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ABSTRACT

\t

A number of nucleoside analogues of the cyto—

klnln N6—(3 methy -2- butenyl)aden051ne and their corre-

t

spondlng blologlcally analogous N6 benzyl derlvatlves -

: have beenpprepared. Alkylatlon of aden051ne, g'— 
deoxyadenoéine and‘9-8~D—arabinofuranosyladenine by

3- methyl 2- butenyl bromide or benzyl bromlde gave “the
_l—alkylated derlvatlves which underwent base catalyzed
rearrangement to the N6—substituted compounds . 1§?—
Benzyl-3' deoxyaden051ne was also prepared from 3'-
deoxyaden051ne in a similar manner. ‘The extent of
alkylation' by 3;methyr—2—butényl bromide was found to

be greatly increased by the addition of nonnucieopnilicﬁ
‘acid acceptors. Stannous chloride catalpzed sugar'
methylation of §6—(3—methyl;2—butenyl)~ and benzyl-
‘adenosine gave the corresponding 2'-0- and 3'—\—

methyl derivatives. §7—substituted formycin derivatives
were prepared by reactiOn of 7—ch1oro—3—B—Q—ribofurano—
sylpyrazolo[4,3—d]pyrimidine with 3—methyl—2—butenyl—
amine or benzylamine. Sdlphur alkylation of 6- |
mercaptopurine riboside and 6-thioguanosine by 3-
methyl—Z—butenyl bromide gave the §6—(3—methyl-§{butenyl)
derivatives of these compounds. Certain aspeets of the
. mass spectral fragmentation patterné and nmr speotra of
these cytoklnln analogues are discussed.

A route for the stereospec1f1c synthe51s of alkyl
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;2 deoxy B-D-erythro geptofuran051des has beeK developed
'‘Benzyl and p@enyl 2- ~0- metHanesulphonyl 3,5-di- O—
benzyl 1- tth ~a~D- arablnofuran051des were prepared

.from Q-arablnose via l;2—0—isOpropylidene—B-D—arabino—

~ furanose and 3 5-di- O benzyl-p- arablnofuranosyl chloride.

In reactlons of the benzyl-1- tth Compound Wlth methyl

ethyl or 1so propyl alcohol in the presenceé of barium

4
[

.carbonate, stereosgec1f1c attack of the alcohol at
- C- 1 of the sugar, w1th concomlttant migration of the
benzylthlo group to C 2 and dlsplacement of methane-
sulphonate, gave the methyl ethyl and lso propyl 2~ S—
benzyl-3,5-4di- -O-benzyl-2- tth B-D- rlbofuran051des in
good yield. ‘Subsequent desulphurlzatlon with accom-
bpanying debenzylation occurred using Rgney Nickel
to give high yields of the corresponding 2-deoxy- B D—‘
erythro- pentofuran051de derivatives.

Application of this procedure to the synthesis of
' 2'—deoxynucleosides was iess successful. Condeﬁsatioh«
‘of the l-benzylthio~2- O- methanesulphonyl Sugar with
6- chloropurlne gave moderate conver51on to the 9 and
7 -isomers of 6-chloro- (2- benzylthlo 3,5-di-o- benzyl 2~
deoxy D- rlbofuranosyl)purlne f-Anomers were the »
predominant products, but both p081t10naL 1somer frac-
tions contalned small amounts of the correspondlng

a-anomers. Amination, desulphurlzatlon and debenzyla—
6

tion of the 9-isomer gave 2'-deoxyadenosine and a very

¢

vi



, Small amount of 9—(2—deoxy-a—g—erythro-pentofurﬁno—
Syl)adenine.  Aminétion of the 7-isomer gave the B and
“a-anomers of 7—(2—benzylthio*3,5—di—9—benzyl—2—deoxy~

'D;ribofuranosyl)adenine. Desulphurlzatlon and debenzyl-

ation ‘of the B -anomer gave 7- (2 —deoxy-f8-D~ erythro—~

pentofuranosyl)adehine which is the 7-isomer of‘naturally\.

fbccurfing 2'-deoxyadenosine. The deoxynuclecsides were
obtalned in poor overall yield due largely to the low
and unpredlctable-efflclency of the desulphurization

" .reaction using Raney Nickel.

vii
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"GENERAL INTRODUCTION
" <

In 1871 Miescherl) isolated a material from the -

nuclei of'pus cells which he calléd nuclein, The £erm
"nucieic acid" was subsequently introducéd by Altmann2)
 to describe this material and he and otherk developed
general methods for the isolation of nucleic acids from
a number of sources.
The nucleic acids are polymefic chains of nucleo-
‘tides (composed of a purine or pyrimidine:basé, a
furénose sugar component and a.pﬁosphoric acid residue)
linked by phosphodiester Bonds. They fall into~tw6”\»
distinct classes, depending upon the nature of the
.sﬁgar moiety present: - ribonucleic acid (RNA) in which
the sugar is D-ribose and deoxyribonucleic acid (DNA)
which contains thé sugar moiety 2—deoxy-2—fib§se (2-
deoxy-D-erythro-pentose) . ?he‘identities‘of the sugar
residués in the nﬁcieic acids were‘éetermined\du;ing
‘the years from 1910 to 1930 by Levene and coworkers.3’4'5)
Five hetefocyclic bases are commonly found in the
nucleic acids and were identified in the late 19th
ceﬁtury‘by Kossel, Schulze and Fischer, among others.6)
The burines adenine (1) and’gu&nine (g;«aﬂ@ the pyrimi-
dine thosihé (3) are fqﬁnd in both DNA and RNA. The

‘remaining pyrimidine base normally found in DNA is'thymine

(4) and in RNA is uracil (5). _ -

o

N
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In 1909 Levene and Jacobs intfodhced the term
nutleoside to describe the carbohydrate derivatives of
purines and pyrimidines isolated froﬁlalkaline hydroly-
sates of yea§t'nucleic acid. This term is now widely |
used to include all compounds of natural oé syntheﬁic
origin which containia heterocyclic base linked to the
Cc-1 position of a sugar. The commonly occprring nucleo-
sides found in RNA are adenosine (g),‘guanosine (1),
cftidine (g) and ufidine (9), and“in DNA are 2‘—deoxy—iu

adenosine (10), 2'-deoxyguan: - e (11), 2'-deoxycytidine

(12) and thymidine (13).
In addition to the commonly occurring nucleosides
named above, many other modified nucleosides havetbeeh

8)

found in nucleic acids in minor amounts. Modifica-
tions are generally restricted to the base residue, and

often consist of simple mgthylation. As well one type

‘ L
- of sugar modified nucleoside, the 2'-O-methyl derivative

/

<

is.known. ‘ " <W

The position of attathment of the sugar to the

base in naturally\QQS:i;%n?;nucleosideé was first de-
duced by chemical methd 819,10) but it was later shown

" that assignment could be made by simple ultraviolet

11,12,13)

spectroscopic comparisons. The furanose nature

of the ribose ring was demonstrated by Levene and_Tipsonl4%

and was later verified by periodate oxidation studies.ls’lG)

Todd and coworkers also used periodate oxidation to pro-



vide the first indication of configuration at the anomeric
carbon.l7) “The same group later confirmed the assignment

b
of the p-configuration when they discovered the formation

of cis-intramolecularly linked 5'-cyclonucleosides derived

from cytidine (8) and adenosine (6).18)

~.Final structure
proof, synthesis by an unambiguous route, has also been
carried out by Todd and coworkers for all of the common

19)

nucleosides. The foregoing material has been the sub-

ject of several extensive reviews.20’21'22’23’24)

| . \
Nucleic acids then are composed of individual
nucleosides joined together through their 3'- and 5'-

25) DNA is the

positions by phosphddieéter liﬁiéges.
primary genetié material and itvi%\the order of the bases
in the DNA molecule that furnishes the geﬁetic informa-
tion.

The living cell contains three main kinds of RNA.

Messénger RNA (mRNA) is transcribed directly from the «

DNA and has a base sequence complementary to that in the

H

,26’27) The mRNA thus adets a carrier of the génetic

DNA
informatiOn-éontained in.the DNA. Transfer RNA (tRNA)
sefves the purpose of transléting_the information cafried
by the mRNA into the synthesis of specifiC“proteiné in

the cell. An amino acid can be‘attached go thei3'~ end

of a tRNA molecule by'ah.eéter linkage. There are numer-

ous different tRNA molecules, each one being specific -

for a particular amino acid.28) One region of the tRNA,



nown as the anticodon, consists of a sequence of three

bases which is characteristic for the amino acid carried

29)

by the tRNA. Because of the specific¢ base pairing

that occurs between guanosine (7) and cytidine (8) and

"also between adehosine (6) and uridine (9) or thymidine

30,31)

(13), the triplet of bases in the anticodon of the

only with its complementa:{
32,33)

tRNA pairs, in general,

sequence of three bases on the mRNA. ‘The mRNA is
thus divided into a seqhence of base triplets, termed
codons, each of#which will'paif’onlf with a specific
tRNA. In this Waf}thehsequence of bases ih the mRNA
defines the sequence of -amino acids in the protein to

be synthesized. This coding of base’triplets for speci-
fic amino acids is-known as the geneticvcode.34’35'36)

Ribosomal RNA (rRNA) is the most abungéht form

somes. The ribosomes move along the mRNA‘lee u

"read" the sequence of codOns. As they do S0, kRNA

‘molecules having the required antlcodOn mlg£9ée to the .
mRNA- rlbosome complexes and donate thelr amino ac1ds to

the growing polypeptlde chaln Thus as a rlbosome
¥ I

travels from the beginning to the end of a 'mRNA" molecule,

a complete polypeptide, having the desired amino -acid

. e
37,38,39)

sequence, is synthesized. The above description

of the biological functlon of the: nucleic- ac1ds is

O

extremely brief and a convenlent overv1ew of this subject

¢
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has been compiled by Davidson.40)

Of the types of nucleic acid described, tRNA is
the richest source of modified nucleosides. .Of pafticulér

interest to this.work is the tRNA-deriVed modified nucleo-

side N6—(3—methyl-2—butenyl)adenosine, which forms the

 basis for Chapter 1 of this thesis. Chapter II is con-

cerned with the‘development of a route for the stereo-
¢
specific synthesis of 2-deoxy-furanosides and 2'-deoxy

nucleosides. ¢



‘ CHAPTER I
—

6—(3~METHYL—2—BUTENYL)ADENOSINE

'SYNTHESIS OF ANALOGUES OF N

AND OTHER CYTOKININ-RELATED NUCLEOSIDES.

",

INTRODUCT ION . Y,
: ' ) A

"

A. 6—§—SUBSTITUTED—6—AMiNO—PURINES HAVING CYTOKININ

ACTIVITY.

In the early 1950;5 Skoog ‘and coworkers diooovered
that additiOn of coconut milk or yeast extracts to seg-
*ﬁents of tobacca callus ;isSue, grown on a éynfhetic’
medium; promoted new and Continuedicell division and érowth.
This«property o?soausing i;creased cell diQision and
grthh'in plants has subsequently-boen termedvcytokinin
actiQity and compounds that can produce this activity are
oalled cytokininé.4la)lThis early work and thé subsequent
isolation, i&éntificatiOn and synthesis of a number of.
purine derivatives that ha&e cytokinin éctivity has been

b)

reviewed by Strongf41 and by Miller®?) and will be but

briefly covered heéere. o

Skoog gnd coworkers wéfe able to isolate a very
small amount of material from yeast extraots that had
highdcytokinin activaty when ossayed on tobacco callus
tissue. The properties of this méterial were consistent

with a purine or purine derivative. These workers then

turned to DNA, a rich source of purines, as a possible

v
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from the DNA of herring sperm that was a highly active &

source of cytokinin active compounds. ThQs in 1955

43)

Miller et gl reported the isolation of a material

N

E'cytdkinin. They named this material kinetin and sub-

\

sequently identified it as 6-(2-furfurylamino)purine

(14) and showed that synthetic kinetin had similar

cytokinin activity to that of the isolated material.44)'

The initial isolation of kinetin was from a four‘year

[

old preparation of DNA and freshly prepared samples of

DNA were found to yield no kinetin. It was discovered

howeVer43)

that autoclaved‘samples'ofvfresh DﬁA yielded
relatively large quantities of kineﬁin and Hall and 4
deRopp45) léter showed that kinetin is formed from the -
adenine and 2-deoxy-ribose residues of DNA during thé 

LS
autoclaving process.




The isolation and structure determination of kinetin

was quickly'followed by reports of a number of syntheses

of kinetin and of various kinetin analogues.46'47’48)

ijthefmany'aﬁalogues of kinetin subsequently synthesrzed,

generally only those that were 6—§?substituted—6-amino—

41,42)

purines showed significant cytokinin activity and

only a small number of these had an activity comparable
to that of kinetin. Of particular interest was 6-N-

benzyleminopurine (15) which has a cytokinin activity as
>great as or even greater than that of kinetin.49)

Although none of the syntheti% cytokinins resembling

kinetin (or kinetin itself) had been found to occur

naturally, the occurrence of cytokinin activity in various

41b) 42)

plant extracts led both Strong ~"’ and Miller to specu-

late on the natural occurrence of kinetih like compounds
as-cell_division factors. A subsequent»gtﬁdy of the
alkaloid triacanthine led. to the discoveryeof a-oighly
active, naturally occurring cytokinin.‘

50)

Belikov et al first réported the isolation of

triacanthine from the young»leaves of Gleditsia

triacanthos in 1954. In 1960 Leonard and Deyrupsl)

erroneously reported the structure of trlacanthlne as
7-(3- methyl-2- butenyl)adenlne {16) - This structure .
assignment was later corrected to 3-(3-methyl-2- butenyl)—

adenine (17) and this a351gnment was supported by
2)

Denayer et gls who reported unambiguous synthesis of



10

>3) noted that the

both 16 and 17. 1In 1962 Cavé et al
concentration of triacanthine in the leaves of

G. triacanthos was ﬁighest when the leaves were very
50)

young and decreascd rapidly as the leaves aged.
They found-~that triacanthine showed a very weak, but
definite, cytokinin activity and speculated'that trla-
canthine might play a gimilar role to kiqetin in plants

and might be invdlved in the mechanism of regulaﬁién . ‘
‘of cell division. They also tested the N°, 7, 8 and»-'; -

9 (3- methyl 2~ butenyl)adenlne 1somers of trlacanthlne

| _o
HQ ?Hz \CH3
“K> |

)
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| |
for cytokinin activity and found that, whereas the 7,

8 and 9-isomers were complétely inactive, §6—(3—methyl—
“2—butenyl)adeniné’(_§) had én activity which was.equal
to or greéter than that oflkinetin. Beauchesne and
Goutarel>?) also found 18 to be a highly active cyto-
kinin and in addition discoverea that both §6;§6—bis—«
v(3?methyl—2—butenyl)adenine an6~§6,3—bis—(3—methyl—2—
butenyl)adenine had activities that weré only sliéhtly
redutedrfrom that of 18. | |

In contrast to the work of Cavé et gl,SB)

Rogozinska et ngSj found‘thathboth naturally’qccurring.
;nd s§nt£etic triacanthine were completely inactive
when tested for cytokinin activitf. Howevér they founa
that when a sample of triacanthine was agtoclaved prioxr
to testing, sigﬁificaﬁt‘cytokinin activity resulted.

As autoclaving is a common procedure for the steriliza-
tion of samples prior to testing, they suggested that
this was the reason for the tytokinih'activity of
triacanthine noted by Cévé et al. Whenban éutoclaved '
sample‘éf triécanthine was subjected to paper chroma--
tography,-although oniy one spot for triécanthine was
observable on the chromatogram, elution of an area of
the chrbmatogram‘adjacént to the triacanthine spot
‘ylelded an eluate that had a high cytokinin act1v1ty

Rog021nska et al suggested that this act1v1ty may re-

sult from rearfangement of trlacanthlne (17) to 18, -

D)
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which they also féund to be a highly active cytokinin,
and they‘speculated upon the natural occurrence of 18
and suggested that-triaCanthine may act as a source
of lg_in-plants.

The isolation of a natuyrally occurring cyto-

kinin from liquid cultures of Corynebacterium fascians

6)

and this was

was reported in 1966 by Klambt et gls
57)

identified as 18 by Helgeson and Leonard.
The synthe;is of 18 from 2'-deoxyadenosine (10)

was reported by Leonard and Fuji158) in 1964. An

" intermediate in the synthesis was 1-(3-methyl-2-butenyl) -

ES

adenine (19). Also prepafed were the analogous benzyl
derivatives -1 and §6—benzyladenine (20 and 15). .Hamzi
and Skoogsg) tested the cytokinin activities of these

»

compdunds (15, 18, 19, 20) and found that the gﬁ—

igomers (15 and 18) both had activities approximately
10 times greater than kinetin. However the l-isomers

(19 and 20) also showed relatively high activities.
. . . \
‘This was thought to be dqé&to,possible conversion of

the 1 to the active 56-isomers in the test system used

and.this was later shown to 'be thé case.eo)
Hy . _CH
R 2 : . H 2\§¢4: CHzOH
N~ l ‘S>’ : M N
‘ ' N
19 R=(CH,C=CH—CH,— !

N [
NI

R=CgHeCHy— o 21

12



In 1963 Letham®?!’

xinin, as a crystalline picrate, from the immature
seeds of a sweet corn variety of Zea mays. This mate-
rial was named zeatin and it was thought to be similar

to cytokinins previously isolated from young maize

2) 63)

kernals6 and from plum fruitlets. The physical

properties of zeatin again indicated that it was

probably a 64ﬁ~substitu£ed—6—aminopurjne derivative.
Its ¢ ucture was c¢lucidated by Letham et gl64) as
selnyg one geometric isomer of §6-(4-hydroxy—3—methyl—

2—buten;l)adenine} which is .closely structurally re-

- lated to 18. The trans-isomer (21) was synthesized

5). .

by Shaw et 326 and found to be identiqél to naturally

occurring zeatin. Zeatin has been shown to have a

cytokinin act1v1ty 51mllar to that of 18 and greater

g%an that of klnetln 49)
@ . *

isolated a highly active cyto-

ol

R
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B. THE OCCURRENCE OF CYTOKININS IN TRANSFERW§180~

NUCLEIC ACIDS.

In 1966 Zachau et g£66),reported the elucidation

. ' s

"~ of the complete nucleotide sequences of two serine-

specific tRNA's obtained frou~grewers yeast. The
enzymatic hydrolysis of the tRNA's yielded, in each
case, an unknown nucleoside which was situated adjacent
to tue 3'—end of the anticodon,in the intact tRNA's;

7)

Biemann et a16 1dentlf1ed the structure of thls nucleo~
side as N —(3 methyl 2- butenyl)—9 8 D- rlbofuranosyladenlne
(22) (1PA), the free base of which is ;dentlcal to the
highly active cytok%nin'lg desoribed~above. Simultan—

68,69)

eously, Hall and ¢oworkers reported the isolation®

and identification of iPA from enzymatic hydrolysates

"of unfractionated yeast tRNA. - Synthetic iPA was Shown

to be 1dent1cal to the 1solated material and 1t was

noted that iPA had a 51gn1flcant cytoklnln acitivity.

‘Although the cytokinin activity of iPA (22) is appreciably

reduced from that of the free base (18), it is Stlll hlghly

actlve and approaches the act1v1ty of klnetln in varlous

systems.49 6?) ‘The amount of iPA isolated by Hall.and
9} (

coworkers6 was equivalent to 0.065 mole % of the total

nucleoside residues in the crude’ tRNA and this. correlates

.to only one tRNA molecule in about 20 containing an.iPA

‘residue. These workers were also able to detect similar

£ ,
amounts of 1PA in crude tRNA preparatlons from calf
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liver, human liver and chick embryos. They were how-

, ever unable to detect any iPA in human llver or Cthk

'@pbryo rRNA. y " -

22 23 ReHR:OH .
IPA 24 R=OH R:H

Following the initial discovery of the presence

of 1PA in some tRNA molecules, complete nucleotide

Tyr 70)

sequence analysis of yeast tRNA and of a single

Ser 71)

species of rat liver tRNA ‘again revealed the

' ﬁresence of iPA molecules lbcated adjaceqﬁﬁto the 3'-

end of the anticodon in each tRNA. IPA has also been
detected in unfractionated tRNA's isolated from various
plant and bacterial sources 121 13:74,75,76) as well

as in certain specific tRNA's isolated from Escherichia

77) 78)

coli and yeast.

Certain nucleosides which are closely related

4

15



to iPA have also been found in tRNA moleculeé. In

75) ’

1967 Hall et al reported the isolation of a cyto- '

kinin from the crude tRNA of spinacﬁ,wsweét corn
kernels and garden peas which hé tentaélr ly identi-
fied as §6-(gi§—4—hydroxy—3—methyl—2—buten 1) -9-8-D-
ribofurénosyladenine (g;f, This stfucture ssignment

-was later verified by Playtis and Leonard.7 ) The-

presence of 22 in unfractionated wheat germ tRNA73'79)

74)

as well as in E. coli, pea root and yeast tRNA's has

also been reported. The free.b§se of 22 is the geo-
metiic isomer of the widely occurring cytokinin zeatin

P

(21), however the presence of ‘the riboside of zeatin

(24) in tRNA has been reported only once . 80)

‘In 1968 Burrows -et 3181) reported the isolation

of a cytokinin, having a similar activity to that of

iPA,76) from the crude tRNA of E. coli. It was simul-

Tyr 82)

v

taneously found in E. coli tRNA and was identified

as 2—methy1thio-§6—(3—methyl—24butenyl)—9-8-2-ribo—

81,82)

furanosyladenine (25). This cytokinin has sub-

sequently been found in tRNA preparations from a number

72:/73:74,77,83). 4 fyrther cytokinin, that

~ of sources.
- incorporates both of thebmodifications of iPA described
- above, has been isolated from unfractionated .wheat germ

tRNA and identified as Z-methy1thi6f§6~(4—hydroxy-3-

éf::ﬁethyl-Zfbutenyl)-9-B-gfribofuranOSyladenine.73) This:

- compound has also béen found!iﬁ tRNA hydrolysates from

16
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‘
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-y

-the bacterium Pseudomonas aeruginosa and has been tenta-
84)

tiVely assigned the cis configuration (26).

In studies in which the position of the cyto-
kinin in the tRNA molecule has been determined470'7l'74'85)
only one cytokinin per tRNA molecule has been identified

and it has been located adjacent to the 3'-end of the

anticodon (see also reviews by Hall86'87) and by Skoog

88) .

and Armstrong ). Furthermore, it has been

noted86’87’88’89) that these cytokinins occur oniy in

those tRNA's which respond to codons beginning with U.
The potential function of iPA and its analogues

in tRNA's has been investigated by a number of workers.

0)

Fittler and Hall9 selectively quaternized the iPA

residue in yeast tRNAsgr by treatment with iodine and

[

17
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they found that the ability of the treated tRNA to
bind to the mRNA-ribosome complex was significantly
reduced. Gefter .and Russell’?l) isolated three forms
of suppreséor tRNA?yr which differed only in the
degree to which_gﬂéiadenosine'fesidue adjééent to

-the 3'-end of the anticodon was mbdified. They also
found that the ability of these tRNA'é to bind to the
mRNA—ribosome‘complex depended on the degree of modif
fication apd concluded that the presence of c%tokiﬁins
adjacent to the 3'-end of éhe anticodon in_so&e tRNA's
'gesponding to codons beginhing.with U is necessar§

for the most efficient protein synthesis. However,

' 92)

experiments by Litwack and Peterkofsky did not

support this conclusion.



C. ' THE BIOLOGICAL ACTIVITY OF CYTOKININS

1. Cytokinin Activity
- : : .
The cytokinin activity of a number of 6-N-

substitutea—6~aminopurines and related compounds has

been described above. and extegsive reviews are avail-

e41,42,87,88)

abl (and referenceé cited‘therein). The

synthesisband activity of cytokinin related compounds

93,94,95,96,97)

containing varied 6—§f$ubstituents and

modified purine bases’?r°8/99)

(see also reviews cited
above) has received a great deal of attention-and -

studies of the relationship between the structure and
' 49,100)

activity of cytokinins have appeared.
As has been mentioned, the natﬁrally occurring
cytokinins existing as the free bases (18, 21) and as

the 9-p-D-ribofurano$ides (22, 23, 25) both show
’ 49

—

. - Lon
potent activity. Skoog et al ~’ noted, however, that
the ribosides generally had lower'actiyity than the

~ corresponding free bases and this. observation was.

supported in an extensive study by,Schmitz gg_él.lOI)

In 1971, Hecht et a1l0?)
[A,B;d]pyrimiéine derivatives, including 7-(3-methyl-
2-butenylamino)-3—B-Q-ribofuranoéylpyrazalo[4,34d]-

byrimidine (gii, Which are related t6~the.cytokinins

18 and iPA (22). Coﬂpound 27, however, has a C-C .

- glycosidic linkage which, in contrast to iPA, should

reported a number of pyrazolo-

19
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be stable to usual metabolic cleavage. Their results

indicate that the presence of the ribose residue in a

A . . L
~cytokinin is not required for it to show a high activity.

A further interesting result of this work was the dis-
covery that one of the compounds synthesized, 3-methyl-

7—(3Fmethylbutylamino)pyrazalo[4,3—d]pyrimidine fgg),

was a potent cytokinin antagonist.103’104)
2.  Mammalian Inhibitory Activity
In 1967 Grace and coworkersi??) reported that iPA

(22) is a potent growth inhibitor of a line of cells

derived from human myelogenous leukemia and induced
clinical remission in a case of acute leukemia during,

106)

clinical trials. IPA also showed potent inhibitory | _.

efects against Sarcoma-180 cells, but showed no sig-.
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nificant inhibition of other human tumor cells. 1IPA has
since been reported to have inhibitory effects against

107,108,1009) The

various'types of mammalian‘cell lines.
inhibitory ‘activity of iPA in mammalian systems'is in
marked contrast toiits.cytokinin activity in plant éys—
tems, althéugh stimulation of cell growth has been |
notéd when iPA and some of its analogues were administered
to a human leukemia cell line in extfemely low concen-

tration.gz)

96,97,110) have reported

" Fleysher and coworkers
the synthesis and growth inhibitbry activity of a number
of analogues of iPA having varying §6—substituents and

modified bases. §6-benzyladenosine (29) had activity

similar to that of iPA%in a number. of systemé.96)
Fleysher97) also found, as originally noted by Grace
105)

that the presence of the sugar moiety was

o)




o
\/\L?ecessary for significant mammalian”inhibitory activity.
. | The mechanism Qf action of iPA is unknown at
~ present., Some evidence indica£es that‘iPA acts as an
inhibitor of both DNA and RNA biosynthesile8) and it

111)

may interfer in pyrlmldlne metabolism. Rustum and

112) however noted both inhibition and stimulation

Mihich
of DNA,’RNA>and protein biosynthesis in differing. types
of mafmalian tissue. The metabblism of iPA in mammalian
systems has‘been studied and it appears that iPA isk

. active in the céli as 1its 5'—nucleotide:ll3'll4) How-
ever the ma]or degradative pathway of iPA is the
rapid and 1rrever51ble cleavage of the sugar m01ety to
produce the 1nact1ve base 18. 109, 114)_ This degrada-

tion appears to be the major mechanism of resxstance

of cells to 1nh1b1t10n by iPA. 113)



RESULTS AND DISCUSSION

The work described ih this section deals with
the synthesis of a number of analogues of iPAfk These
- were prepared for cyookinin, mammalian inhibition
‘and other collaborative biochemical.studies. Previous
studies primarily qgoncentrated on changes in the side
chain or the base. 1In view of the necessity of the
ribose residue for mammalian ihhibitor§ activity and-
also of the rapid inactivation of iPA by enzymatic
cleavage of‘the ribose'residue (see-Introduotion), this
work copcentfatethainly oa'iPA analoéues which are
modified in the sugar residue.” Preparation of the
formycin analogue of iPA (ig),fwhichvhas a carbon-
" carbon glycosylolinkage thaﬁlis pfesumably stable fo-
usual metabollc cleavage, was of ‘interest for the same
reasons. Also undertaken was the synthesis of a 51m11ar
"series of the blologlcally analogous but more chemlcally'
stable benzyl analogues of iPa. Flnally iPA analogues
derived from 6- mercaptoggrlne r1b081de and 6- thio-- .

[}

guanosine where chosen in view of the marked act1v1ty

of 6-mercaptopurine and its derivatives.lls)

Lo Bo )



A. SYNTHESIS OF ANALOGUES OF IPA

56-(3-Methfl-2;butenyl)adenosine (iPA) (22) was
first synthesizeo by Leonard and coworkereeo’llG) 5
~1"a1kylat10n of adenosine w1th 3- methyl -2- butenyl bto—
mide followed by Dimroth rearrangementll ) in basemto the

116) and

§6—190mer (see Scheme I). Overall ylelds of 38%
42.5%69) have been reported for this reactlon sequence.
However, we were unable to obtain yields greater than
20-30% following the same procedure. We therefore 1n—:
veetigated means to improVe\thie method of synthesis.

- In accordance with the observations of Leonard
et 3160) and of Martin and Reese,lla) we also observed
that the alkylation step proceeaed to about 50-60% and

then ceased. Shimizu end Miyakill4)

have reported the
HBr catalyzed migratioh of 3—methylf2-butenyl_and
benzyl groﬁps} presumably by reversal of the alkylation
reaction by bromide ion followed by realkylation In
order to c1rcumvent the possibility of such reversal
reactions during the alkylation process, molecular
51eves were added to the reactlon mlxture as a presumed _
absorbent of hydrogen bromlde This rationalization was -
later shown to be incorrect, however ‘the alkylation was
observed to broceed‘to 80—90%-using thie modificatiop

.and crystalline yields of iPAtapproaching 58% were
Obtained. This method was therefore used for the alkyla-

AN
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SCHEME T —

B REROHReH 22 R=iP. Ry=Ry:0H, Ry= H
30 Ry=Ry=OH.R=H 29 R=BnR;=Ry=0H, Ry=H
10 Ri=0H, Ry=RyH 32 R=iP Ry=Ry=OH, Ry=H.
31 Ry=OH, Ry=Rg=H 33 R=Bn, Ry=Rq=0H, R,=H

. . 34 Re=iP, Rj=OH, Ry=Ry=H
iP=(GHy)pC=CH—CHy— A
R=Bn, Ry=0H, Ry=Ry*H

Bn=CH.CHy— - |
" R=Bn, R,=0H, R;=Ry=H

w W
(2]

tion of 2'-deoxyadenosine (10) and 9-8-2—arabinofuranosyl-
adenosine (30) with 3-methyl-2-butenyl bromide, as des-

cribed below.

It was later discovered that the addition of one
equivalent of LiBr to the alkylation reaction caused no
observable change in the -degree of alkylation. Aiso a

samplé of the gl—alkyléted product, which was isolated



by preparative thin léyer chromatbgraphy (ticr; gave no
observable reversal to adenosine when treated with 2
equivalents‘of HBr in DMF. It was also noted Fhat_the
reaction became appreciably acidic, even in the presence

of molecular sieves. When BaCO3'was added to the re-
aétion mixture, no acidity was observed and the‘alkyla—
tion appeared essenﬁially‘quantitative. Usihg this
procedure iields of iPA approaching 74% have been obtained.
- It aépears therefore that HBr, producédxdurfng
the reactisn, inhibits the alkylation process. If
sufficient HBr is genesated to protonate about 50% of
the adenosine molecules by the time that alkylation has
occurred to 50%. the reSultlng aden051ne Nl—hydrobromlde

e i 3

would be ij

to alkylation. Addition of

BaCO4 as | nonnucleophilic acid acceptor

therefore»pﬁ' | formation of the hydrobromide salt

and allows tﬁj jéctibn to proceed to completidn. Use

of molecular bves as acid acceptor was less efficient

and resulted only moderately increased_alkylatibn

o~
<3

yields.

Ii was also later discovered thst samples of_iPA
" synthesized by the alkylgtion—rearrangement-procedure
invafiably contained a small amounﬁ of material.(which
was not completely removed by recrystalllzatlon) which
mlgrated faster than iPA in chromatographlc systems and

had a molecular weight = 403 (mass spectroscopy) . This
_ _ ) o A /

' - /
-
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corresponds to an iPA molecule wrth a hydrogen atom sub-
stltuted by a second 3- methyl -2- butenyl group (335 - 1 +
69). A small amount of this material was isolated by
column chromatography along with a trace amount of a
eecondkimpurity that had mol. wt. =547l (iPA substituted
by two 3tmethy1-2—butenyl groups). '}he ultraviolet
spectra of these two impurities were identical to that
of iPA. The nmr spectrum of the mol. wt. = 403 materlal
was not readlly 1nterpretable, but showed a complex
pattern of resonances in the 61.Q to 2mo range. _?ydro—
genation of this material overlRaney Nickel yielded‘a
compound that had mol. wt. = 407;-indicating the presence
of two olefinic'bonds. No other structural information
on this material was obtained. However, if 3-methyl-
2-butenyl bromide moleoules:areqassumed to condense
- during the alkylation procedure, for example as outlined
in Scheme‘II, this would, account for broductlon of HBr-d
during the reaction. Alkylation ot'adenosine by the
resulting condensed alkenyl bromide'products would give
rise to the‘hign.moleéular weight impurities observed.
The earlier reports on the preparation of iPA69’116)
both used refluxiné aqueous base to effect the Dimroth
rearrangement of the- Nl— to the N6—alkylated product

118) later reported a much mllder

~
technique involving treatment of the Nl-alkylated product

(22) Martln and Reese

with 50% MezNH—MeOH at room temperatureé. This method
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SCHEME I

 BrlchycH= (Y/CH (}*:C//CH
Ckﬁ\\ = \\CH3 CH&V r%}b \\CH3

C CH—CHs—Br
CHy” ks CH3 \CH 5 -
-

. : N -
el e M AT
CHy

\TH%BW? 4 HB

proved to be very effectlve and resulted 'in.complete
‘rearrangement in from l to 4 hours for a Xumber of the

compounds studied.
A further note on iPA per  se concefns. its

optical rotation. Varlous samples prepared by the pro-,

60, 116) 118)

" cedure of Leonard’gg al, Martln and Reese

and our modlfication gave [a]D values_near,—70° and

[a]546 near -85° in ethanol These values are sig-
" pificantly different from the reported values of [a]28

60) - 69)

~103° (c 0.14, £tom)®® and (@123 -97° (c 0. 07, EtOH).
3° (e : 546

A carefully purified sample of iPA which had correct

ﬂelemental analyses and no hlgher molecular weight im-

purities had [a] 3 -71.5° (c 0.14, abs. EtOH), [a]g3

-70.0° (c 0.07, abs. EtOH), [a]®?, -85° (c 0.14, abs.  .¢\
, , 546 O b e

[
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EtOH) and [a]ﬁiG -85.8° (c 0.07, abs. EtOH).M;'\I‘h,ese
“values are consistéht with those obtained in 95% EtOH
and also with values obtained on a "drug“ sample of
iPA (kindly provided by Dr. G.B. Chleda, Roswell éark
Memorial Institute, Buffalo, N.Y.)vwithin * 1.5°.
Synthesis of §6—(3—methyl—2—butenyl)~9—B—2—ara—
binofurapoéyla&enine (32) from ;g'wasanaiogous to the
preparation of iPA. Using\molecuiar sievesias the
acid acééptor{ compound 32 wé;\bpﬁéfﬁédfi; 54% crystal-
line yield. Removal of the>high moleééiar deight
impurity was achieved by redrystallization\from,MeOH—
{iPrOH.} After this work was completed, a patent appeared

3
T

describing 32 prepared by a base sugar coupling pro-

120)

cedure. The preparation of EG—(3—methyl—2vbutenyl);

2'-deoxyadenosine (34) was also carried out similarly,
from 10, but greater care was necessary in order to

avoid cleavage of the relatively acid labile glycosidic

1;8) 121) have

»

previously obtalned only the alkylated adenlne aglycone

bond. Martin and Reese and Brookes et al

salts When 2'—deoxyadenosine (10) was treated with 3-
methyl-2- butenyl bromide and benzyl bromide respectlveﬁy
Leonard et a195) havé»reported the synthe51s of 34, which
was characterized as a hygroscopic solid hydrate with
mpfﬁ8-49°c and [a]gs -9.9° (c 0.8, EtOH). Inkthis case
cfystallipg 34, obtained after a proﬁrac;éd purification\\

procedure, had mp 106-109°C and [a]g8 -19.5° (c 1, ¥eOH).



Sivadjian et gl122) have reported the enzymatic transfer
of 2-deoxy-D-erythro-pentose (2-deoxyribose) to §6—

(3-methyl-2-butenyl)adenine (18) and'6—beniylaminopurine

(15) tO\pregumably ine the 2'-deoxy=-nucleosides (34

‘and 35), but no characterization of products was given.

AThe~preparation of the §6—beﬁzyl analogues (29,
33, 35 and 36) was_essenéially analogous to that of
iPA (see Scheme I), involving the usual gl—alkylatién
followed by reirrangément. In this case, however, thg‘

alkylation proceeds readily to ~90% in the absence of any

&

"\—’#\\\\_Efid acceptor. The Bénzylations of adenosine (6) and

i

- 9-g-D-arabinofuranosyladenine (30) were effected in a

manner similar to that described by Fleysher et §l96)

for the benzylation of 6. Use of the milder Me,NH-MeOH
rearrangement procedure gave g?—benzyladenosine (29)
;ﬁa Es—benzyl-9—B;Q—arabinofuranosyladenine (33) in 67%
and 69% cryétalline yieldsibréspectively. The benzyla-
tion of 10 proceeded simi%ariy to yield crystalline

Qs—benzyl12'?deoxyadenosine~(§§) after columnrchromato-

‘graphic purification. 3'-Deoxyadenosine (Cordycepin)

(31) was prepared according to the method developed by

123)

Robins et al in this laboratory, Benzylation of

31 proceeded smoothly to yield, after rearrangement, EG—

beﬁiyl—3'?de0xyadenosine (36)h

The 2'-0- and 3'-O-methyl derivatives of 22 and

29 were interesting in view of the reported inertness

\

\



of certain 2'-O-methyl nucleosides to._the action of
hydrolase and‘phosphorylase enzymes,1245 enzyme systems
that catalyze cleavage of the glycosYi bond. Also,
3'-0-methyluridine is aéparently inert to the action
of uridine phosphqrylase.lzs)
Initially synthesis of these derivatives from
2'-0- and 3'-0-methyladenosine wasvattempted, following
" the usual alkyiation—rearranéement procedure. However,
'although the~reaetions appeared to proceed normally,
purification was difficult and crystalline products were
not obtained. A more con?enient}procedure was the
direct methylation of 22 and 29 using the condition;

126,127)

described by Robins and Naik. Thus 22 and 29:

~were quantitatively monomethylated by diazomethane in
the presence of stannous chloride to yield mixtures of
the 2'-0- and 3'—9—methyl isomers (37 and 38, 39 and 40,
respectively) (see Scheme III). The 2'-0% and 3'—9}
methyl isomers were obtained in ratios of about 40:60,

126)

as.was observed with adenosine. The 3'-~isomer, 38,

readily crystall%ﬁed from the mixture of ggfand 38 and

the remaining material was separated by column chroma-

tography on Dowex l-x2(0H_)'resin.128) The 2'-isomer,

37, did not crystallize. It was obtained in an analyt-
ically pure state'after a further pUrification procedare
‘followed by freeze drying. The mlxture of 39 and 40
128)

was separated directly by_eolumn>chromatography and
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' SCHEME

22 R=iP .37 R:iP
29 R=Bn 39 R=Bn
|P = (CHy),C=CH—CHp—
Bﬂ:C6H5CH2“‘_

the 3'-isomer (40) crystallized readily. Again the
2'-isomer did not crystallize directly and was con-
verted to its crystalline hydfochloride salt.

102)

Hecht et al reported the’Synthesis of 7-N~-

(3—methyl—2—butenyi)amino-B—B—eribofuranosylpyrazolo—‘
[4,3-d]pyrimidine [N'-(3-methyl-2-butenyl) formycin]
" (42) by alkylation of formycin followed by rearrange-
ment to the §7—isomer (an analogous reactioh sequéhce
~ to that used for the preparation of iPA, Schemé I..
These authors reported that-42 was obtained in "low B

yield" and record mp 120-122°C.€ In previous studies
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of this reaction we had found that at least‘five'products
n(spots'visible under uv light on tlc) are present in the
aikylatién solution in the presence or absence of
molecular sieves. It is one of the minor iﬁtensity

spets which disappea}s upon rearrangements in base and;

a minor spot corresponding to 42 appears.,

SCHEME I
§
RNH,-
| OH O
4 X=Cl -~ 42 R=(CHC=CH—CHy
44 X =SCHy 43 R= CgH:CH—

. / - . _ Y
- Compound 42 was readily prepared, in 64% yield

by treatment of 7 chloro-3-8- D ribofuranosylpyrazolo-

[4,3-d]pyrimidine (41)129)

with 3-methyl-2¥butenylamine'
(Scheme IV) and had mp 193. 5—1§5° Analogous reaction.
u31ng benzylamlne -gave N7—benzylformyc1n (43) in 70%

yleld after purlfmcatlon by preparatlve tlc. ThlS

‘material was obtalned in crystalllne form as its hydro-

-~



chloride salé.“ Earlier attehpts to utilize thé 7-
methylthio derivative of formycin (ii)~in th;s process
proved far less successful.

Sulphur alkylation of”6—mercaptopurine riboside
(45) and 6-thioguanosine (46) procecded rapidly to com-

pletion in dry diméthylformamide in ihe presence of

130)

anhydrous potassium carbonate to give the corres-

ponding 3-methyl-2-butenyl thionucleosides 47 and 48,

SCHEME“_‘Y"

H - (CH3)ZC=CHC}—bBE \

K,CO3

L and

R

47 R=H

48 R:NH

. respectively (Scheme V). Attempts to érystal{ize these

products resulted in ged formation and both were obtained.

as analytically pure amofphous solids by precipitation

into Skellysolve 'B'.
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B. MASS SPECTRAL AND NMR OBSERVATIONS

The mass spectroscopy of cytokininsl31/132)

modified nucleosides found in tRNA73‘133’134)
technique that has received a breat deal of attention,
and is e;tremely useful in the identification of such
'compounds\isolated in sﬁall amounts from natural
* sources, Mass spectroscopy was also'a vaiuable tool
for the eharaererization of the cytokinin analoéues
syntheSLZed in this study and was partlcularly useful
~for dlstlngulshlng the 2’ -0- and 3'-0- methyl 1somers
McClosky and coworkers135 136) have shown that
the mass spectra of nucleosides generally show a series
of characteristicdfragmentations. Some of the frag—
ment ions of the 3—methyl-2—butenyl aﬁalogues and of
the benzyl analegues are summarized in tables I and'II,
respectively. The morevstructprally'significant ions
consist of the heterocyclic base (B)'plus various
éorrions of the sugar skeleton A second serles arlses
by fragmentation oi the alkenyl side chain e1ther from
the moleedlar=ioa (M) or, more abundantly, from the ion
corresponding to the free base - (BH) (see'SchemeiVI)

Loss of CS' as formaldehyde with concomitant proton

: transfer to the base gives a low intensity ion (c) at

m/e M-30. This is characteristic of nuclegsides having‘

an unsubstituted 5'-hydroxyl group and is observed»in

35



SCHEME VT

—

When F§= OCH3

/

Ry=H

, Ry=0H,

36
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all of the present compounds. Sugar cleavage to ion

g, which contains gl” 92' and the 2'-substituent,

* gives rise to a peak at m/e B#44 in compounds .having
\ ==

an unsubstituted 2'-hydroxyl gréup. ‘However, 1in the
2'-0-methyl derivatives‘gz and 39 ‘this ion appears

at m/e 2458 and in thev2'—deoXy derivatives Ei and 35
at m/e B+28, thus indicating the nature of the sub-
stituent at the 2'-position. tIon g} wﬁich is alsQ
characteristic of 2'—9-ﬁethylation,136) éccurs at m/e

146 in 37 and 39 and is absent in the spectra of the

3'-0-methyl compounds 38 and 40. An ion that occurred

" exclusively in the spectra of the 3'-0-methyl deriva-

tives, and which may be charaéteristic of 3'-O-methyl-

1 . . . @ V, . : . .
ation, had m/e M-61. Accurate mass determination is,

conéistent_with the molecular formula C-OCH, and this

ion could‘feadily arise by.loss of a methoxyl radical .

frgm ion c (see Scheme VI)."Ion h is normally a high

intensity ion and occurs at m/e B+30. It consists of |

Ehe protonated base plus Qlj, gl, and the 4'-hetero- -

atom and was observed -in all of the compounds studied. -

Glycosidie bond cleavage, aécompanied.byltransfer of
up to two protons to thefgase,.gives rise to ions g}

BH and BH These ions are characteristic bf the base

2.
and its substituents, and the most intense of these(

ol

ion‘gg, occurs at m/e 203 in the spectra of the gs-(3-:

methyl-2-butenyl) derivatives (22, 32, 34. 37 and 38)

/\

39
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and at m/e 225 fogl .v§645enzyl derivatives (29, 33, 35/

36, 39 and 40).

Fragmentaf; fhe 3-methyl-2-butenyl side

“;reviously by Shannon and LethamlBl)
'Garacteristic series of ions. The

F ' u
yl- nucle031des (22, 32, 34, 37 and

gg) all show £

fseries of ions which in iPA (22)
100%), 148

| 4 - ot

'n to ions arising directly from side

@JEETCH , 58%), 160 (BH-C

occur at m/evlé 3

3 7’

57%) and 41 (C 32%) .

(EE_C4H7I

This i1s in addi

16%)

chain fragmenta in the-molecular ion at m/e M-15

(M-CH;) and M-43 -CjH,) (see Scheme VI and ...ic I).
The mass spectra of the benzyl derivatives (29,

3, 35, 36, 39 andfﬁﬁ} also have a series of character-

analogous' to those found with 6-
131)

istic ions, whic

benzylamlnopurlnL (15) . - For example the spectrum

- of N6 -benzyladenosine (29) has peaks at m/e 1348 (BH-

IR

6.68), 106 (C.H.CH=NH,*, 468) and 91 (CH,"

Ce 5' 65 2 ! 7°7 !
tropyllium ion, 51%). The benzyl derivatives also give
rise to ion 9136) by extrusion of benzylamine from ion

= N ; \

BH with .accompanying transfer of a hydrogen’ to the purine

ring (see Scheme VI and Table II). The formycin deriva-

tive, 43, has the'tropyliium ion as its mass spectral

base peak, m/e 91 (C7H , 100%).

7

The spectrum of N -{(3- methyl 2- butenyl)formyc1n

(42) has previously been discussed by Hecht.13 ) Spectra



.
of/both 42 and 43 have high intensities of ion h and
very low intensities of ion BH due to the stablllty

138) ‘This stabllty is also

of the g—g glycosaglc bond.
evidenced by significant ions at Q—CSHé and h- CSHB’
in the spectruh of 42, in which side chain loss ‘from
these "glycosideﬂlihked fragmehts(g and h) occurs.: An
ion at m/e 2436 (g-ZHéO) is present in the spectrum of
43 but not in 42 and thus, this loss is nct general |
for formyc1n derlvatlves 138)
The 4SS spectra of the. 6-thio analogﬁes 47 and
48 are simiiar to that of 6-(3- methyl -2- butenyl)thlo—'

purine.¥37) Extrusion of an HS® ‘radlcal to glve ion

Y

X occurs from both the molecular ion and the BH ion
(see Scheme VII). Ion y, which corresponds to formal

S from BH, is apparently 51gn1f1cant only
137)

lohs of C4H6

efter loss of the sugar. Hecht has suggested this
ion as the 64methylpurine isomer‘whichhwould.insoibe :
a, rather complex 51ngle step or multlple step decomp051—
vtlon.h He quotes ev1dence for a smngle step fragmenta-

- tion in the observation of a peak\at m/e 85 (C4H68),f

which we also observe as a 10w intensity ion. A cyclic‘

process evolv1ng the 1-methyl isomer (ion y) plus thio-
-crotonaldehyde represents a plau51b1e pathway for the

formation of this ion (see Scheme VII). Remaining sig-
nificant ions correspond to the/;s;§; sugar and side’”‘

chain fragmentation pattefn%i For. example, the spectrum

P

" \
P )

-

41.



SCHEME VIT

) +‘ CHCH=CHCH=S

]

S
'R R'  xm/é(rel.int.) y,m/e(rel.int.)
47° H. CgHgO, 319 (5.%%) _
H -~ H - 187 (84%) © 134 (38%)
48 NH,  CgHgO, 334 (128) &
NH, H . 202 (160%) - 149 (21%)

of .47 has peaks -at m/e 352 (M 13%), 263 (d, 2.4%), 249

M(h 1. 8%), 220 (=§, 22%), 152 (BH céhhq 4. 4%) and 41

(c, 5 , 100%) .

Nuclear magnetic resonance. (nmr) spectroscopy
- . ?

';‘; =,

42
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,wWas also useful for characterization of the compounds
: S g )

prepared and clearly indicated the major structural

features ofleach compound. Thé‘ln nmr spectra were
©all fun . (CD3)ZSO~D20 ﬁixed solveht, thus e}iminating

peaks due to exchangeable hydrogens.

The 3-methyl-2-butenyl derivatives (22, 32, éi'

4;1,’§§, 42, 47 and 48) all showed a characteristic’

serieé of peaks due to the side chain. The methyl groups

both absorbed in the range § 1.68-1.75 andrabpeared - -
either ag a singlet or a pair of singlets. The methYlene'
group appeared in the range § 3.95-4115, a;though;it

\

was often obscured by resonances due to H or H and

=3 Bgrv
the methine‘group éppeared as a broadktriplef in the
i;&nge § 5.25-5.45 with a coupling constant ~ 6-7 Hz.
The benzyl derivatives (29, 33, 35, 36, 39, 40 and 43)
also géve characteristic peaks. Thus thé aromatic
hydrogens of the phenyl ring invariably appeared as a
broad singlet or hultiplet at 6~ 7.34 and the methylene
group gaveua;broad singlef at &~ 4.78. The singlet;' |
due tohgé and Hg of the purine baée,“and:also of Hy in

the formycin de;ivatives{ appeared in the range 8 8.20~
8.45 énd were generally separated by ~ 0.1—0:l5 ppm. The
only exégptions to this were tﬁe 6-thiopuriqe deniva&i%es |
(47 and 48) and the 9¥B-Q;arabinofuranoéyl derivati&és

(32 and_éé).v in'élhgz and Hg appear ét § 8.67 and ¢ 8.73,

:Xas at § 8.17. In 32

: respectively, whereas in 48, H

g -
. ! f 1
v “-1; R

4 . ! . ~
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H, and H8 appear as a single peak at § 8.20 and in 33
they also appear qulte close together at 6 8.27 and

6833/

- The methylated derivatives (37, -38, 39 .and 40)

Z

—— —

showed a characteristic singlet for the O-methyl group.
In both of the 2'-isomers (37 and 39) this appearedk
at 6 3.33, whereas in the 3'—1somers it was shifged
slightly downfleld (§ 3.43 for 38 and ¢§ 3. 47 for 40)..

This downfield shift of the 3'-0-methyl group relative

~~ .

to the 2'—1somer has been observed prev1ously in the
spectra of a number of 2'~- and 3‘—9—methyl purine

“nucleosides.127)

The deoxy nucleosides (34, 35 and 36)
shoWed a pair of nultiolets at relatiyely high field
for ‘the 2'- or 3'-methylene hydrOgens (see Table III).
Also, the 2'-deoxy derivatives (34 and 35) were readily
‘ distinguished from the 3'—isoner”(§§) by the splitting
| of the Hl' signai.~ In 34 and 35 Hl‘ appeared as a }

~ triplet whereas in 36.it was a doublet (see Table IV).

The 'chemical shifts of thie sugar hydrogens and

the coupling constants for 51' are recérded in Tables 11T

~and 1v, respectively. Some trends are apparent on in-
ispection of this data. - Most notabie is the greet
simiiarity'in the’ spectra of the sugar hydrogens for
pairs of compounds'differing”only inthe‘beseOSuhstituent
(;—methyle-butenYI or benzyl).' This indicates that‘ |

the nature of the base substituent, in these cases, does

44



TABLE TIIX

Chemical Shifts of Sugar Hydrogens

Shift of Hydrogen (S in ppm)

Structural
Compound Feature gl' EQ'(Z") E3i(3n) 54' »ES';B"
22 5.94  4.58 “4.15  ~4.15  3.63
29 RIBO 5.93 4.61 421 - 4.08 3.60
. A A g
; 32 6.29  ~4.15 ~4.15 ~3.7 " 3.7
33 ARABINO 6.36 4.2 42 386 3.72
34 b 6.36 2.33 446 3.95 3.63
2.75 o :
o |
35, 2"-DEOXY 6.38  2.30 4,45 3.96  3.62
2.70 - | .
36 '3'-DEOXY 5.90 © 4.61 . 1.95 440 3.60
2.29 - .
37 o . 6.03 4.4 ~4 .4 4.02 3.70
LN Y .
39 ZIOMETHYL 6 o7 4.2 442 4,02 3.70
38 : 5.92  4.77 4.12 3.88  3.64
' O~ .
40 SCOMETHYL - 5 6y 4.79 4.12 3.91  3.68
42 74,98 4.46 4.13 3,97 3.62
43 TORMICIN 543 453 . 4.15 3.97  3.65
47 . 6.02__  4.63 4. 24 4.00  3.69
© 48 . 6-THIO . 5.82 4.33 4.17 3.95 3.64

45
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47
not have any 51gn1f1cant effect on the chemical en-
v1ronment or conformatlon of the sugar re51dae The
position of the gl. resonance is dependant on both the
nature of the base aad of the neighbouring- 2'-sub-
stituent. ?huslih tﬁose adenine derivatives having
a Z‘thdroxyl group gig tdrthe 1'~-hydrogen (23,}32,
| l; signal appears.in the narrow -

range of § 5.90-5.94. However in the'arabino deriva-

36, 38 and 40)) the §

| tives (32 and 53) and the 2'-deoxy derivatives (34
and 35), which now ‘have a hydrogen at the 2'-posxtlon
cis to the 1 —hydrOgen, the Hl' signal is ehlfted T
downfleldwby ~ 0.35-0.45 ppm. Thisfshift is presuma-
bly due to the absence ef the shielding effect'of the

135,140) Distinct,

nelghbourlng c1s hydroxyl group.
although much smaller.(0.1-0.15 ppm), downfleld shlfts
are also observed in the spectra of the 2'-O—methyl

-

_ derivatives (37 and 39). The presencezof the C-C
glycosyl bond in the formycig dérivatives (42 and

43) is charaCté%ized by the marked upfield shift‘(
’obserVed for the El' sighal:‘ | )

The 52,"signal gene;allyvappears at about § 4:5;

4.6, exeept-in the case of the 2'-deoxyvderivatives'
discussed above. The most netabie exceptions are

the arabino‘derivafives, 32 and 33; where the 2'-
hydrogen, whichenow has the opposite cenfiguration,,
gives a‘eignal that is ifted‘upfield by ~ 0;4 ppm.

k3

. ! e
\ ~
o .
3 v



48

Slightvopfield shifts are also observed for the 2'-0-
methyl derivatives (37 apnd 39) and slight downfield
shifts for the 3'-0-methylisomers (38 and gg). Marked
 downfield shifts of the gé.zabsorption in the 2'-0-
methyl derivatives (37 and 39) causes the 32; and Hy,

" resonances to overlap in the spectra of these com-
VApounds. Slmllar downfleld shlfts of the H3. signal
‘were also observed in the 2f:deoxy derivatives (38 and
40) . The only anomalous shift observed for the absorp-
tions of the 4'- andls’,S";hydrogens occut with the
3'-deoxy derivative (36) in yhich the Hyo signal is

shifted by ~ 0.4 ppm downfleld from its usual p051tlon.

. ThlS effect ‘has been noted previously in comparlson

of the spectra of the 2'~ and 3! ~deoxy 1somers of for-

139) and again may be due to the-

.

myc1n “and formyc1n B
absence of the cis 3'—hydroxyl group and its resultlng
shleldlng effect.

The trends, noted aboye, in the chemical shifts
.of the sugar hydrogens are lnterestlng and may be of
some value in the characterlzatlon of other nucleo-
side derivatives. It is tempting to try to expla1n~thé
observed shifts in term5‘$f the”shielding or deshield-
ing effects\of the neig‘ Ouring'groups;_as has heen'

139, 140) ‘where

in the cgsee of the 1'- and 4'-hydrogens,
a vicinal cis hydroxyl group appears to have a signifi-

cantféhielding effect. The observed trends, however,



afe.not completely consistent and va:iations in the
conformation of the Sugar'ring,:as‘evidenced by the
variation of fhe El' coupling constants (see Table 1IV),
may be‘another important chtor in determihing’the

Chemical shifts of the sugar hydrogens.

49



EXPERIMENTAL

. A. . GENERAL - PROCEDURES

Melting,points were determined'on a Fischer-
Johns apparatus- and are uncorrected. Nuclear magnetlc
resonance (nmr) spectra were recorded on Varian A-60
or HA-100 spectrometers with Me4si as internal standard
in Me250;§6~—520 mixed soivent. Ultrav;olet (uv)

spectra were recorded on Cary 14 or 15 Spectrometers

" with solutions prepared by diluting a 1 ml sample of

an accurately ‘determined stock'solution in MeOH to 10

ml with MeOH, 0.1 N-HCl or 0. l N NaOH (freshly pre-

. pared) . Optlcal rotatlons were determinéd on a Perkln-

. Elmer Model‘14l polarimeter using a 10 cm, 1 ml micro-

cell. Mass spectra were ‘determined by the mass
spectrometry laboratory of this department on AEI MS-2
Or MS-9 instruments at 70 eV. Sample introduction

was via a direct probe at temperatures between 150 and
e

1230°cC, Elemental analyses were obtained by the micro-

analytical laboratory of ‘this department Thin layer

chromatOgraphy (tlc) was performed on Eastman Chromat-'

ogram sheets (silica gel No. 13181, ;ndlcator No. 6060)

- or on glass plates coated with Merck silica gel GF- 254

with sample observatlon under uv light (2537 A).

Preparative tlc was performed on glass plates coated

with Merck silica gel PF-254. The solvent used for tlc

was the upper phase of EtOAc——n—PrOH——H 0(4 l 2) unless

50



otherwise sta;ea. Ev;poratibns were carried out
using a thhler rotating evaporator with a Dry Ice
cooled Dewar condenser under asé&rator or oil pump
vacﬁum, aﬁ 40°C dr less.

‘All alkylation reactions were carried out in
roundlbottoméd fiasks protgpted from moisture by LW
Drierite drying‘tubes and were stirred magnetically.
Filtration b?,gravity wéé'émployed to avoid static
charge when hydrocarboh solvents were used.

E,E-DimethylfG}mamide (DMF) was dried prior to‘
use by distillation froﬁ P,05. Skellysolve 'B' was
purified by distillation. All other solvents were of
reagent grédé purity and were used without purifica-
tion. Linde 4A Molecular Sieves were dried in an
oven at 200°C. 9-B-D-Arabinofuranosyladenine (30)
was purchased from Pfanstlehl Laboratorles._ 3—Methy1—
2- butenyl bromlde was,_ purchased from Chemicals
Procurement Laboratories, Inc., and redistilled
immedigtely'prior to use. Benzyl bromide was purified

by distillation. -

51



B. SYNTHESES o _

| _ . | P
§6—(3—Methyl-2-butenyl)aden051ne [N"- (a7~

Isopentenyl)adenosine] (iPA) (gg)..

(a) With no acid acceptor added: ,iPA was pre-

pared from adenosine and 3-methyl-2-butenyl bromide

according to the procedures described by Grimm and

116) - © 69)

and by Robins et al.

Leonard Although these

authors report yields of iPA of 38% and 42.5% res-
pectively, Ehe.yields obtained in the present case
varied inkthe’range of 20-30%. In agreement with

60) / ! 118)

Martin and Reese, and Robins

Leonard et al.,

69) it was observed that the gl—alkylation

" et al.
/. ,
step proceeded to about 50-60% and then ceased. How-
ever, addition of acid acceptors to the alkylation
mixture was found to significantly ihcrease'the con-

version to the‘§1~alkylated product and resulted

in the isolation of higher yields of iPA.

(b) In the presence of 4A molecular sieves: To a

solution .of 1.96 g (7.5 mmoles) of adenosine in 40

~ ml of DMF was added 1.79 g (12.0 mmoles) of 3-methyl-

2—butenyl.br6hide and 15 g of Fisher type 4A moleéﬁlar

sieves. The mixture was stirred in the dark for 36
hrs. Tlc showed 80-90% conversion of adenosine to

the El-alkylated product. The mixture‘was~dilut¢d

52
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with 15 ml of 3 N NH4OH and 50 ml HZO’ to brlng the

pH to ~9 (pHydrlon paper), and was then refluxed for

1 hr. Perlodxc addltlons of 3 N NH4OH were made to

the reflux1ng mixture to keep the pH near 9. . Tlc showed
essentially complete conversion of the<§1- to the |
_6ua1kylated product. The mixture was filtered and the
-fllter pad washed well w1th H20 The filtrate (~200 ml)
was salted with 50 g of NaCl and the resultlng solutlon
was extracted with EtOAc (8 x 50 ml). The EtOAc extracts‘
were combined, dried over NaZSQ4 and the‘drying aoent

was flltered off. The filtrate was evaporated add

the light brown re31dua1 0il was crystallized from MeCN—
EtOH‘(B crops) to yield 1.41 g (58%) of crude 22.
Recrystallizatioq'of.this material from EtOH—MeCN yielded

0.98 g i4l%) of chromatographicaily pure 22: partial

mp. 138-141°, complete at 148-150°.

(c) In the presence -of Bacosi To a solution of 0.40 g

(1.5 mmoles) of adenosine in f-ml of 'DMF was added 0.32 g

(2.2 mﬁgie;) of 3*methyl 2—butenyl bromlde and 0.5 g

ot BaCO The mrxture was stlrred in the dark for 37 hrs.

3
' Tlc showed almost complete §}-a1kylatlon and the* mix-
ture was filtered through Celite. The filtrate was i
evaporated to low volume and’ diluted with 15 ml of
MeZNH——MeOH (1:1). ThlS solution was stirred for 2 hrs

1

when tlc showed completé conversion of the N -alkylated .

product and a ratio of 80-90% of 22 to 10-20% of ,



©.148°.

54

adenosine. The solution was evaporated to low volume,

diluted with 20 ml of HZO and extracted with EtOAc

(5 x 20 ml). The combined EtOAc extracts were washed
. o N ." ! {

‘with H,0 (2 x 20 ml) and the combined aqueous washes'f

2
were extracted with EtOAc (2 x 20 ml). The total

combined EtOAc extracts were dried over Na,SO,, the
drYing agent filtered and the filtrate evaporated. The

re51dual 011 was dlssolved in MeOH and the solution

-_evaporated to yield-0.37 g (74%) of chromatOgraphlcally

pure 22 as-a colourless solid. Recrystalllzatlon of

this material from MeCN—EtOH (3:1) gave 0.29 g (63%)

of 22 as colourless needles:;>mp 135—136°. A small

sample of .22 purified by preparative tlc on a silica

. gel plate and crystalllzed from the same solwent gave

i

23"

"needles of 22: mp 147-149°; [a]5” -65.4° (c 1, MeOH),
-71.5° (c 0.14, EtOH), [alZs, =78.1° (c'1, MeOH),

' -85° (c 0.14, EtOH); uv max (MeOH) 268 nm (e 18,100). - =

Anal. Calcd for C15H21N504 C( 53.72{ H, 6.31;

N, 20.89. Found: C, 53.79; H, 6.44; N, 20.68.

Numerous samples of 22, prepared by each of the

‘#'methods outlined above (not including preparatlve tlc
 purification), reéularly gave melting points in the

‘range 135-144° and tliesg 'samples cohsistently gave a

}

lowknitrogen analysgs."Previousiy reported melting

N

116)

points were 1: 118) 1a2-Ya30,%9) 145-147°,

69)

analysis of tné;é sdmples of



22 showed:a_?eak at m/e 403 which had an intedsity'
in the range;l-4% reiative to the parent peak for 22
at m/e’335. This‘peak is thought to betcauged by.an
1mpur1ty 1n 22 which c0nta1ns a séGOnd 3-methyl-2-
butenyl re51due. Repeated recrystalllzatlon from
MeCN—;EtOH did not remove this impurity peak and did
‘not consistantly reise the melting ﬁoint or give a

sample of 22 which was suitable for analysis. The

analytical sample of 22, which was-pdrified by pre-

. ‘parative tlc, did not show any observable peak at m/e

403 in its mass spectrum. Small samples of the

impurity material were obtained by column chromatog—."‘

iaphy and the properties of this matefial are described.

~in the Results and Discussion section.

56—(3¥Methyl-2-butenyl)-9—8—2—arabinofuranosyi—

édenoeine (32).

To a‘solution of 0.52 g (2.0 mmoles)LOf 9-p-
D-arablnofuranosyladenlne (30) in 10 ml of DMF was
added 0.45 g (3.0 mmole) of 3-methyl 2-butenyl bromlde
and 2,5 g of Fisher type 4A moleculdr sieves. \The' '
~ mixture was stirred in the dark for 19 hr and was then
diluted with 10 ml of ~3 N NH ,OH solution and 20 ml |
of H,y0 to br1ng the pH to ~10 0. The mixture was then'
refluxed for 1 hr with perlodlc addltlons of NH4OH~’~

solution to keep the pH in the range 9.0-10.5. The
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mixtuare Qas filtered mhroughﬂcélite and the“filtrate
was diluted with 30 ml- of H,0, salmed with loké of\
NaCl and éxtracfed with EtOAc (6 x 25 ml). The extracts
”were‘combined and drigd over'NaZSO4;’ The'drying agent
was filtered dff»and the filtrate was evaporated. The
reéulting sSyrup was c:ystallized from i—PrQH_to giQel
0.35 g (54%) of off-white material, mp_158;160°, Re-
crystailiéation‘of this product from i-PrOH—MeOH (7:3)
gave colourlesé‘flakes of 32, mp 160-161.5°. A sample
foryfnalySLS was recxystalllzed from MeCN—EtOH to
eliminate g-PrOH of solvation. Pure 32 had mp 161 5-
162°; [aigé +1.9° (c 1, MeOH); uv max;(Meoa) 266.5 ‘nm
(e 18 100) . | ‘

Anal Calcd for C,H,N.O c, 53l72- H; 6.31;

| 15821N5C 4
N, 20.89. Found: C, 53.91; H, 6. 0L; N, 20.61

T e

§6—(3-Mq§§yi-2—butenyl)—9—(2*@e9xy-8-g—e%zthro-;

pentofuranosyl)adenine'(2'—Deoxy—§6—(Az-isopentenyl)—

adenosine) ' (34).

rd

To a solutlon of 5. 02 g (20.0 mmoles) of 2'
deoxyaden051ne (10) 1n 100 ml of DMF was added 4. 47 g
(30.0 mmole) of 3-methy1~2<buteny1 bromlde and 25 g of
Fisher type 4 molecular sieves. The mxxture was
stlrred in the dark for 46 hrs and was then flltered
» through Celite." The fllter pad was. washed well w1th

DMF and the filtrate was evaporated to ~50 ml. The

i
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_fesulting golden/yellow solution was diluted with
200 ml of MezNH—~Me0ﬁ_(l;l)hand stirred magpetically,
After 4 hrs the solution was evaporated to low
volume, diluted with 200 ml of saturated NaCl solu-
tion and extracted with CHCly {3 x 100 ml). The
combined CHCl3 extracts were wéshea with HéO'(B X
100 ml) and dried over Na2S04. The drying agent was
filtered off and the flltrate was evaporated to
"yleld a yellow syrup of crude 34. The syrup was
dissolved ln a minimal vq}ume of CHCl3 and applled

| to a dry packed column (2“3 'x 74 cm, 300 g) of

Woelm alumina (deaqt;vated to géade III). The /
' 1

I‘\T . ) .
column was eluted with CHC13——MeOH (50;l)s Fractions

contéining gﬁ were combined, evaporated and dissolved

"in 200 ml of MéOH——HZO (1:3). This solution was
‘extracted with"Skellyso}ve B (1 x 100 ml) and with
EtOAc (5 x 100 ml) . The SkellySblve B extract con-

tained only coloured impurities and was' discarded.

The latter EtOac contained pure 34 and were set aside.

The first EtOAc extract contéined }i.COntaminéted
with minor impuritiés and was evaporated. The
1;51due was subjected to the above extractlon ‘pro-
cedure (omlttlng the Skellysolve B extraction) and
one furtger repetltlon of this procedure ylelded

EtOAc extracts contaxnlng only 34. The total EtOAc

'C.l

extracts were then comblned, evaporated and coevapo—

.
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rated w1th EtOH and then benzene to yield a syrup of.
pure gﬁ. Thls syrup was. dlssolved in a minimal
quantity of benzene contalnlng,EtOH t?/ggfectfsq;- )
ution and was freeze-dried at -78°. After 15 hr 1.75 g
_pf crystalline ssolid remdined in the fiask. This
.product wasnrecrystaliized'from acetone-cyclohexane -

(3 crops) to give 1.33 g (23%) of colourless neeQ'es

of 34: mp 106-109°; ta]gs -19.5° (c 1, MeOH) ; uv max .

95)

: N
(MeOH)’268 nm (e 18,900). (Repprted: mp 48-49°;

(a]p” =9.9° (c 0.8, EtOH)).
(4‘ ‘ - -
Anal. Calcd for C15H21N503 C, 56.41; H, 6.63;
N,l21;93. Found: C, 56.27; H, 6.93; N,“Fl.SQ.

§6—Benzyladenosinp (29) . '

- To a cooled solution; prepared by warming and
cooling, of 1.0 g (3;8 mmoles)  of -adenosine in 20 ml
- of DMF was added 1.92 g (11.0 mmoles) of benzyl
bromide and the solution was stirred at 40° for 48
hr.  The solutlon was then evaporated to ~1 ml and
this was added dropw1se to 100 ml of dry acetone
with vigorous stlrrlng. Dry Et,0 (200 ml) was_added
’jand the precipitate was collected by centrifugation.
This material was dissolved in 25 ml oereOH and
25‘inl ‘of MezNH——MeOH (1:1) wa,s‘ added. This solution
was stirred for 4 hr, evaporated and coevaporated wlth P

add1t10nal MeOH. The residue was“dlssolved in 25 ml



~N
-

of warm MeOH, HZO (150 ml) was added and the resultlng
solutlon was extracted with EtOAc (7 x 50 ml) ‘The
comblned EtOAc extracts were dried over Na2804 and the
drylng agent was filtered off. The flltrate was |
evaperated and'the:residue was;coevaporated twiéekwith
Etj:and then an additional time to a volume where

yStallization began. fhis mixturetwas allowed'toA
‘:'stand at 4° for 18 tr to' give 0.88 g (67%) of colout;
less grahules of 29, mp 167.5—168°. ‘A sample for
analysis was recrystallized from EtOH'to give crystals,
mp 186-187° with partial melting at 169-170°, fol-

‘lowed by resolidificatien: [alg8 -65.1° (c 1, MeOH);

uv max (MeOH) 270 nm (e 20,800), 266.5 nm (sh, e 20,500).

) mp 183°; [@12® -61.7° (c 0.227, 953

(Reported:
EtOH) ). o
Ana; Calcd for C17H19N504 C, 57.13; H, 5.36;

N, 19.60. Found: C, 56.98; H, 5.40; N, 19.85.

§6—Benzy1—94B—Q-arabinofuranosyladenine (33).

?e a solution ot 1.87 g (7.0-mmolee)fof 9-p-
Q-erabinofutanoé&ladenine (30) in 30 ml of DMF.wasl
added 3.13 g (21.0 mmoles) of benzyl hromide. The
resultihg~solution was stirred for 68 hr and was then
?vaperated-to a volume ~5 ml.. This solution was
added dropwise to 100 ml of vigorously stirted dty

acetone, and anhydroué Et20 (200 ml) was added to
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~ complete the precipitation. The preciﬁitate was
vallowed ﬁo settle overnight and the solvent was de-
canted off. The preéipitaﬁe was dissolved in 20 ml
of MeOH and 30 ml of MézNH:MeOH (1:1) was added.
This solution‘waS'stirredVB hr, evaporated to low Qolume
and diluted with EtOAc (25 ml) and H,0 (50 ml).
Crystallization occurred in ﬁhe EtOAc layer and the
organic phase containiné the_crystalline material

- was separated. The aqueous phase was extracted with
EtOAc (6 x 25 ml)‘and ali of thé‘organic extracfs -
(including that one containing crystalline material)
were combiﬁedrand evaporated. The residue was co-
evéporated twicé with EtOH and the resulting pale
yellow solid was crfétallized from EtOH to give;
1.72 g k69%) of colourless.need;es df.§§¢ mp 198.5-
199.5°. Recrystallizétion from EtOH yiél@ed an
analyéical'sampie which had the same melting poiht:
[a]lz)8 + 2.8° (c l; MeOHX; uv max (MeOH) 267 nm ’“{

(e 20,000).

L )"‘m.
Anal. Calcd for C17H19N504 C, 57‘13;¢%' 5036;

N, 19.60. Found: C, 57.39; H, 5.49; N, 19.51.

NG-Benzyl 9-(2~deoxy-B-D- erythro- pentofurnao—

L F

syl)adenlne:(EG-Benzyl-Z'—deoxyaden051ne) (35) .

To a solutlon of 2. 51 g (10.0 mmoles) of an-

hydrous 2! —deoxyaden081ne (10) in 50 ml of DMF was



added 3.60 g (20:6 mmoles) of benzyl bromide After
stlrrlng for 5 days the resultlng solutlon was evapo-
- rated to low volume and then diluted with 50 ml of
| MeZNH——MeOH (l 1). Thls SOlutlon was stirred for

_l hr and then .evaporated to low volume and dlluted
~with lOO ml of H,0. The resulting emulsion was

2

extracted with CHCly (5 x 50 ml). and the extracts
s ' N

were combined and dried over Na£§04 The drylng
.agent was flltered off and the flltrate was evapo-

. rated. The resulting syrup was dissolved inACHCl3

and the solution was made up to .100 ml with CHCl‘3

A 70 ml portlon of this solution.was evaporated and

the residue dlssolved in a mlmlmal volume of CHC13—~

MeOH (39:1). This solution was applied to a column’
(1.7 x 60 cm, 150 g) of Woelm alumina (deactlvated

| to: grade III) packed in CHC'l3 MeOH (39:1). | The
column was eluted with the same solvent and the
product containingfrao@§0ns were combined and evap-

oratéd to give 1.29 g (58%) of 35 as a colourless

so id foam Crystallization of thlS material from

- EtOH yielded 0.94 g (42%, based on l 76 g of startlng B

lg): mp 175.5-176.5°; [a]D, ~lB 3 (c 1, MeOH); uv
max (MeOH) 270 nm (¢ 21,800), 267 nm. (sh, € 21,600).

- Anal. Calcd for C17H19N503: C,‘SS;BL;VH,_S;GI;

N, 20.52. Found: - C, 60.15; H, 5.84; N, 20.80.

\u/ i
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§6-Benzyl-9—(3—deoxy—B-2-erythro-pentofurano—\A

syl)adeniné (EG-Benzyl—B'—deoxyadenosine) (36) .

To a solution of 0.905 g (3.6 mmoles) of 3'-

123) 1n 25 ml of DMF was added

deoxyadenosine (31)
12.5 g (7.2 mmoles) of benzyl bromlde After stlrring
for 6 days the resultlng solution was evaporated to

low volume and dlluted with 35 ml of MezNH——MeOH (1:1).
This solutlon wasvstlrred for 3 hr and then evaporated
to low volume, diluted with 200 ml of EtOAc and 100 ml

2
and the aqueous phase waé'extracted with a Turther

of H,0 was added. The organic phase was separated

-100 mi odetOAc. The combined organ}c phase was washed
with 75 ml of HZO dried over NayS0, and filtered.
The filt;ate was evaporated to the ooint of crystal-
iizéfion and then éliowed to stand at 4° for 14 hr.
Filtration gave 0.75 g.(65%) of colourless granuleo
of 36; mp 185~ 186° An analytical samee\was re-
crystalllzed from EtOH: mp 185~187°- [a]g8 -49.1°
(c l MeOH) ; uv max (MeOH) 271 nm (e 21,000), 267 nm
(sh, ¢ 20, 900) S \
Anal. Caled for C, H N.O: C, 59.81; H, 5.61;

17719°5°3°
N, 20.52. Found: Cy 59.97; H, 5.83; N, 20.27.

ﬁs—(3-Methyl-2-butenyl)-2'~Q—methyladenosine (37)

and EG-(3~M¢thy1—2;buteny1)-3‘¥Q—methy1adenosine’(gg).

To a stirred suspehéion“of 4.50 g (13.3 mmoles)



of N°-(3-methyl-2-butenyl)adenosine (22) in 150 ml

-3 M'solution of SnCl -2H20'in,MeOH127) was

2
slowly added a stock solut10nl41)

. of a 10
of,diézomethanelA
in l,Z-dimethoxyethane,(glyme) unti; the.solution
bec#me clear and a’ faint yellow/églour_persi§ted.(
Tlc (CHC13——MeOH, 95:5) showed monomethylation to
be complete. The solution Qas evaporated to leave
" a paie yellow solid foam which wasAdissolved in 30

ml of glyme—H,0 (L:1) by warming on the steam bath.

2
Upon cooling this solution, 2.76 g (59%) of the 3'-
isomer (38) containing traces of the 2'—isomer (37).
crystallized (mp 109-111°) and was filtered. This
material was b011ed w1th acetone and flltered hot -
through Cellte The filter pad was washed well
| with b0111ng acetone and the comblned flltrate was
* concentrated to about 20 ml and allowed to cool at.
4°, The préduct which c:ygtallized was recrystal-
lized ffom 10 mi of acetone to give l.§2 g (39%) of
colourless granuléé of 38, mp‘112.5;1l3.5° (powdered
and dried at 78° (0.1 mm) for 24 hr over P,0g and
Paraffin wax). '

The mothér liquoflfrom crystallization wés
evéporated'and the resulting solid.foam was dissolved
in 5 ml of EtOH——HZO (30:70). This solution was
applled to column (3.3 x 120 cm, 1000 ml) of Dowex

. *»

1~X2(OH ) (200—400 mesh) packed in EtOH——HZO (30:70) .



The’cblumn was eluted with the same solvent and 20 ml
fractions were collected at the rate of 1 ml/min.
Fractions 110—L89 were combined; evaporated and co-

evaporated with EtOH and CHCl, to give 1.44 g (31%)

3

of gl»as a solid foam. This material was dissolved in
75.ml of MeOH—H,0 (1:4) and the resulting solution
was extracted with Skellysolve B (2  x 40 ml) and

EtOAc (4 x 40 ml). The Skellysolve B extracts werek"

g

discarded and the EtOAc extracts were combined and

2
contained no visible slower migrating spots on tlc

washed with H,0 (2 x 50 ml). The organic phase now

and was set aside. The combined aqueous washes were
extracted with;EtOAc (2 x 50 ml) and the combined
organic phase waé back’wasﬁed with szv(SO'ml) and
then édded to the above EtOAc extracts. This com-
bined ‘solution was evaporated and thevfesidué was
dissolved in 25 ml of MeOH—H,0 (1:4) and extracted
with ﬁtzo {10 x 25 ml). - The first Et,0 extract was
'conﬂaminated_with a trace of faster migrating material
" on tlc.“ The additional Et20 extracts were combinegﬁ
dried ovgr”Nazso4y filtered, évaporated and coevépo—
vrated witﬁ benzené. ‘A benzene sOlutionwdf the oily
-residue was freeie-dried at -78° to give 0.48 g of
chromatographically pure gj: mp_47—6QF, completé at
85°; [a]§8 -168.32 {c 1, CHC1p): uv max - (MeOH) 268 nfn

(e 18,400).
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16 2375 4°
N, 20.05. Found: C, 54.98 H, 6.84; N, 19.86.

Anal. Calcd for C, H_.N_O C, 55.00; H, 6.63;

Fractlons 445-595 were combined, evaporated

//and coevaporated w1th EtOﬁ/and then CHCl, to give '

3
L .0728 g of 38 as a solid foam. This material was
‘  disso1ved‘in boiling acetone and filtered hot through
Celite. The filter pad was wéshed with.EtOH and the
combined filtrate was evaporated to a»solié residue |
whichﬁWas c;ystallized from acetong to give 0.13 g
(3%) of 38 (total yield of pure crystalline 38, 1.95 g
(42%)): nmp 113-114°; [ajgg -76.0° (c l,'MeOH); uv
max (MeOH) 268 nm (¢ 19,700). |
Anal. Calcd for CgHygNs04t C, 55.00; H, 6.63;
N, 20.05. Found: C, 54.71; H, 6.78; N, 20.00.

§6-Bénzy1~2'jg-methyladénosine (39) and 56—‘

Benzyl-3'-O-methyladenosine (40).

A stirred suspen51on of NG-Benzyladen051ne
(29) in 300 ml of a 1073 M solution of SnCl,*2H,0 in
MeOH was converted to a mixtﬁre'of 39 and 40 as des--
cribed above forvthe preparation of 37 aﬁd gg.‘ The
syrup which‘resulted after evéporation was dissolved
in 10 ml of EtOH—-H20 (3}7) and applied toﬁa colﬁmn‘
(3.3 x 130 ém, ~1100 ml) of Dowex 1-X2(OH ) (200-400

mesh) packed in the same solvent. The column was

Py



eluted initially with EtOH—H,0 (3:7, ~11 ¢) and 20 ml

2
fractions were collected at a rate of 1 ml/mih.
Fractions containiné pure 39 were combined, evapo-
rated and coevaporated with EtOH and”then'CHCI3 to

| yield 2.76 g (36%) of‘gg‘gs a pale yellow solid foam.
This material (7.4 mmole) was dissolved'in 6.5 ml of
EtOH and 16 ml of acetone and wésitreated with a
solution of 0.27 g (7.4 ﬁmoleS) of HCl gas in 3.2 ml
of EtOH‘and 16 ml of acetone. ‘Aﬁ additional 65 ml
offacetoﬁe was added and the mixture was alloﬁed to
stand at 4° for 15’h: to yield 2.37 g (28%) of®
crystalline'gg hydrochloride, mp 129-132°f A sample
for anlysis was recrystallized from dry EtOH——EtZO |

‘ contalnlng 0.37 equiv. of HCl to glve crystals with

28
D

(MeOH) 271 nm (¢ 20,100), 267 nm (sh, € 20,000),

mp 147 5-149.5°: [a)Z® -44.1° (c 1, MeOH); uv max
(NaOH)} 269.5 nm’(e'20 000) .

3 Anal Calcd for C18H21N504 HCl: . C, 53.00; H,
5.44; N, 17.17;-Cl, 8.69. Found: C, 52.89; H, 5.73;

N, 16.89; c1, 8.70. : L

Elution of tﬁé column was-continued and the

concentration of EtOH in the eluant was gradually in;.
creased (over a volume ~5 ¢) to EtOH—~H20 (8:2). The
74 fractlons follow1ng%the elutfgh of pure 39 were
comblned and evaporated to glve 0. 45 g (6%) of q1glx—
ture of 39 and 40 as a SOlld foam. The following

&

l§
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fractions containing pure 40 were combined, evaporated
and coevaporated with EtOH and CHCl3 to givé_4.50 g.
(58%) of a solid foam which was crystaliizéd from
acetone to fﬁeld 3.68 g (47%) of colourlessigranules
of 40: mp 141-142.5° (dried for 15 hr at 60° (0.1 mm)
over Péosvand Paraffin wax); [u]lz)8 -44;l°-kg 1, MeOH)}
uv max (MeOH) 271.5 nm (¢ 20,300). | |

" Anal. Calcd for C,H, N.O,: €, 58.21; H, 5.70;

| 18721 5%¢¢ :
N, 18.86. Found: C, 58.14; H, 5.63; N, 19.16.-

3~Methyl-2-butenylamine.

This was prééared from 3—methyl-2-butenyl bromide
in a similar manner to that used by Leonard et a1142)
. for the convgr51on of the Eftoluenesulphonate deriva-
tive of 3-methyl-3-butenyl alcoholvto 3-methyl-3-

butenylamine:

N- (3-Methyl-2-butenyl)phthalimide.

To a Suspensién of 18.5 g (100.0 mmole) of
potassium phthalimidein 100 ml of DMF was added 12.7 g
~(85.0 mmole) of Bfmethyl-Z-BUtenyl bromide and the
mi#ture was stirred for 20 hr at rcom'temperatﬁze:f//
»The’reéultiné clear golution was poured into 500 ml
of ice cold HZO'ansthe crystalline solid produced
was filtered and driedxon ﬁhe filter. Recrystalliza-
‘tion of this material from Skellysolve B yielded (2 |

L e

crops) 16.3“9 (89%)'of p;pddct as a colourless



crystalline solid: mp 100-102°; nmr (CbC13) § 7.72
(m, 4, aromatic H), 5.25 (¥, J -~ 7 Hz, 1, =CH-), 4.24
(a@, 3 ~ 7 Hz, 2, -CH,-), 1.70, 1.82 (s,.s, 6, C(CH3),).

3—Méthyi—2-butenylamine.

~

To a suspension of 14.0 g (65.0 mmole) of N-(3--
methyl 2- butenyl)phthallmlde in 250 ml MeOH was added
4.2 ml (70 mmole) of an g85% solution of hydrazlne hy-
drate. The mixture was heated under reflux for 3 hr
gnd the resulting clear solution was evaporated. The
. residue was dissolved in 300 ml of ice cold H,0 and
acidified to pH ~ 1.5 using concentrated HCl. The“
resulting thick white precipitate was filteredlthfough

Celite and the filf:ate was evaporated and coevaporated

with EtOH. The residue was dissolved in EtOH, filtered .

‘and the filtrate was made up to 100 ml with EtOH.

Thié golution. was cooled in an ic; bath and 900 ﬁl»of
Etzo was gradually added Suth stirring. Pale browom'
crjstalllne flakes wére filtered off and a seco;d v
crop was obtained by dilutﬁon of ‘the filtrate with a
further 1000534 of Etzo to glve a total of 6.5} g (81%)
of 3—met£yi Sabutenylamlne hydrochlorlde This material:
was recrystallized from EtQH——EtZO. us1ng the same
procedure as abové, to yieid 5.99 g (76%),,mp 188-196°
(dec.). A 5 0 g (41.1 mmole) portlon ‘of this ﬁaterial

was dlssolved in 20 ml of nzo ‘and cooled in an. 1ce

bath. ~To this solutlon was added a solutlon of 1.65 g
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~of NaOH 1in 20 ml of H,0 and the resulting solution was

extracted with Et,0 (2 x 40 ml). The combined‘organic

2

phase was dried over NaZSO4 and filtered. :The filtrate

was evaporated to remove solvent and the residual

liquid was dis;illed at reduced pressure to give 3-

Wmethyl—Z—buténylamine: bp 32-34°/36 mm; n25 1.4422.

D
143) - 25 ~.

(Reported: 5> 1.4420).

7-N- (3-Methyl-2-butenyl)amino-3-g-D-ribofurano-

sylpyrazolo[4,3§§]pyrimidine (ge-(Az—Isopentehyl)-

formycin) (42).

A solution of 0.80 g (2.8 mmole) of 7-Chloro- |
3 B D- rlbofuranosylpyrazolo[4 3- d]pyrlmldlne (41)144)
in 2.7 g (32 mmole) of 3*methyl—2-butenylamiﬁe was
stirred forVZ;S hf-ét room teméerature while pfo—
‘tected from moisture. The resulting solution was
'.poured'into 25 ml of ice cold 1 N NéOH and this sol-
ution was extracted with Et2O (5 x 20 ml) to remove

- excess amine. The organic'phase was -discarded and

ice was added to thé aqueous phase which was then
"cﬁutiqusly néutrali;ed to pH 6 (pHydrion paper)} with
E;é;ﬁcen£rated HC1, and extracted with EtOAc (15 x 20
 ml),' Thg combined organic phase was dried over.NaZSQ4(

filtered and evaporated. Tﬁe colourless solid resi-

due was dissolved in MeOH and filtered through Celite:



£

.. The filtrate was evaporated to give 0.73 g (77%) of

42 as a solid foam which was treéted‘wit

acetone and allowed to stand overnight.

- 20 ml Qf

Upon agita-

tion the product crystailized and two'crops of 42,

0.51 g (55%), mp 192-193° and 0.09 g (9%), mp 165-

N2

173°, were obtained.

A sample for analysis was re-.

crystallized from acetone——EtOH (2:1) to give colour~"

less crystals of 42:

122°); [a)}°

-55.6°
238.5 nm (¢ 16,000,
(e 11,700,
13,200), (HCl) 311,

19

6,600) .

« Anal. Calcd for C,.H..N_O

N, 20.89. Found:

' 6,300), shoulders 307,

14,000) ,

102) mp 120—

mp 193.5-195° (llt
(c 1, MeOH); uv max (MeOH) 296,

. 288 nm

e L e

(NaOH) 300, 243.5 nm (¢ 12,200,

301, 239 nm (e 16,500, 17,300,

15H,1Ng0,:  Co 53.72; H, 6.31;

~C, 53.44; H, 6.25; N, 21.09.

>7-N—Benzy1amino-349~D~ribbfuranosylpyrazolo-

143 d]pyrlmdme (N -Benzylform?cm (4‘%).

A solutlon of 0.50 g

(1.8 mmole) of (41)144)

in 5 ml of benzylamine was stlrred for 2.5 hr at

room temperature while protected from moisture.

v

The resulting solution was poured into 25 ml of, ice

0.

cold 1 N NéOH and this solution was extracted with

Et,

0.(5‘x 25 ml) to remove excess amine.

The organic

phase was diédarded and the aqueous. phase was acidified

70
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to pH 5 (pHydrion paper) with 1 N HCl solution *and.
extracted with EtOAc (10 x 50 ml).‘ The comblned
organic phase was dried over Na2804, filtéred and
evaporated. Coevaporation of the residue with EtOH

0
gave 0.52 g (B0%) of crude 43 as a yellow solid foam.

This méterial was dissolved in a mikimal vdlume}of ] v
MeOH and purified, by pieparative thin layer chroma-
tdgraphy on threé silica gel plates (18 x 18-cm).
After déve;opment the appropriate bands were re-
moved from the plates and the silica gel was washed
with MeOH (4 x 60 ml) to extract the product; The
extracts were combined, filtered fhrough Celitgland
eVaporated, The residue 5;5 di;solved‘in CHCl; con-
taining. a litﬁle’EtOH, filtered tﬁfough Celite and
thé clear filtrate was evaporated to give 0.44 g
(70%) of 43 as a colourless solid foam;  This
-material was dissolved in.]l ml of 2 N HC1 in EtOH  ;d///
and 0.34 g (50%) of 43°HC1 crystallizaed‘as colour-

- less granules, mp 206-209° (some decomposition).

w*

A sample for analysis was recrystallized from EtOﬁ—- C e

MeOH (contaihing 2.0 equiv. of HCl) to give fine
needles of 43 H?} mp 206-212°:(some decomposition) ;

[alg8 -28,8°. (c’O 5, MeOH); uv max (MeOH) 307, 297,

%
-289 (sH) and 239 nm (e 11 900, 14, ébo, 13,000 and
6‘800), (HCl) 301 and 291 nm (e 15,500 and 16, 100),

(NaOH) 365 and 243 nm (e 10, 7oo and 12,500) .




Anal. Calcd for C O,*HCl: cC, 51.84, H,

l7 l9 574

5.12; N, 17.79; Cl, 9.00. Found: C, 51.92; H, 5.31;

N, 17.49; c1, 9.21.

6—(3-Methyl—2—butényl)thio—9—B-E—ribofuranosyl-

purine (ﬁl)

To a solutlon of 1.50 g (5 3 mmole) of 6-
thlopurlne riboside (45) in 15 ml of DMF was added

1 g of anhydrous K2C03 and 0.82 g (5.5 mmole) of

‘3-methYl~2-butenyl bromide. The mixture was stirred ,

for 1 hr at room temperature and was then parti-
;\J/;ioned between H,0 (150 ml) and EtoAc (3 x 50 ml) .

The combined organlc phase was drled over Na2504,

flltered and the flltrate evaporated The residue

_ was partltloned between H,O (100 ml) and CHC1l., (2 x
2

3

50 ml) and the c0mb1ned organic phase ‘was dried-bver

MgSO4, filtered through Celite and the flltrate

evaporated to a volume of 30'ml. This solution was

added dropw1se to 400 ml of v1gorously stirred

Skellysolve B. The resultlng precxpltate was f11~

tered by gravity and dried at. 0.1 mm and room tempera—

'ture over P,0. and Paraffln wax to give 1. 56 g (82%)
\' ?f c010urless Solld 47: mp 72 -76°; [a] —52 e
Ty
\a\

(sh, € 20, 400), (HCl) 296 nm (s 18,300), (NaOH) 295

nm (e 18 700) . | Y

“yaff(c 1, MeOH). uv max (MeOH) 292 nm (¢ 20, 900), 287 nm

o - “
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Anal. Calcd for- C15H20N4O4S cC, 51,20; H,
5.71; N, 15.90; s, 9.09. Found: C, 50.91; H, 5.66;

N, 16.05; s, 8.83.

2~Amino—6-(3—methyl—2—butenyl)thio49—8—2—

ribofuranosylpurine (§6—(3-Methyl;2—butenyl)—6—thio;

guanosine) (48).

To-a solution of 1.50 g (5.0 mmole) of, 6-thio-

'guanosinev(gé) in 15 ml of DMF was added 1.5 g of

anhydrous KéCO3 and 0.76 g (5.1 mmole) of_3fmethy1—2-
butenyl bromide. The resulring mixture was stirred
for 1 hr.at room temperature and was then partitioned
between sz (150 mi) and EtOAc 6 x 50 ml). ' The

combined organic phase was dried over Na2504, fil-

\tered and—evaporated The residue was partitioned

between HZO (100 ml) and CHCl3 (4 x 50 ml) ¢ Gel
formation occurred in the~ flrst extfact and this was
dissolved by warming and diluting with EtOAc.' The

combined organic phase was then dried over Mgso,,

filtered through Celite, evaporated and coevaporated

‘with CHC13;"The residual syrup was dissolved in
' ' —~

30 ml of CHCl, and added dropwise to 400 ml of vigor-

“ —

’ously'Stirred SkellysolvevBQ The resulting pre-

) c1p1tate was flltered by grav1ty and dried at room

temperature and 0.1 mm ovbr P205 and Paraffin wax to
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give 1.85 g (85%) of 48 as a powder. Dissolution of
this matérial in 30 ml of CHCl3 and reprecipitation

into 400 ml of Skellysolve B yielded 1.65 g (76%) of
48: mp 87-92°; [a]§8'-4551° (c 1, MeOH); uv max

e .
(MeOH) 248 nm (¢ 14;600), 303 nm (e 13,300), (HC1)

250 nm (c- 9,200), 327 nm (¢ 11,700), (NaOH) 248 nm
(€ 12,200), 313.5 (¢ 13,300).

Anal. Calcd for C15H21N504S: C, 49.05; H, 5.76;
N, 19.09; S, 8.74. Found: C, 49.27; H, 5.52; N, 19.04;

S, 8.49.
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CHAPTER II

SYNTHESIS OF 2';DEOXYNUCLEOSIDES'AND

2 ~-DEOXYRIBOFURANOSIDES

INTRODUCTION

The synthesis of nucleosides by base-sugar

.coupling procedutes was pioneered by Fischer and

Helferichlﬁs) in 1914. Reaction of the silver salt

of theophylline Qith tetra-g—acetyl—a—géglucopyrqnosyl'
bromide;yielded a lecésylpurineﬂderivative which

was later shown to be 7rSubstitute§. Similgr re-

action with the silver salt of 2,8-dichloroadenine

(49) gave, after deacetylation, 2,8-dichloro-9-D-

glucopyrandsyladenine (50). Complete dehalogenation

of 50 yielded 3-B-D-glucopyranosyladenine (51), partial

dehalogenation followed by nitrous acid deamination
and treatment with alcoholic émmoqia gave 9-Bf2~
glucopyranbsylguaning (52) (see Scheme VIII).

&

Synthesis of the naturally eccurring purine

'ribonucleoéides was not achieved uhtil Todd And co-

| workerslg) devaloped the synthesis of-a suitable rlbo- ,

furanosyl hallde 1n 1948, Thus condensatlon of tri-

g-acetyl D-rlbofuranosyl chloride w1th 49 gave the

WZ 8-d1chloroaden051ne derlvatlve, 53. -Conversxon of

5? to adenoszne (6) and guanos1ne (7) was carrled out -

. P == O S
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SCHEME YIII

1 R= B-Q; Glucopyranosyl 52
R = -R-Ribofuranosyl 7

——

5
b

V' /} . € :
in nnalogous/fashion to that used by Fischer and

Helferich. /
‘ | Att mpts by Fischer.and‘Helferiéh to apply their: /o

!

/T o Spbofﬁélﬁﬁ);indicated that use of the silver salts of
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}¥/” o procedure/to pyrimidines failed. Work by Levene and
/ - S : S



'adenosine. Fox and cowdrkers

‘77
pyrimidipes resulted in O- rather than g—glycosylation.
Hilbeft and Johnson overcame this problem byithe
use of 2,4—dialkokypyrimidines. .Thus, condensation .
of:2;4—diéthoxypyrim;dine with tetra49—acegy1—2-
glucépyranosyl bromide afforded the nucleogide inter-
mediate 54. Treatment of gilwith meihanolic ‘Cl

| 1147) 2

yielded l—8-2—§1ucopyrénosyluracil (55) and

'ammonqusis‘of 54 using alcoholic>ammonia gave 1l-8-.

148)

D- glucopyranosyl cytldlne (56) . _Analogous re- .

actlons using tri-O- acetyl D- r1bofuranosyl bromlde ‘

gave the naturally occurring rlbonucle051de cytidine \

149)

(8), in low yield (see Scheme IX).

A number of modifications of these basic pro-

cedures have béen reported with improved results.

Davoll and Lo&ylso) demonstrated~thap monochloro-

mercury derivatives of certain purines could be
eﬁployed to greater ad?antage thag the corresponding
silver salts in the Fischer-Hélferiéh_proceduré.
Alsp, acylétion ofithe basic G-Sﬁino group of adeno-
sine allows the use of-thié derivative in condensa-
,tion":gaétions._'Thus, reaetion of the chlorqmercuri
detivaélve of 6-benzamidopﬁrine_ﬁith triQQ-icetyl—g-
ribofuranOSylfchibride, féllowed by deac?lation, gave

151) employed dlthymlnyl-

'mercury in a synthe51s of 9-g-D- rlbofuranosylthymlne. 

" They also noted that use of trl—o benzoyl- D—rlbo— B




.

halides and subsequent modlficatlons of the basic

. SCHEME IX

-

55 R: B-D-Glucopyranosyl 56
‘R,=ﬁj-ﬂ-”Ribofufanosyl 8

furanosyl chlorlde as thﬁ sugar component in the con- .-

densatlon reactlon gave better ylelds ‘than the
correspondlng bromo or tri-O-acetyl. derivatives.

Improved preparatlons of tr1 O-acyl- rLbofuranosyl ,

pfocedure have madé the sugar-base cbupling approach

‘the most -convenient and efficient synthetic route to"

tow ““x

naturally occurring ribonucleosides as well as a host
= ! ) ¥ibo _ ; - :
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- of analOgues_21'22:152-156)

Initial attempts to adapt this general ~approach
to the’synthesis of 2'—deokynucleosides were unsuccess-

ful due to the extreme lability of the poly-0O-acyl- 2—

+

deoxyglycosyl halldes Almost,51multaneously, two groups

157,158) ’

of workers dlscovered that by u31ng blOCklng

[y

T -
(A%

groups not normally employed, stable di-O-acyl-2-deoxy-
D- rlbofuranosyl chlorldes (58, 59 and 61) could be

157) prepa:ed 2'-deoxy-a and- 8-D-

obtained. Hoffer et gl
:ribofuranesylﬁhymine (60 and 13 respectiuelyf in good-
'yield by condensation o} the chloromercuri derivative
of thymine with gg or, 59. Anouerie mixtu;es of the

» 2'-deoxynuc1eosiée deriuatiyes of cytosﬁne; S—fiuoro;
uracil and S-fluofocytosine were a{sobqbtained in

157.159) 455 and FletcherS®)

an analogous manner.
cqndeused the chioromercuri derivatiue of 6-benzamido-
Tpurine‘with g;_ia give the’a and B anome;s‘df 2'-
deoxyadenosine xég and 10) .- éleo putaiﬁed was a small -
*  amount of a third 2'4déoiynuclep§ige“derivative which
'»Qee;tentatively-assigned %heietructure.2'-deo¥y—7-a-g-
;ibofuranoeyladeuine(gg) (See Scheme X). Following v,vJ
this’initialjwork, many reports of the sf&theses of
2'—deoxynuc1e051des and numerous aualoéues, by vaéspus
bas -sugar coupllng procedures, have appeared in the
;eture.lsp 174) | |

w_mmm“y"_ewwwf_;mmmef__f,_. T ey
In contrast_tO'thempreparationS'of ribonucleo- ‘

LUV
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SCHEME X

n

"~ 58 R=pCIGH,CO~-

29 R=ECH3C§H4CQ— o B B-—anomer
~ o R - 80 a-—anomer




sides; which generally give rise to a single anomeric
product, 2'—deoxynuclepéide syntheses almost invariably

yield mixtures of both o and B anomers. Baker and

7 coworkersl75) noted that cendénsation reactions of gly-

cosyl halides havxng a 2-acyl substltuent with metal

33

salts of purine or pyrlmldlne bases gave nucle051dlc
products having only the g—l —C-2"' trans conflguratlon.

Thls has been expla1ned175’l76)

in_terms of neighbour—
ing group part1c1pat10n by the 2-acyl group of the
glycosyl halldeﬂ In the absence of the»2—acyl substit-
uent no steric coatrol of the reaction is 'in effect

and anomeric mixtures are produced ‘This situation

~ has ;eén used to advantage by Khorana and coworkersl77)
who utilized S-beenzoyl—Z,3—g—ca;bonyl—2—:1bofuranosyl
bromide, a éugar deriyativé not-hav{ng a .participating
giohp at C2, in a&syntheéis of the a-D-isomer of |
adenosine (which was separatad from the simﬁfﬁaneousl§_

178)

‘7fo£med's—anoﬁer). Kotick et gl,, studied modified

. Hilbert-Johnson condensations of a'number of bis-tri-
methylsilyluracil-derivatives using Fhé pure a—anomer
of 58 and were able to con;rol the anomeric ratio in the

-products to an apprec1able\extent. Reaction, ﬁnder
@ .

condltlons in which the trlmethylsllyl chloride pro-v

dgced during the.react;on was azaptrop;cally removed,
yielded the g-anomer as the p:edominant.prodﬁct;%\Con-

versly, addition-of triméthylsilyl chloride to the

RS [P RN B I R el IR
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uthymlne These workers showed

82

reaction mlxture gave predominant qg- anomer formation.
odlflcatlon of preformed ribonucleosides is
i

another technlque that has been used 1n the synthe51s

of deoxynucle051des However the 2'—deoxy,1somers

'are.usually the most difficult to obtain-and techniques

that. have been developed for their~synthesis are not

generally applicable. The,first reported synthesis of

179)

a 2'—deoxynucleoside was by Brown et al. They

1f?nd that treatment of 5'-0- ~acetyl- 2-_0-B-toluene— |

sulphonylurldlne with sodlum 1odrde ylelded the 2'-iodo

,derlvatlveu Subsequent hydrogenation and deacetyla-

tion gave 2'-deoxyur1d1ne and thymldlne was also pre-

fparedrﬁr an analbgous manner from 9-8- D- rlbofuranosyl—

180) that the halogena-

tlon reactlon went via an 02,2'-anhydropyr1m1d1ne

81)

derivative and Fox and coworkers suBsequently

.reported high yleld syntheses of 2'—halopyr1m1d1ne

nucleosides from 02,2'-anhydropyr1m1d1nes

1

Holy182 183 184) has employed 0O ,2'-anhydropyr1m1d1ne"

nucleosides, prepared by the elegant procedure developed

185) ’

by Sanchez and Orgel in. syntheses of numerous

»

2'-halo and 2'-deoxypyr1m1d1ne nucle051des. Recently

‘PonplpOm and Hane551an 186) have reported a fac1l

.’synthesis ‘of 2(’5 dlbromourldlne by treatment of‘2' 3' 3 .

0- benzylldeneurldlne w1th N bromOsucclnlmlde._ This

: reac&don aga%n‘proceeds v1a‘the Q2,2'fanhydr0\derivative-



and the product is readily converted into 2'-deoxy-
uridine. | ‘
'Entry into 2'-halo ané 2'-deoxy purinevnucleo-
side derivatives is more difficult. Ikehara and
Tada187) have reported the sYnthesis of 8,2'- and
8,3'-anhydro-8—merceptoadenosine derivatives Raney
nickel desulphurlzatlon of these compounds ylelded |
2 —-and 3'-deoxyaden051ne, respectlvely sBoth Robins

and coWorkerslz3rl88)

-and Moffat‘andfcowerkefélsg)

have pfepared 2'¥ and 3'—halespurihe nucleosides. |
(which can be reduced to the deoxynhe}eosides)‘gigf
2',3'-acetoxonium ion‘intermediatesz However, the ‘
~2'—halo derivatives are generaily only minoé.productsr
E;tensive work by Geoamah and eoworkerslgo'lgl'lgz)
“led to a synthesxs of 2'-deoxyaden051ne from 3}-deoxy-
3'-ethy1th10 9-8- D—xylofuranosyladenlne. Mlgratlon'
yyof the 3'-ethylth10 residue to the 2'-POSitlon, via a
2’ ,3'-eplsulphon1um ion, ylelded a-2'-ethylthio-3'-
ichloro derivative.; Hydrolys1s and subsequent desulphur-
i?lzatlon gave mixtures of 2'- and 3'-deoxyaden051ne
w1th the 2'-1somer predomlnatlng. In later work |

193)

f‘ Goodm;n*et al utlllzed alkyl 1- thlo- -D-arablno—

furan051de derlvatlves in syntheses of 2'-alkylth10
purine nucleos;des. This woxk will be descrlbed in
+ greater detail in the Results and Discussion section

of this chapter.
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procedures .in the preparétion of methyl furanosides-

’ salt as . catalyst or. ac1d aCceptor.

Z—DeoxyleCOSidés of simple alcohdls are often

N ;

prepared by’ dlssolutlon of. the 2'—deoxy sugar In

alcohol containing acid. 194,195,196) This me;hod . o
éan, depenaing.OA the;temperatﬁ;e, concentration of

acid and naturé Of thesugar"ﬁééangive rise to both
furanoside ahd pyranoside prodﬁéts, usually as mixtures

157) and Ness et a1197)

of aﬂand g anomers. Hoffex et al
prepared methy} 2—deoxy—£—ribofuranosideuas an anomerlc
mixtu£e in thié ﬁanﬁer.‘ The o and 8 anomers were .
Separaﬁed by fractional crystallization as their p-
chlorobenzoyl, p-methylbenzoyl or 2~n1trobenzoy1 esters

4

Zorbach and coworkers I8, 199? have used similar

of some 2-deoxyhexose sugars.

The preparationVOQ‘2-deoxyglyCQsides derived

g

from ﬁore complex aglycones is generally carried out

by condensation of the. aglycone with 2-deoxyglycosyl'

halide derivaiives, often in the presence of a metal
196) This type of

proceduré7is commonly. sed in the synthesis of 2'-

deoxy nucleosides, as outlined above. Zo;baéhygpq

COWOrkerszoo’201'202)1have prepared analogues |

cardiac élycbside digitoxiﬁ by COndensation of the

hydroxy-ster01d d1g1tox1gen1n with glycopyranosyl
hall&es derlved from a series of 2-deoxy sugars Plimv

and Sorm203)fprepared a symmetﬂlcal l 1'—dlsacchar1de

&
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195)

catalyst In a related reactlon, oxymercuratlon of

glycals in the presente of an alcohol followed by

"bsodlum borohydrlde reductlon of the resultlng 2—mercur13

206)

glyc051de, Yyields 51m11ar products However, ex-'

tension of these procedures to syntheses in the furano—

207,208) "

,51de serles-has<so\far been unsuccessful / Rlng

' fopening'reaotions Of‘anometicallylpute 2;3éanhydro—

glycosides can be used in thetpreparation of 2- and 3-

195)

_deoxyglgposides. This procedure and the glycal

me thod have both been utilized in the synthe51s of
methyl pyran051de derlvatlves of sugars found in ‘the

209) ‘In, reactlons of 2 3- anhydro-

_cardlac glyc051des
pentofuranosmde derlvatlves the ratlo of 2- to 3—-

substltuted products is dependent on the conflguretion
nofithe a;?lycone anddih'sone.cases the 3-isomers are

- the only'observeble.products,zlo-z;z)

' 86
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RESULTS AND DISCUSSION
‘ ) g

The object of the work descrlbed below was -
»'the development of a st reOSpec1f1c synthe81s of B~
2'7deoxynucle051des.. l,2fAnhydro sugars,have-been
}used_for the stereosPecific.synthesis of)glycosides
having a C-1—C-2 trans conflguratlon.2¥3) "Re-
cently the 1ntermed1acy of a l 2~ anhydrorlbofuranose
derlvat;ve (64) was postulated in the preparatlon of a
_‘a number of B—L r1bonuc1e051des (65)21 ) (see Scheme
"xI), We had v1suallzed u&lllzatlon of a 1, 2—ep1~ ;
sulphon1um 1on (67) in- the preparatlon of 2'-alkyl—
thio nucle081des in an analogous manner The route
env1saged 1nvolved preparatlon of an alkyl or aryl
1= tth -a- D-arab1nofuranos1de (66) sultably denlvatizedf-
for generatlon of the 1,2- eplsulphonlum 1on (67)
.Condensatlon with purlne or pyrlmldlne bases would then .
‘:‘yleld 2'-alkylthlo-rlbonucleos1des (68) hav1ng the B~
tanomerlc conflgurat}on (see Scheme XI) Sxmllar |
-‘reactlons w1th 81mple alcohols would be expected to
'yleld B glyc051des (69) Subsequent deSulphurlzatlon
_ and deblocking would convert these products (68 and 69)":'
-bb.lnto B 2" —dery nucleOS1des and 2—deoxy-8 D—rlbofurano-N
'.'slde derlvatlves, respectlvely o ‘ | | ' .,
| In 1959 Goodman and coworker5215) proposed the-*“

¥

f‘use qi a l 2 eplsulphoniumrlon 1ntermed1ate such as

o8y T



SCHEME XI B

B\.

X = leavmg group B | e
BH Purine or Pyrlmndme base .
Ry= Alkyt. or Aryl |

PQ Alkyl
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67 in 2'—deoxynucleoside sYntheses. They also re-

dported inltlal work" 1n the development of a precursorp
to 67 (66 R = benzoyl x = hydroxyl Rl -ethyl)."d
In a related paper, publlshed in 1971 after thlS work

| was commenced, these workers reported the synthe81s

of some 2'-alkythlo nuc1e081des us1ng compounds re-

| 193

employed 1nvolved conver31on of 66 to a- F-alkylthlo-
l—O-acetyl derlvatlwe (70), 1nvolvlng a l 2-migration
of ‘the alkylthlo group via the 1, Zieplsulphonlum ion -
j(67) : Chlorlnatlon of 70 at C-l followed by con-

‘densatlon w1th purlne bases ylelded\&/-alkylthlo
»

-nucle031des (71) as anomerlc mlxtures. In -one experi- _.

+
R4

" ‘ment (70 R = benzoyl) nucle051d1c products haw%ug ‘\

. SN\

only the B conflguratlon were obtalned However, no

~ attempt to convert these products lnto 2! -deoxy—a-'

7nucleoside5'was4reported Also ‘no reactlons of purlne f

or pyrlmldlne bases w1th the l 2—ep1sulphon1um 1on
:”precursor (66) were noted._t SRR .f:;., ,}U“'

e

<
“lated to 66 as 1ntermed1ates. However, the procedure‘
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A. . PREPARATION OF PHENYL AND BENZYL 3,5-DI-O-

'BENZYL~1-THIO-o~D-ARABINOFURANOSIDES .

Ih.order to obtain;precureors (66) for~the<
repisnlphonium'iOn intermediate"Ggywe chose 3, 5~ dl-.-
,O—substltuted =1l-thio-g-D- arablnofuran051de derlvatlves
'haV1ng an unsubstltuted 2-hydroxyl group (66 X'= OH)
'Sulphonylatlon of the 2- -hydroxyl: group would then

yleld the de51red,precursor (66, X = OSO R) : We*there-

. fore requlred an arablnofuranose der1vat1Ve select%vely

' ‘_furanose

f_substltuted at elther the 1 and 2- or: else the 3 and

.S-posrtlons. Goodman and coworkers had prev1ously

’

| prepared Segfbenzoyl 1 2-0—1sopropyl1dene—D—arab1no-l

15) and 1 3,5~ tr1 O benzoyl D-arablnofuranose 193)

1

_We chose 1, 2 0-1sopropyl1dene-D-arab1nofuranose (77)L .

'_whlch Was prepared u51ng a’ modrflcatlon of the pro-'

‘."'7cedure reported by lest et al 16) for the synthesis

‘f‘tof 5- O—Eftoluenesulphonyl 1, 2 0-lsopropy11dene-£~arab1no—'vj

'furanose.;»"['if~» _;f, 33" Fgu';»tft'e;'i”5'*7 | "},:'

-

’ Methyl D-arabinofuranoslde (72) was prepared by
| treatment of D-arablnose W1th a methanoi}c.solutlon of

E hydrogen chlorlde at room temperature as reported by
L

tyNess and Fletcher,2}7) The reactlon was quenched by

o

f'?the addltxon of 31lver carbonate, when the optlcal

: J\”:;I' S
rotatlon of the solution had reached a: maximum value.‘,_rfa o

”‘Under thehf condltlons, the formatlon of furanoside

. A"



-arablnopyran051des.

~ ring. lest et al

'veStigatioh»of thie reaotion reveaied tha§\
‘toluenesulphonyl substltuted products were

_well as 73, in a ratlo ~l 4, 5. respectl@e

l(74) and dlplvalylated products.: The ratlL of mono to
;-}d1p1valylatlon wasv~4 l as estlmated by comparlson B
lfieof the' O—methyl sxgnals 1n the nmr spectrum of the mlue-’h
"h*ture.' Attempts to 1mprove the select1v1ty of thlS re-

- actlon by varlation of temperature and solvent mlxtureg,

‘products (72) sﬂould be maxlmlzed relatlve to methyl'

218) Upon dlssolut304/of the re-

sultlng syrupy xg in acetOne, a small amount (4%) of -
jmethyleseg-afablnopyran031de_crystall;zed.. Thefre-§

maining crude_72 (95%) was used without-further.

pur1f1cat10n. .

-In” order to effect acetonetlon of 72 ‘at the

‘1 2-p051tlons, the S-hydroxyl group must flrst be

‘blocked SO - that the sugar 1s malntained 1n the furanose .>

\ 216)
accompllshed thls by selectlve

' xblocklng of the S-hydroxyl thh Eftoluenesulphonyl 'ff_ B

‘chlorlde}xn_pyrldlne‘to yleldhlgy(see-queqe XII). inf*‘;

i-0-p~

prmed as.

A more

'convenlent procedure was deV1sed 1nv°1v1ng acylatlon '

.~'of the 5 hydroxyl groupY :

Initlal investlgitlons 1nd1cated that 72 could be:
Lo \ ’
acylated at 1ow temperaﬂure, by plvalyl ch10r1de 1n

- pyrldlne-methylene chloride or pyrldlne—THF to yield

/

':';a ml%ture of methyl 5_o-plva1y1—D-arab1nofuran051de 1w f’?b'

1Y

\ ,
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ngt

' eﬁhxlamlne or>1m1dazole were unsuccessful. However,

12 by passage through a column of a weakly b

. \
‘ pyrldrne—methylene chlorlde at 78 C. Complete

rproducts was achleved by a 91mp1e serles of llquld-df
;4IIQuld extractlons.\ In thls manner 74 was obta:med,w
| tfree from dlplvalylated materlal, 1n 63%iy1eld and a
:“;mixture of dlplvalylated products was lsolated in 18 A%

| ‘y\xeld

fderivative (73) was performed as descrlbed by les:.

by use of plvallc anhydrlde in place of plvalyl

. chlorrﬂe or, by replacement of pyrldlne w1th elther trl— |
] o

'reac:\on of 72 w1th only 0 5 equlvalents of plvalyl
~. chloride in pyrldlne-THF at —25°C gave an approxl- 0

mately 1:1 mlxture of 72 and 74 cOntalnlng very llttle

dlplvalylated.materlal‘ The mlxture of 72 and

cleanly separated by llquld llquld extractlon,’
pyrldlnlum hydrochlorlde was removed from unrea ted

sic
anion exchange resln. In thls manner 74 was obtalned

N3
1n 91% yleld, based on recovered 72, an ,contalned

less than 10% dlplvalﬁlated product Thls'hrocedu e_
- \; ’ ' . .

was, however, too tedlous for use in repeate_ large -

scale preparatlons of 74 In thls case 72 was'

acylated by l l egulvalents of plvalyl chlorlde 1\1_

e separatlon Of unreacted jb product 74 and dlpr&lYl ted

(/ feo

. B . .
& .

Acetonatlon of the S-O-pftoluenesulphonyl

'”“s'“et a1216) (see Scheme XII) Thus treatment of 73;ffh?"

93
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fessentlally quantitatlve yleld. Th;s product was

| // _ o \f

/ S | A

// - with a- solutlon of hydrogen cﬁlorlde in dry acetone -

vgave a mlxture of products from whlch the 1, 2—0-
llsopropylldene derlvatlve (75) ‘was 1solated in poor .
‘yleld by column chromatography Slmllar reactlon
w1th 74 gave 5 O~ p1valy1 l 2= O lsopropylldene D- ara--' | _ pp
}_blnofuranose (76) ' Column chromatography of the "‘“l
»crude reactlon product gave ‘76 as a syrup in ~60% -
.;Yleld. hls product contalned a small amount of an
1mpur1ty that mlgrated marglnally farther than 76 on
tlc. Crystalllzation of 16 depended on the amount
mof thls 1mpur1ty present and crystalllne Y1e1ds 1n
:the range of 35-45% were usually obtalned vThe:gpg'
'p051t10n of the*plvalﬁl group at C- -5 in 76 ‘was verl—
fled by nmr spectroscopy ' The spectrum of 76 in .
'1LDM80—96 dlsplayed a ?harp doublet at 6 5 50 whlch
y'dlsappeared upon D20 exchanQE. Thls peak can‘be .
p"a831gned to the 3-hydroxyl group whlch is coupled
'fto the C—3 hydrogen. An unsubstltuted S—hydroxyl

“’group would appear as a trlplet ‘due to coupllng Wlth

1y,1the two C-5 hydroqens. -‘fa{;.«ﬂ.';_g[ifij.a_‘ ”,fd:_j,f e

Deacylatlon of 76 by treatment w1th sodlum

e
-

g methoxrde in dry methanol proceeded smoothly to glve fr;tu

'“fjl 2—O-Lsopropyl1dene-D~arab1nofuranose (77) in

:”:pp‘charaoterized by its nmr spectrum 1n DZO whlch showei

4»‘f;singlets for the two methyl groups at 6 l 57 and l 76. ']'}‘



..The C 1 and C- -2 hydroqens appeared as a pair of
doublets at 6 6 21. and 4 89,-respect1vely, gach with

a coupllng constant of 3. 8 Hz. There was no observable
A\

deacylation reaction on the crude product obtained

- in the'preparationfof 76 were less suCCessful due .
"to dlfflcultles encountered 1n purlflcatlon,\and
:poor ylelds of-: 77 were obtalned In one experlment;
‘ desulphonylatlon of 75 was effected by photoly51s in.

219)

.methanollc ‘sodium methoxide.™ However, the crude

) reactlon product contalned a number of m1n0r lmpurltles

and crystalllne 17 was obtalned in. poor yleld - The:
';procedure requlred for thlS reactlon was not readlly
' amenable to large 5cale preparatlons of 1. i For this

reason, and also in view of the superlor results

Pa

"~iobta1ned w1th plvalylated derlvatlves, 1nvest1gatlon

of the use of E—toluenesulphonyl derlvatlves in the
vpreparatlon of 77 was fOt contlnued
The next stage in the reactlon sequence 1n-»»

volved blocklng the 3 and 5 hydroxyl groups. The

J'f_}benzyl blocklng group was chosen srnce 1t would be'

o ¢ ‘ B AL R
istable under the varlous reaction condltlons to bei"

)

o usedr but would be readlly removed by @ydrogenoly81s. |

s I~

:::'Addn.tion of a DMP solutlon of 77 to. a suSpensmn of
od%um hydrlde in DMF at 0°C ylelded a suspensxon of

f.glthe dlsodium salt ofﬂ77. A DMF solution of benzyl

' coupllng’petween gz and §3. Attempts to carry out the;

95




v ,\n - . a
o \ L 4
% ) o 96
V . "L v . q‘\ o ‘ .e .. » .
. bromide was added to this suspensionat 0°C topgive B
. ) . . . . - 5 o o~ B . -
3 S—di—O—benzylbl 2—O-isopropylidene~D-arabinoéiranose\<' “‘>

(78) which was 1solated as aﬁyellow syrup 1n quqntltatlve

yleld (see Scheme XIII). Temperature control was o

© SCHEME XIT

é
P C—— ,

77 M
| S | ‘k | } o PR ...222».
. Bn=CHsCHO— .

o N L P CHaCOH/
TMS.=.(CH3)3Si— SN D E
‘uimport%pt ‘ih thls reactlon.b At temperatures below Ll
! ~20°C formatlon of the dlsodlum salt was extremely

i ﬁslow,'whlle at temperatures much above O°C 51gn1f1— S )

 fcant orange colouratlon resulted No 1mpur1ty peaks

. 'f3w re observed in the nmr spectrum of product 78 and



" by the appearance of a broad 51ng1e€lat § 7.30

the 1ntroductlon of ‘the benzyl groups was evidenced
(aromatlc hydrogens) and a pair of 51nglets at 5 4. 54
and 4 56 (methylene groups) The mass spectrum of

78 showed a parent peak at m/e 370.1768-and also a

[y

'veryvlarge peak,at m/e &1h.correspondlngvto tropyl—

'lium ion, whiCh‘is derived from the beniyl subStituents.

p
]

All of the benzylated compounds subsequently studled e

' dlspfayed this 1arge tropylllum ion peak

o

Cgantltatlve removal of" the 1sopropy11dene j

_.groupJérom 78.was achleved by);c1d hydrolys1s u51ng >

‘<cond1tlons prev1ously employed by Goodman and cO—

15)

workef% in the deb‘ocklng of 3 S—dl-o benzoyl l 2-

,_0-1sopropy11dene D-a ablnofuranose.' Compound 79 was

lSOlu;ed as a chronat 'raphlcally homogenous syrup

in 97% yield - Tr1methylsrlylatlon of 79‘u51ng he&a-’

:Hw“fldlsllazane 1n dry benzene gave a dlsubstltuted

’-product, whose mass spectrum was compatlble with

’f'snructure 80 o 11,*']ﬂtiﬂp“-” -}]" fj"p.f

The flnal stage 19 the reactlon sequence 1n-f

BN

("f'volved 1ntroduct10n of the alkyl- or aryl tth groupNat }~”'“

*jthe 1~9031t10n of the sugar._ In the preparatlon of

'hi(83),‘Goodman and coworkers

";ethyl 3 S dl-o-benzoyl -1- thlo a-D arablnofuran051de

215)

6

f:rlnatlon of 3, 5= di-O-benzoyl-D-arablnose (81) and

'“condensatlon of the resultlng lrchloro derlvatlve (82)

e

achleved thls by chlo-‘f.*-'

97



~and 51m11ar reactlons performed in later work,

'jfchlorlde by mercaptlde in 85, would glve only the

'w1th sodlum ethylmercaptlde (see Scheme X1v). - In this,

193) thé

a-anomer (gg) was the"hlgth predomlnant product.

These workers explained this. result in termé of parti-

‘cipation by the'z—hydroxy1fgroup. . They suggested thats,

“undernthe influénce'of the'strongly'baéié‘mercaptide

&

~anlon, the a-anomer of chloro compound 82 reacté to

form a 1 2 anhydro lntermedlate, 84 . The B-anomer 85;“'

| hav1ng the C l——C 2 cis conflguratlon, is unable to
'form thleq 1ntermed1ate. Ring openlng of 84 by mercap—

B ‘tlde ion attack at C- 1, or 51mp1e Sn- 2 dlsplacement of

. . v . Lo . N sy . .
ro : Y . . e i : . i - §, E

- SCHEME XTIV
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;observed a-products. Inothe present'case,‘problems
‘were encountered in both stepsiof this reaction.
seqnence. | : |

In early experlments, chlorlnatlon was

effected by treatment of 79 w1th dry HCl in methylene

L}

'chlorlde over Drlerlte at 0 C as descrlbed by Goodman

215)

and coworkers The resultlng proauct, which was

assumed to be a mixture of the'anomerlc chlorldes

gg, was 1solated as a yellow syrup afterﬁflltratlon7

and repeated coevaporation with benzene or toluene

tofremove excess HCl. immediate cOndensatioKfof 86

with a suSpen31on of sodlum phenyl mercaptlde in dry
THF gave low conver51bn to the a-1- phenylthlo product'\

87 (see Scheme XV) Pure 87 was&lsolated in 24%

yield by colhmn chromatography. A 51mllar condensa- ,

tlon carrled out in the presence of a two fold’ excess\

of benzemethlol gave the anomerlc B~ product (88) in

19% yleld These. two produchs (87 and 88) mlgrated

1d1fferent1y on tlc and it was observed that each of
the above cohdensatlons gave malnly qne of the anomerlc

‘.products (87 or 88), dependlng on the condltlons

A551gnment of ‘the a and" B~conf1guratlons to 87 and 88

- was made on the basxs of thélr nmr spectra and optlcal K

I

»'_Arotatlons. The Hl 51gnai 1n the nmx . spectrum of the .
»pa—anomer (87) appeared as a broad smnglet at 8, 5 50

gExpan31on of thls peak gave a poorly resolved trlplet

B
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'SCHEME XY

[‘ : N

withfa.coupling“constant'of ~O'65‘H2;. In the B-anomer '

'_(88) the H," ‘signal appeared as a sharp doublet at

§ 5.42 with a coupllng constant of 3.0 Hz. The very

mall coupllng observed for Hl in 87 is con51stent .'

3

'1w1th the c- 1-—C 2 trans conflguratlon a551gned to thlS

220)
21)

compound Appllcatlon of Hudsons rules of iso-

to 87 and 88 glves the same a551gnments

‘and good qualltatlve agreement’ylth the speclflc rota—f”:
"tlons of other alkyl l thlo—D arablnofuranosldes 1sﬁf

‘observed (see Table V)

In v1ew of the poor ylelds encountered 1n the

fcombined chlorlnatlon-condensatlon reaction sequence,»

100



TZUBLEI V

Optlcal Rotatlons of Some l tth D—'

-A:ablnofuran081de Derlyatlves

‘

-

1~ Thio-D—arabino—

furanosiée derivative

Anomeric .

.Configuratibn

. Specific
Rotationa)

l

Reference

Phenyl 3, 5 di- 0—‘

benzyl (87)

~ |Phényl 3,5-di-0-

:'béhzyl (88)

Benzyl 3, S—dl—o—
| benzyl (92)

Ethyl's,s;aifg}
'benzpyl f

Ethyl S;Q;benzoyl _‘

Benzyll3,5—difg—
" benzoyl

'$_'
-

+189 5°

~118.5°
42650

©+159°

- 96.5°

o +249°

t

215

215

193 |

a’Recbtded'at.SSQVnm.:

101
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.and also of the unekpectedlpreferential formation of
the B;anomer Underhcertain conditions,'a‘more detailed
investlgation of the~reaction sequence_was'undertaken.
'ihe chlorination'reaction:(conveggion of'79 to”Bé)’ |
bcould not be assayed dlrectly by tlc as 86 was rapldly
hydrolyzed durlng-the chromatography. However, addl-»
tlon of 86 to a suspen91on of barlum carbonate in’
,methanol gave 1mmed1ate conver51on of 86 to the stable
B vmethyl glyc081de,-894' Thus, treatment of allquots of
‘.the chlorlnatxon reactlon 1n thlS manner and tlc of the oo
resultlng 89 was used to assay the formatlon of 86., It was

'found that conver51on of 79 to 86 was complete wlthxn

15 mlnutes. However, repeated evapo‘ tlon durlng the
work up procedure caused conversxon o- the maJorlty
-of the chloro product (86) to a materlal that mlgrated
h;sllghtly faster than 89 on tlc., Upon reactlon of
,_thls mlxture with sodlum phenyl mercaptlde, the re-
'f'malnlng 86 was converted to 87.v In one experlment, N
:‘after column chromatographlc 1solatlon of 87, contlnued

\

’f-elutlon of the column gave partlal separatlon of a

umber of by—products observed in. the reactlon. These
'iwere tentatlvely ldéntlfled as polysaccharldes on the ﬁ,
gba51s of thelr complex nmr spectra and the appearance l

11”:?_of unuSually hlgh’holecular welght fragment 1ons 1n |

dthhthelr mass spectra.. Also, the ultrav1olet spectra of

d'7;these by-products unlformly showed an absorptlon
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- maximum at 248 nm, which is characterlstlc of the
phenylthio substltuent. However, those by products '

eluting more slowly from the column had much reduced :
\

absorbances compared w1th that of 87. Thls would

’occur in hlgher molecular welght di- or trlsaccharldes

.,

'contalnlng only one phenylthlo re51due

The above observatlons mlght be ratlonallzed ‘
V

.1n the follow1ng manner ) 1f 1t is assumed that ‘the 1-

,chloro product 86 is hlghly reactlve,'self condensatlon

(

could take place to produce 1, 2'*11nked dlsaccharldes PR

o suchoas 90 durlng_cgncentratT\ngof solutions of gg (see

‘ Scheme XVI) Furtﬁ”' f'ndensation"cOuld leadvto.hiéher

wwpolysaccharldes and eventually reactlon thh sodxum
}phenylmercaptlde would glve the S-phenyl termlnated _f
'polysaccharlde products presumably observed. '
As mentloned above, when mlxtures of the;a
'presumed polysaccharlde ‘by- products and 86 from which™ .‘.dg,f
_5the majorlty of the hydrogen chlorlde had been removed,--?}
: by repeated evaporatlon, were condensed Wlth sodlum d A
'A;'phenyl mercaptlde the remalnlng 86 was converted Pre"}ﬂ;t
:hdomlnantly to the a-l-phenylthlo product (87) and onlyjlﬂ’d':
small amounts of the e-anonf? (88) were observed on
f:tlc.f In contrast. when the condensatlons were carrled;:djih
‘-}out in the presence of excess benzenZthloi the re-:' -

vmaining 86 was converted malnly to the B-product (88)

":fThls is con51stant w1th the assumptlon that the 1- {1.. f.f

“_o.'



SCHEME XVI~

”f'chloro sugar (86) that remalns after repeated evapora- B

|-
gtlon 1s largely the a-anomer (a-86, see Scheme XVI)

':_Reactlon of a-86 w1th sodlum phenylmercaptlde, 1n the

'fahsence of benzenethlol, could proceed v1a the l 2-

Aih;anhydro 1ntermed1ate (91) to glve the a-anomer (87)
'erﬁfAlternatlvely, in the presence of the ec1d1c excess
| *Q_.benzenethiol (whzch 1s completely soluble in- THF, in. |
iﬁ:contrast to the mercaptlde salt), 31mp1e S -2 dlsplace'ii~f::"n'“:.

' f;ment of chloride in. a-86 by th101 or mercaptlde:i;if‘;f“'
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-

( .of the sodlum phenylmercaptlde by excess ac1d present T

'”[use by treatment w1th barlum carbonate were unsuccess‘;Q

to yleld the B lxphenylthlo derlvatlve (88) could

[

'predomlnate.

In subsequent preparations,'solutions of-86

were not evaporated to dryness durlng ‘the work up

vprocedure In thls way little deCOmPOSltlon was |

observed, but solutlons of 86 remalned apprec1ably

acidic even after repeated dllut;on w1th and partlal

evaporatlon of large volumes of benzene. Reactlon
H

- of su solutlons of 86 with sodlum phenylmercaptlde,

‘gave malnly l—phenylthlo products (87 or 88) and

only small amounts of presumed polysaccharlde by- :

products.‘ Howeverq tlc comparlsons showed that the -

f_major product was lnvarlably the B anomer (88) and f
'-only minor. amounts of the de51red a-anomer (87) were’

- formed ThlS result could be due to neutrallzatlon

Vwand dlrect dlsplacement of the a-cthrO as dlscussed |

q'above.v Attemptigto neutrallze solutlons of 86 before

'qul and hydrolysis to 79 as well as polysaccharlde by-ff

jfproduct formatlon occurred

'eTj It Was considered that use of a. more strongly

*basxc mercaptlde derlvatlve maght enhance formatlon of

f;the postulated lntermedlate 1 2-anhydro derlvatlve (91)

£ 105

L and therefore glve better ylelds of uranomerlc products.:{“ |

T‘;pAccordingly, reactlon of F solutlon of chloro-sugar 86

/ LV B

A_.‘I
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with a!sd3pension of‘2'e§uiva1ents of sodium beﬁzyl—

. mercaptlde 1n THF gave benzyl 3 5- dl-@-benzyl ~1- th10-~

[»

—D arablnofuran051de (92) in- 70% yleld after column‘

S ‘ . &
/ |
9 . ..
(£ ———
‘chromatography~f This material was obtained-as-aﬁ
Vvanalytlcally pure SYIUP and the nmr Spectrum 1nd1cated SR %

- the presence of only one anomer. The hlgh p051t1ve_"
: rotat;bn observed (see Table V) was compatlble w1th

L .
a581gnment of the a—configuratlon to 92.,j;

b
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M‘_B. ’ REACTIONS OF”BENZYL AND PHENYL 3,5- DI O—BENZYL-

‘ 2 O—METHANESULPHONYL ~1=- THIO-a'D-ARABINOFURANOSIDE

In order'tOVihduee formationIOf“l 2-e§isolpﬁohium}

1on’1ntermed1atés such as 67 (Scheme XI), derived

from the I- tth derlvatlves 87 and 92, the 2 hydroxyl
' group of these compounds must be. . functionallzed to
‘-prov1de a. good leav1ng group Accordlngly, 87 ‘and 92 'ﬂ: :
| -_were treated w1th methansulphonyl chlorlde in pyrldlne f' o
at o to —5 C (see Schemi XVIL) : The 2—0—methane-h~‘
:sulphonyl derlvatlves (93 and 94) were obtained in
'aessentlally quantltatlve y161d.} The'i\benzylthlo
product (94) 'was apprec1ab1y more lablle than the 1—
| phenylthlo derlvatlve (93) and was, 1nvar1ably con- _'_

tamlnated w1th a trace of material that mlgrated

: more;slowly.on tlc, Both 93 and 94 gave good nmr

H:ftﬂﬁglg?.ffifa;-r:*”;kvt;_ SRl

B ReC— W RGp- S
92 R CeHscHz % R: CSH56H2—-*7 %L

Ms CH3802

............



P 108

spectra and were used 1mmed1ate1y in subsequent re--‘
actlons w1thout further pur1f1cat10n.< Introductlon.i
of the methanesulphonyl group was verlfled by

-1

the appearance of a band at 1182 cm ~ in the in-

frared Spectrum of 94. .
[ 4

Formatlon of 1,2- eplsulphonlum ion 1nter—
- medlates (95) from 93 or 94 via dlsglacement of
methanesulphonate by the trans thlo substltuent at
i C~1 is now possrble. Attack of a sultable nucleo—" _ ;_;: "
phlle at C—l of 95 could then produce 2= alkylthlo— “
’8~glycos1des, as dlscussed above. Prellmlnary |
1nvest1gatlons were carrled out w1th the l-phenylthlo'
derlvatlve (93) Treatment of 93 Wlth excess n-
propanol, 1n elther DMF or acetonitrlle as solvent
at 60°C, gave moderate conver31on to a product that
| gugrated faster than 93 on tlc. The mass sPectrum o
of this product was. con91stent wrth the formatlon I‘.
.’ of n—propyl glyccs1des (961and/or 97) Chromatog-}i_ri}»
hw?f raphy 1n a dlfferent solvent system revealed the -
presence of three major COmponents.r Preparatlve tlc( 'é;ff"
resolved 1someric n-Prole derivatlves whlch were "u iA' ';1F*55
tentatlvely ldentlfled as n—propyl 2-pheny1thlo--u’:l
3 S-di-O-henzyl 2~deoxy-8 and a-D-rlbofuran051de (96
”:’fh and 97, respectlvely) (see Scheme XVIII) The anomerlc

hydrogens of 97 and 96 gave rrse to doublets 1n the o

nmr spectra w1th coupllng constants of 4 75 Hz and {:.
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SCHEME XVIIT - o
Cmon OO S
CFRCN/BaCO; + %8

ety

D A Et-CH3CH2
R S n-Pr CH30H2CH2

T

-

2.3 Hz,‘respectlvely. The thlrd component, whlch was '

’1solated and 1dent1f1ed 1n a subsequent reactlon,  ,>

e had mass and nmr spectra conslstant w1th the 2—phenyl-"'

-f*thloglycal structure, 98.. A 31nglet at ) 6 88 in the jff
/o

4.{nmr spectrum of 98 was a551gned to the C l hydroqen'zf -

;fand 1xdlcated that the phenylthlo group was shlfted ;

PREN

':?e~to C—2 cOmpound 98 could arlse by‘deprotonatlon of

"tthe eplsulphonlum 1on, 95, at C 2 w1th concomlttant

';cleavage of the C-l——s bond. Formatlon of a related “ﬁfi

'flpyran051de 2- benzylthloglycal, v1a a 1 2-episulphon1um

»t,'lon, has been reported by Goodman and coworkers.;

193)
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-:above reactlon and the reactlon mlxture becomes

110

Methanesulphonlc ac1d is a by product in the

apprec1ably aCldlc. It was. pos51b1e that formatlon

of the a-anomer (97) resulted from an ac1d catalyzed

~anomerlzatlon of the 1n1t1ally formed B—anomer

(96) Add1t10n of barlum carbonate to such reactlons

i prevented accumulatlon of excess ac1d and gave'

‘2f[conver31on to a product that mlgrated faster than

'with ten equlvalents of ethanol in: acetonltrlle at.

‘,60°C 1n the presence of barlum carbonate gave\géod

,f94 on tlc.v Reactlon was cOmplete Wlthln 17 hours\

'_fyp'and preparatlve tlc gave a 73% yleld of syrupy ethylav‘

“r2-benzylthio-3 5-d1-o-benzyl° -deoxy—B—D-rmbo- o

.colourless reactlon products. When 93 was reacted

w1th ethanol in the presence of barlum carbonate, the

‘-B-glyc051de (99) and the g&ycal (98) were the '

observed major products. The correspondlng a-anomer :

of 99 was: not detected in this reactlon. -Thesé

L

. experlments 1nd1cated that stereOSpec1f1c synthe51s
of 2-phenylthlo 8 gly0031des was poss1ble by thlS L

?route.- Due to the difflcultles encountered in theo

preparatlon of the 1—phenylth10 derlvatlve (87), no'_y
further reactlons in thls serles were explored.'

Reactlon of the l-benzylthlo derlvatlve (94)

{

EVfuranoside (101) f Slmllar reactions with methanol

.‘-}pand 1so-propanol gave the methyl and 1so-propyl B D-' 1»“?



( S m
gly0051des (100 and 102) in 80.5 and 73% ylelds,
. respcctlvely (see Scheme XIX) In each case a minor
. product was observed in the reactlons whlch mlgrated
. marglnally faster than the glyc051d1c products on

'tlc.~ In one instance thlS produ t was 1solated in
~l% yleld and was subsequently {?entlfled as. the

- 2- benzylthloglycal (103) N : . o -

: SCHEME XIX

_5 R- Me S
s 1_5 R=Et
108 R-:Pr

| ' C e E NOsz = ENO C6H4CO-
J:Pr—(CH3)ZCH--I_-_‘A / Rt e



“lrhsmall coupling constants observed for Hl 1n the nmr

< . . X.'
The nmr spectra‘of-100-102'were sharply'definedwh
-and 1nd1cated that these glycosrdlc products were"t

anomerlcally pure. Introductlon of the aglycone (methyl,

\‘.ethyl or 1so-propyl) was ev1dent from the appearance of

x”characterlstlc srgnals for these sﬁbstltuents and loss .

of the mesyl function (srnglet at § ~2 8) ‘was apparent.

' The p051t10n of the benzylthro substltuent at C—2 was

ilndlcated by the marked (~ 0 8 ppm) upfleld Shlft of

the srgnal ass1gned to the c-2 hydrogen. The C 1
-hydrogen of 100, 101 and 102 appeared as a doublet at

.'_6 4.96, S 08 and S 22 hevrng coupllng constants of 2. 8,v{
'3 2.and 3 5 Hz, respectrvely The mass spectrum of

- 100, 101 and 102 each contalned a low 1ntensrty parent
Elon whose exact mass corresp0nded to 1ntroductlon of
Vthe respectlve methyl, ethyl or 1so-propy1 aglycone.

‘Also present 1n each spectrum was a moderate 1ntensrty

peak at m/e 418. Thls peak Wthh corresponds to the parent_

'1on mlnus the protonated C—l substltuent was unlformly

_observed in the spectra of all 2—benzylth10 derlvatlves

' prepared A correspondlng peak at . m/e 404 was also

"7(96 97 and 99). 'xf

The anomerlc conflguratlon of the 2- benzylthlo -
fhig1y0051des was somewhat uncertaln. The relatlvely

|

Hcspectra are suhgestlve of the B-conflguratldh,zzq) b t

~

observed 1n the spectra of the Zﬁphenylthlo der1vat1Ves o

112 «
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the a—conﬁiguration cannot be ruled out. fhe specific
‘lrotations of 100, 101 and-102 Vrecorded at the sodlum
%iub—line were +57°, +41.5° and +41.9°, respectlvely
égese values are.suggestlve of the a- conflguratlon,zzl)
jﬁbut conc1u51ons are tenuous in the absence of the .
?@gpposate anomer for comparlson Conclu51ve proof that
# 100 101 and 102 have the B-configuration was obtalned
’ by conver51on to known derlvatlves of 2~ deoxy 8- D-
t;rxthro pentofuran051de (2- deoxy B -D- rlbofuran051de)
Complete desulphurlzatlon w1th concomltant
debenzylatlon was aChleved by heatlng 100, 101 or 102
w1th an 11 to 16 fold excess of Raney Nlckel in. re-_
@ _fluxxng ethanol (see Scheme XIX) 'Rapld and essen— PR

'tlally quantitative conver51on to the alkyl 2- deoxy-

B~ Dfrlbofuranos1des occurred and 104 105 and 106 were

1solated 1n 99 93 and 100% ylelds, reSpectlvely |

These crude products contalned less than 5%- of materlal
,'whlch was 1ncompletely debenzylated. The nmr spectra
Vln DMSO 96 showed loss of all three benzyl re81dues

and the appearance of a doublet and trlplet Whlch )
dlsappeared after Dzo exchange, conflrmed w@'?presence
‘ of the 3 and - 5 hydroxyl groups. Desulphurlzatlon to- t.

glve the 2= deoxy derlvatlves was ev1denced by the _d
-appearance of characterlstlc multlplets at &A~l 9 forA

the two C-2 hydrogens and also by the appearance of the ;"'
__;fa resonance as a doublét of doublets (104 and- 105)
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or adtriplet (106) due to coupiing\With the C-2

hydrogens. . "}
N : .

-

Thé ethyl 2~deoxyg1yc051de (105) had [a]
‘ ?63 7° - Thls is in contrast to the value ([a]20 | .'~‘ 4
}.48 8 ) reportedzzz} for the o= anomer of 105 whlch |
’ suppOrts the 8 glycosyl conflguratlon of 105 and
rtherefore also of 101 The methyl and 1so-propy1 2- B

deoxyglycosldes (104 and 106) were converted to thelr

- crystalllne 3,5~ dl—O p—nltrobenzoyl derlvatlves (107

f and»108) The meltlng p01nts and optlcal rotatlons -

observed for these compounds were in excellent agree-
- ment (see Experlmental Sectlonlaifth those reported

197) for B-anomers prepared from 2-

by Ness et al
. deoxy- D rlbose, -and therefore the R- donfl uratlon of

'the glyc051des 100 102, 104 and 106 1s conclu51vely

*'demonstrated - The above condensatlon and desulphurlza-
| tlon procedure represents a 31mple, relatlvely effi- -

_c1ent and stereospeg;flc synthe51s of alkyl 2—deoxy—B- e

_jD-riBofuran051des in two steps from benzyl 2-O—methane- l'f;__V'f

i.HSU1Ph°pY1 =3, 5-d1-0-benzy1 l th10-a-D-arab1nofuranosrde ,‘
| Hav1ng shown that steneospeclflc attack of a
;nucleophlle at C—l of the eplsulphonlum 1on 1nter—‘?h

' fmedxate (95b) was pOSSlble, exten810n of thlS type of ;'
-Vreactlon to the synthe51s of 2'-deoxy nucleosldes was fﬁf

. R
‘ explored.-;Reactlon.of gg,w;th_2P4-grb1s(trlmethylfg

L arsnd otk TS Y U S
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51lyl)thym1ne 1n acetOnltrlle or toluene gave Very

low conver51on to a. product which 'had uv spectra con-

sistant with those of a thymlne nuc1e051de The

major product of this reactlon was the glycal 103.

-ﬁiThe reactlon of 94 w1th 6 chloropurlne was much more

.'prom1s1ng | | ’

: Treatment.oflgi,with 2 equivalents_of 63'

- chloropurine.in acetonitriie at 609clgave moderateﬂ

conversionfto the_nucleosidic produdgg‘lgg_and'llg‘:‘;5

as. well és;the ZebenZylthiovglycal.(lgg)fand a sugar

~ hydrolysils product (111) (see Scheme XX). . The re-
'aCtion wasfcarried‘out"uSiné"barium carbonatevas an

‘_ acidmacceptor} Unreacted 6-chloropur1ne was removed

:by extractlon 1nto saturated sodlum blcarﬁonate solu-

'tlon and the remalnlng c0mp1ex mlxture of products

-.:was separated by a. comblnatlon of column chromatography h

-and. preparatlve tlc.. In thls manner,’the 9 and 7-

h*'nglycosyl purine derlvatlves (109 and 110) were 1solatedﬁfu

’ 'y;1n 25 and ll% ylelds, respectively, and the glycal

‘;,(103) ‘was obtalned 1n 20 5% yleld. The glycal was o
1dent1f1ed on the bas;s of lts nmr and mass spectra.,’
: The nmr spectrum was. fully interpreted and a narrow

’doublet at 6 6 38 with a coupllng constant of 0 9 Hz

'“was assxgned to the C-l hydrogen. A gpurth component ,"
-'?of the reactlon mlxture, which was only narrowly sepa4f

. ff;rated from 109 on preparative tlc, was obtalned 1n »;i_f“

R N
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SCHEME XX




i chloropur1nes

"ffvfiguratlon.‘

~3l% yleld and was tentatlvely 1dent1f1ed as 2- benzyl—.
th10-3 5- d1 O-benzyl 2 deoxng arablnose (111) ThlS -
product presumably arlses by hydroly51s of the epl—
sulphonlum 1on 1ntermed1ate (95b) by water. Acetylar f
tlon of lll gave an anomerlc mlxture of ‘the 1- O-acetyl
derlvatlve (112) The nmr spectrum of.- crude 112 showed
two acetyl methyl peaks, and two narrow doublets at |
6 6 27 and 6. 18 were a§51gned to the c- -1 hydrogen.

Structure proofs of 109 and llO were based

lllnltlally on thelr spectral propertles. The mass
spectra were con51stent w1th the propoSed struotures"'
A;‘and accurate mass determlnatlon of the parent 1ons
verlfled the molecular formulae. Comparlson of the uv
| spectra Wlth those of knOWn 7 and 9-a1kylated-6—,_,d
223, 224 225) 1ndlcated 109 and 110 to be

9 and 7~glycosylated, respectlvely The nmr Spectra g;

were cleanly resolved and 1n agreement wlth the struc-vsi‘

. *'TQ tures asszgned. However,_the appearance of a second

serles of small peaks for the C 2 C—8 and C-l' hydroqens

L 1n each spectrum suggested that both 109 and 110 were

mlxtures of a and B*anomers.- The/ratio of the anomers V'

was ~9 1 in 109 and ~4 l in 110. Slnce B-anomeric

stereospecxflcit'fhad been expected in thls reactlon,iif."ﬁ

the major anomers;wereftentatively asszgned the B-con~v""’

:con_ﬂrmed by conversion Lnto 2'

117

The tr"tures and anomeric confzguratlonsgsgg"i



o ment wlth llquld ammonla
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deoky-9 and'7rD;ritofnranosfladenine derivatiVesr(see.'
~'Scheme XX and XXI) . o :;: R d'?vy .W |

| A' Essentlally quantltatlve replacement of the 6-
"chloro groups of 109 and 110 was effected by treat—

226) g1 (p- Benzylth10—3 5-di-

'-'O benzy1-2 deoxy-a B- D rlbofuranosyl)adenine (113) was‘p .

- -obtalned 1n 98% crude yleld. ‘A purlfled sample of thls

"materlal was isolated as a- SOlld foam 1n 90% yleld by

/"Tpreparatlve tlc The product of amlnatlon of 110 d13—.7

_:played two components whlch were separated by prepara-'

"{tlve tlc The maJor, faster mlgratlng component was

o a»lsolated 1n 69 5% yleld and crystalllzatlon gave 50 S%M |

d~prof 7—(2eben%ylthlo-3 5= dl-o—benzyl 2 deoxy B'D‘rlbo—“r:ff'

‘df;furanosyl)adenlne (114) All of thls materlal was ,f.p}

1.780b89quently used in attempted desulghurlzatlon re—'dt”f‘
S

A“f%ptlons and an analytlcally pure sample of 114 was not.u

'“dobtained.‘ The minor component of the am;natlon of

"f,'llo was 1solated in 1S% yleld as an amorphous solld

Aliwhich gave 12% of the ana;ytlcally pure a-anomer (115)

':*-fupcn crystallization.; The uv Spectra of these products

';sfconflrmed the posmtion of glycosylatlonJ The 7-isomer3'*

|

'5ff(114 an 115) had very broad, characterlstlc absorp-!kfp'g

rrow abswrption at ~259 nm,?%?,
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,'ported for 7—methyladen1ne,225) thepvwere in'very f%
: good agreement w1th those reported by Goodman and | T 13.e'
coworkerslg3) f0r two 7- rlbofuranosyladenlne deriva- - |
tives.: o |
‘ | Desulphurlzatlon and debenzylatlon of 113‘and'
114 gave the 2'-deoxy nucle051des 10 62 and llB'fsee"t R
'on,Scheme XXI) Attempts to effect these transformatlons_‘
Viby refluxlng w1th a suspep51on of Raney Nlckel 1n
| e\ethanol (the procedure whlch was hlghly effectlve 1n efh
the. desulphurlzation and debenzylation of the glycosxdes» e:f
";100 101 and 102) falled completely ThlS reactlon i
f,was performed under both neutral and basxc condltlons
| Tziand wlth varylng welght ratlos of Raney Nlckel When o
.'ha small excess of Raney Nlckel was used..mlnlmal
}‘yiidesulphurlzation of 113 occurred to glve the 3' 51—d1*~:d
'f;o-benzy1-2‘—deoxy derlvatlve, 116 Addltlon of further';:
de?ﬁlRaney Nlckel resulted 1n almost complete loss of uv }f;"l”
:pfff.absorptlon due to the adenlne chromophore and appearance;,3f
'iT;Of many non—uv absorblng by—products On tlc. lelted pg1;~;;3
':‘f}success in the desulphurlzatlons of 113 and il4 was EoR
vfelachleved, however, when a’ modlfied procedure reported #75.3"
'L?e”by Goodmah and coworkers192 193? was employed.ijhf;7l'r
. A solution of 113 in DMF was treated thh a 15 f¢tf-i5fvu
ﬂhhli?ffold excess of Raney Nxckel under an atmosphere of'

7/%‘

.;hydrogen. _ Whenl ’this mixture was heated to ~1oo°c with -'

;xan infrared Iamp,'rapid conversion of 113 to a product7“pﬂll;



'57'Th13 was separated fromjf
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| SCHEME XX

i
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”fithat migrated slightly f dﬁer'thén llé»dn'fic; bccﬁrféd“ :

small amount of unreacted 113

' 7;-,1}and other minor 1mpur1t1es'by preparatlve tlc to

“ff*yleld 40% of 9 (3 S-di-o-benzyl 2~deoxy-D-r1bofurano*z;i .f”’*'

"‘? _sy1)adenine (!16) Wthh was largely the B-anomer Nos;iITWV}.":“




of 212-213. 5°c""
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peaks for the.a-anomer were observed in the nmg
. spectrum of 116 and the appearance of a two proton o
v multlplet at 6 ~2. 65 1ndlcated desulphurlzatlon to.h'
the 2'-deoxy derlvatlve.‘ Retentlon of’the 3' and
’5'-0 benzyl groups was apparent frOm both the nmr
and mass spectra of 116. ThlS is in contrast to
" the desulphurlzatlons of 100 101 and 102 in. whlch
.hcases rapld and concomitant debenzylatlon also f-"
.occurred No debenzylatlon was. observed in the
lspresent system even when the reactlon was performed
'ffor extended perlods of - tlme._ Complete debenzgl- |
e atlon of 116 was accompllshed}by hydrogenolysxs u51ng"

227) The resultlng mlx-

";{10% palladlum on charcoal

~;ture of the B. and a-anomers of 9 (2-deoxy-D—erxthro— -
pentofuranosyl)adenlne (10 and 62) was. separated by

| column chromatography On Dowex l-XS(OH ) anlon exchange_f-

re81n.l? ).

o ;;n 563

deoxyadenosxne 1n all reSpects._ A very small amount

The maJor B-anomer (10) was crystalllzed f'R

yield and was identlcal with authentiC'Z'

(2 2%) of the a-anomer (62) was obtalned as. a mlcro- .;iftlf“;
.'fficrystalllne solid . Th1s ‘aterlal was chromatographl-v:

»xﬁ;ically identical W1tﬁ/authent1c 62 and the meltlng poxntf;'raf;f“ﬁ
dﬁ]?fof 209-212°C was not depressed on admlxture w1th .

228)

"f°;authentlc 62, which has avreported melting polnt

f the procedure used above to the .
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deshlphurlzatlon of 114 was less successful. After
" preparatlve tlc, 7-(3, 5 -di-0- -benzyl-~ 2—deoxy B-D-rlbo—
; furanosyl)adenlne (117) was obtalned in ‘but 20% yleld
'-and 18% of unreacted 114 was recovered Debenzylatlon
of 117 was effected as described above. and 7-(2:
r‘deoxy B D—erzthro-pbntofuranosyl)adenlne (118) was {%
| obtalned in, 82% yleld ThlS materlal mlgrated much
_‘more slowly than the correspondlng 9-1somers (10 and
'1‘62) on tlc and had nmr and mass spectra con31stent
'Vtw1th the proposed structure.” Compound 118 waslextremely
;:a01d lablle and, 1n contrast ‘to the 9- 1somers (10 and .
.62), 1ts uv. spectrum 1n 0 l N HCl corresponded tp the
A_characterlstlc absorptlon of adenlne. The~spectra a
'hln alcoholhand base are, however, con51stent w1th
' h'those reported for other 7- glycosyladenlne derlva-_a

'tlves.193)

The B—conflguratlon was 1n1t1ally assigned
‘to 118 and thls was supported by comparlson w1th the -;’
1fcorrespond1ng a—anomer (63) whlch was reported by
'hféf;Ness and Fletcher.%sa) These workers report mp 153—‘
T~T7156°C and [a]D +7 for 63.. These values may be con-ijﬂp'u
'*f_trasted w1th the mp 211 212 S°C and [a]D“f—74° present--f“
f f;1y observed for 118 Therefore 63 and’ 118 must be s
o.![anomerically related compounds and consequently 118
TT'i?must have the B-conflguratlon.;jh¢i}:$_vh;f~fﬂnb7i-”'v
In conclusxon, the present work has demonstrated d

::'-,the viabilxty of the use of l 2-eplsu1phonium lon




h 1ntermedretes related to 95 in the synthe91s of 2- -
'-alkylthlo gly0051des. Reactlons w1th alcohols canl
be effected stereOSpec1f1cally and eff1c1ent prepara-
trons of alkyl 2-de0xy B~ D-rlbofuran051des have been
developed The reactlon wlth 6~ chloropurlne, although
not stereospeclflc, gave a hlgh degree of stereo—
g'select1v1ty and B anomers were the maJor products.
’Transformatlon of the resultlng 2'-a1kylthlo nucleo-
-51des into- 2'—deoxy nuc1e051des is dependent on the

_ rather unpredlctable effrclency of the desulphurlza-

"tlon process uSlng Raney Nlckel and low overall ylelds '

’_of 2'-deoxy nuc1e051des were obtalned Thls work has

”resulted, however, 1n the flrst reported synthesrs

- of 7~ (2 deoxy B—g erzthro pentofuranoSyl)adenlne (118), _

'»_whlch is the 7- 190mer of naturally occurrlng 2'

.'y ‘deoxyaden051ne (10)

~
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EXPERIMENTAL

o

A.. GENERAL PROCEDURES

.
i

Meltlng p01nts were determlned ;on a Relchert

'mlcrostage apparatus and are uncorrected ' Nuclear
magnetlc resonance (nmr) spectra were recorded on
Varian 'HA-100 or A—60 spectrometers w1th TMS as the
vlnternal standard unless otherwxse stated. Peak'
fa351gnments were verlfzed and in some-cases, inQ
d1v1dual coupllng constants were determlned by spln—f
'n spln decoupllng experlments.. Ultrav#olet (uv) spectra‘
lswere recorded on Cary 15 or Pye Unlcam SP 1700 spec— o
fntrometers.l Soluthns were prepared by dllutlng a

» 1 ml or, in cases where SOlublllty problems were
encountered,}a 5 ml sample of an accqrately determlned'

0. 10 ml w1th MeOH, 0 1 N HCl

,,stock solutlo#“l'*iw
l@or 0.1 N Nao 1 otatlons were determlned on.
tja Perkln—Elmeré ;1 polarlmeter u31ng a 10 cm,-
"l-mlsmlcrocellk
 the mass Spectrqi '5_1aboratory®of thls department
'f;fon AEI MS-2, Msddl f M5-50 instrunents at 70 ev.' .

deample 1ntroduct m,astia;afdirectYprobe'atetemf @“”1

-

'_fperatures‘betwee 20 and 230°C. Relatlve 1nten51tlesf‘f

~"’.;and ldentltles of mass spectral 1ons are quoted 1n ‘

“f?.)parentheses follow1ng the m/e value.d All benzylated ﬁf
A5fgcompounds had a very;high intensxty peak at m/e 91 o

'f;and 1n these cases a lower intensity peak was chosen

H spectra (MS) were determlned by':'d_



as the mass spectral base peak Elemental anaiyses

‘were determlned by the mlcroanalytlcal laboratory of

o thlS department

¢

Thln layer chromatOgraphy (tlc) was performed
on Eastman chromatogram sheets (3111ca gel No. 131812
1nd1cator No. 6060) or on glassi plates coated Wlth |
Mer&k Slllca gel GF- 254 Developed chromatograms
' were evaluated under uv (2537 A) llght or were
_sprayed w1th a 5% solutlon of stO4 in EtOH and heated
‘ on a hot plate.- Preparatlve tlc was performed on |
hy glass plates coated w1th Merck 91llca gel PF 254
'_Product contalnlng bands were removed from the
ﬁr.plates, packed in" short columns and the product T
.eluted from the 51llca gel u51ng a. sultable solvent o
:mlxture. Slllca gel column chromatography ‘was per-.
‘formed on J T, Baker No. 3405 51llca gel or- Gebr.
y'Herrmann Kleselgel. Evaporatlons were carrled out
'u51ng a Buchler rotatlng evaporator Wlth a Dry Icef
”.'cooled Dewar condenser under asplrator or 011 pump}hif'
'ep'vacuum, at 40°C»orn1ess.x The term coevaporatlon re—':
'\fers to the process of dlssolutlon in and evaporatlon
;tof the solvent 1ndlcated.. The welghts of syrupy

"products for whlch a percentage yleld 1s quoted have

‘3.ﬁlbeen corrécted for the welght of solvent remalnlng

'jhln the syrup, which was estlmated from the nmr sg\ftrum

Pyrldine and tetrahydrofuran (THF) were drled

L S
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¢
by refluxing'over and'then’distillation from.calclun_»‘d
hydrlde. Dlmethylformamlde (DMF) was dlstllled at
reduced pressure from: elther phosphorus pentox1de or
barlum.ox1de,. Acetonltrlle was dlStlllEd from phos—

| phorouslpentOX1de and methanol wasgfractlonally dis-

.ltilled,'ficetone,was refluxed”OVer‘potasslum:perQ.
manganate and then twice distilled»fromvanhydrous; "tl_ i l\
calclum sulphate (Drlerlte) The”above solvents were .
stored over L;nde 4A molecular 81eVes (drled at ’
200 C) Benzene\\nd toluene were drled over.. sodlum

j wire and methylene chlorlde was dlStllled and stored
‘over ca1c1um chlorlde. all other solvents used were

| of reagent purity and were used w1thout purlflcatlon.
Pivalyl chlorlde, methanesulphohyl chlorlde and

’ benzyl bromlde were purlfled by dlstlllatlon Erlor‘
to use. Hydrogen chlorlde was’ drled by passage )
through concentrated sulphurlc ac1d{and then Drlerlte.

k'v* Hydrodenatlons were’ carrled out at room temperature
lln a stalnless steel bomb filled- w1th hydrogen at the |

' pressure specafled and were stlrred magnetlcally ‘The:
catalyst used for hydrogenations was Matheson, Coleman

and Bell 10% palladium on charcoal.; Raney ActLVe Nlckel

Catalyst (No. 28) was purchased from W. R. Grace and Co.



@

B. " SYNTHESES

" Methyl Q-Arabinofuranoside (Zg);

io lOd g(0.67 . moles) of g-arabinosessusoendedv
in 1.5 & of dry MeOH was added 500 ml OfdMeOH con=
'tainihg 9.0'g (0 26 moles) of dry HCL. .ThevreSultind
mlxture was stirred magnetlcally and an homogenous |
-solutlon wasnproduCed-after 7 hr. . After 23 hr,

when . the optlcal rotatlon of the: solutlon had reached

a maxlmum value, 50 g of A92003 was added and stlrrlng

was contlnued for a further 2 hr. The mrxture was

P

flltered through Cel;te, the flltrate was evaporated
i
and the re51due was dlssolved in MeOH. Cellte;and

charcoal were added to this solutlon and the re-
EN ‘ : . v
‘ D\\ » .‘ . o . ' _"-
- sulting mixturerwaS'Stirred»OVernight. Filtration

'through Cellte removed remalnlng 51lver salts and the :

filtrate was evaporated to yleld crude 72 as a yellow '1;

syrup. Thls materlal was dlssolved in SOO.ml of<

‘*acetone and, after seedlng, 4 30 g (4%) of methyl B- D-

- arablnopyran051de crystalllzed as yellow granules.

»mP 166 168°C, [a]g4 -221.5° (c 1, MeOH) Reported-Zl&?

mp 169°C. [a]2 -242°. ‘ The mother llquor from- the
: //

4cryst31112ation was evaporated to yleld 103 7 g (95%)
24

‘,'Of crude 72 as a pale yellow syrup [q] +53 30»3

p

‘*A(c 2. 07, MeOH), nmr (Dzo, TMS external) 6 3 76 1s, 3,

'»-ocn)@szl (d,J ~3anz,sn),524 (d,glz

=1~ 2
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1 2 Hz, a—H ), the ratlo of o to B-anomers was

J2:1, respectlvely, as determlned from the nmr spec-

w
[
(S
o

Methyl 5-0-E—t01uenesulph0nyl -p- arablnofurano—.

N 51de (73) and 5- O-E—Toluenesulphonyl -1,2- O-lsopropylldene—r

‘*:

Qfareblnofuranose (75).

The title compounds were prepared from" 72 1n

. 216)'

the manner descrlbed by lest et al. Crude 75 wasv_ﬂ,

obtalned as an orange syrup ‘ Purlflcatlon of thls

‘ materlal by chromatography on a Slllca gel column o

E developed w1th CHC13——MeOH (96 4) gave an overall yleld

’ of 19% of - 75 as a colourless SOlld Recrystalllzatlon

A.,from CHC13——pentane ylelded colourless needles of 75.4'

mp 124 126°C' nmr (CDCl3—~D 0) § 1. 33, l 42 (s, s; 3,

3, c(cHy) 2) e 2.50 (s, 3, c6n4cn ). 4 2-4.35 (m,5,,A'-'

anj;, L HS, He 1), 4.59 (d. J2 i 3.8 Hz, 1. Hz)' 5.97

' veReported.

s, 9. 31 Found. < 51.95,hg,75m86} S, 9.37.

'~;j(a{,ﬁ 051ng 1. l equlvalents of plvalyl chlor1

E ﬂsolutien of 20. 75 g (0. 126 moles) of 72 in 100 ml of

(d,- 32 ~ 3. 8 Hz,ll, H ), 7 64 (AB quartet, 4 C H ).
15? mp 130°c.,;.f' R o
Anal. Calcd for C15 200 S.i g,.sz.sl(ugig5;85i;

R Methyl*SfoPiﬁélyltaéérabihbfuianbsidé.(74 <




. Et

:7,extracted w1th pentane——Et 0 (2 1, 60 ml) and the }

X,

:/v

o

dry-pyridine and 300 ml of dry'CHZCl was stirred

2 o PR J

magne%ically and cooled‘t0'478°c;"To this solution
:was added dropw1$e, over a perlod of 2.5 hr, a solu-p
tlon of 16 60 g (0 138 moles) of plvalyl chlorlde in
7100:ml of_CHZClz_ The resultlng mlxture was stlrred
A"a‘further-o 5 hr at —78°C and. was then poured ;nto ,f
‘h500 ml of ‘vigorously stlrred HZO Thevordanic phase
‘was separated and the aqueous phase was extracted

with CH 012-(3 x 100 ml). The combined Organlc phasé

2
"was evaporated and the re51due was coevaporated wlth
toluene (3 x lOO ml) to yleld a yellow syrup of crude
'21. The syrup was dissolved 1n 300 ml of pentane——
2O (2: l) and the resultlng solutlon was extracted d"
w1th HZO——MeOH (7 3. 100 ml) The aqueous phase was

o

| organlc extract was comblned w1th the orlgrnal pentane——

W

'Etzo solutlon.' The comblned organlc phase was then
| 'subjected to two further repetltlons of this pro-'i"‘.
‘cedure.. The resultlng organlc solutlon c:ntalned only -
fdlplvalylated methyl D-arabxnofuranosxda derlvatlves
‘;rand was evaporated Coevaporatlon of the resrdue thh r
r_facetone (2 x 100 ml)ﬁylelded 7. 86 g (18 5%) of the ﬁt .? e

. dlplvalylated material as a pale yellow syrup.

d The comblned aqueous phase from the above ]v. *.-*'

'l,_extractlon procedure was diluted w;th 100 ml of H20 and

Viextracted WIth CH2

(8 x 75 ml) The comblned

129
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: v

‘organic extracts'were eVaporated,and the residuehwasl

'd; coevaporated w1th acetone (3 x 100 ml) to yleld

"jcnc1 ); nmr (cpel

19. 84 g (63%) of chromatOgraphlcally homogenous (tlc,.
2

=

CHC13——MeOH, 95 5, Rf -~ 0. 2) 74 [e1? 2 +42.6° (c 1.9,

3-—0 0) 8 1. 24 (s, 9, C(CH )3) 3. 35,:_.y
B 38 (s, 8, 3,.a;6- ~OCH ), 4.84 (d, 9142 - 1.7 Hz, a- H ) |
5,05 (a4, 3y, ~ 4.3 Hz, B-H D (DMSO dg) 8 5 24, 5.35
f-_(d,. d J -~5.1,n4.8 Hz, 2, 2-0}1,: -OH), ns - m/e 217. 1076_" |

(6. 9 M-OCH3,_calcd for C

10 17 05 ,217.1076),H57s(roo,

,.’_(CH3)3

i(b) .e U81ng 0 51 equlvalents of. plvalyl chlorlde. A

) solutlon of 21 8 g (0 133 moles) of 72 4in- 100 ml of dry
spyrldlne and 250 ml of dry THF was stlrred magnetlcally'd :
dand cooled to —25°C. To thlB solutlon, a solutlon of

8 45 g (0 070 moles) of plvalyl chlorlde 1n dry THF o

~3]:was added dropw;se over a perlod of 2 5 hr.r The re-"”;“

?;sultlng suspensxon was allowed to warm to room tempera—'

, ture and was stirred for a further 1 hr.' The reactlon =

L :rfmixSure was then poured 1nto 500 ml of HZO and 200 mi

-‘xof Et20 was added.\ The organlc phase was separated ,_" 0
“and the aqueous phase was extracted Wlth Et20 (3 X, |

L 200 ml) . The comblned Organlc phase was washed wlth_\:l‘

'";faH 0 (100 ml) and the aqueous wash was extragted w1th‘}?7o

'-JEEtZO (50 ml) The comblned aqueous phase was evapo-.lbf:""

"’.f!jrated and an aqueous solutlon of the re31due was: oﬁijgﬁ.

'”-gapplzed to a column c@ a x 40 cm, 700 ml) of IR-45(OH )



B weakly ba51c anion exchange resin. ‘The column was -

| eluted w1th H20 and the eluate from 350 to 1250 ml

A_'was collected and evaporated Coevaporatlon ‘of the N

L re51due w1th EtOH and then with abetOne gave ll 80 g

(54%) of unreacted 712 as a syrup

The combined organlc phase from the above

'extractlon procedure Was drled over Na2804, flltered f"

'v~kand evaporated The re51due was coevaporated W1th

toluene (4 x 100 ml) and then w1th Et20 (2 x 100 ml)
' The re51due was then dlssolved ln Et20, the resultlng

suspen81on was - flltered and the flltrate was evapo-fﬁ

B rated to yleld 13 77 g (91% based on the amount of  f‘-

;72 recovered) of crude 75 as a pale yellow syrup.k.'

‘“"A 51nglet at 6 3 30 in’ the nmr spectrum of crude 751‘?'

'was a551gned to the OCH3 resonance of dlplvalylated~”

]

T dmaterlal and 1ndlcated <10% of dlplvalylatlon.-‘

]

5 5;”' 5-0—P1va1y1 1,2—0-isopropy11dene-B-D-arablno‘*

sffuranose (76).,-

/

A solutlon of 17 78 g (71 7 mmoles) of 74 ‘in

"‘w.QQQ ml of dry, alcohol free acetone contalnlng 3 0 g

“tfprotected from moisture by a Drlerlte drying tube.»
>4 .

thfter 46 hr 9 0 g of Baco3 was added and stirring

T3

"%if(8 2 mmoles) of dry HCl was stlrred magnetlcally whlletr:;:d

"v;l*was contlnned overnight. The neutrallzed solution fg,h;%ffff'



"v79;f259 (58, g-cn3);ﬁ

‘rated to yleld a dark yellow syrup whlch was coevapo- ‘

'rated W1tthH l The resultlng syrup was dlssolved f»'

2 2°

| 1n 10 ml pf CH2C12——Me0H (97 3) and applled to a.

" column of 700 g of 5111ca gel (5. 4 X 68 cm) packed

xln the same solvent The column was eluted successmvel?

’A;'w1th cn Clz——MeOH (97 3,-1. 3 2), CHzclz——MeOH (96 4,

1), cn Clz——MeOH (95:5, 1 1), CH2C12~—MeOH 93:7,
1) and CH2C12——MeOH (91 ‘9, 1) at a flow rate of N

10<20 ml/mln. “The eluate from 1825 to(2625 nl was

: fcollected, evapOrated and coevaporate? four tlmes w1th '

"*“-Etzo to yleld 9. 06 g (46%) of 76 as a pale yellow

1syrup. Thls materlal (tlc, CHC13-—MeOH,v95 5, fv“‘ L

-0 35) contalned a trace améunt of an 1mpur;ty materlaI‘

“aﬁA(R ~ 0 45) Crystalllzatlon from Etzo——pentane gave '

e, 98 g (35 5%) of pure 76 as long needles, mp. 56 58°C.

'”ﬂuf.'The column eluate from 1700 to 1825 ml gave a. further [_':

132

'472 38 g (12%) of 76 which contalned a greater amqhnt t VI?L* ’

"f'.of the Rf 0 45 1mpur1ty. Crystalllzat;an gave l 13 g

(6%) of pure 76u mp 55 57°c (total yxeld of crystalllne

5176 is 41. 5%) [a] +15 0° (c 1, cnc1 3) 7 (DMSO-d ) .

'Flja 1 18 (s, 9, C(CH3)3), 1 27, .46 (s, 3, 3,

7'[5c(cn )2). 3.95-4.25 (m, 4.;H3. §4. HS,‘HS.), 4 47 (d,-;f |
'32,1 =39 Hz, 1, Hz) 5.50 (4, g Toneg 3.5 Hz, 1, 3-03),

5 84 (d"‘l 2 = 3 9 Hz, 1; ‘ l), ms m/e/274 (0 36, E), |
(mo, (cangc cohy, s S




Anal Calcd for C13H2206 C, 56 90, H, 8 08.

“1,Zégfisopropyiidenefs1gfarabinofuranose'(21).

*Ka).' }From'S-QﬁPiyaiylri,2—gfi§opropyiidene}812-A

N arabinofuranose'(zé):- Toia_soletion“Ofa3f0’g“(130'

- :mmoles) of sodlum in 450 ml of dry MeOH was added 15 0 g
(54 8 mmoles) of 76 The resultlng solutlon was: '
stlrred magnetlcally whlle protected from molsture.
r’by a Drlerlte drylng tube.' After 6 5 hr tlc (CHCl3
'd-:MeOH, 9: l) showed quantltatlve converszon of 76 (R
'riO 5) to. 77 (R s 0 15) and 80 ml of Rexyne 101 strongly
ft;'ac1d catlon exchange resxn, 1n(the pyrldinlum form. |
.”*rfwas added.“ Stlrrlng was contlnued overnlght and the },'
;neutrallzed solutlon was flltered The flltrate waS-a'fi
'ervaporatedtand the re81due was coevaporated w1th |
. :,'toluene—-v-MeOH (z x 100 ml) -and acetone (3 X 100 ml) to
yleld 10 11 g (97 5%) of crude 77 as a pale yellow o
"ff;isolld. This mater1a1 was dlssolved in ;0 ml of b0111ng
| 'rfacetone and 30 ml of Et 0 was added.; The resultlng ,'j"f%f; |
z”edfcloudy solutlon was filtered through Cellte and the -ﬁf ;- ]'d'Xg'
d“eViflltrate was evaporated. Crystall;zatlon of the | | e
Adﬁfffdreszdue from acetone——xtzo—-pentane gave 9 46 g (91%)
‘f5*?3of 77 as colourless rectangular plates-d mp 118 120°C,0‘:_f¢5 o

[u]

+18 5‘)(0 1,hMeoH), nmx (DZO, TMS external)




134
: 6 1 57 1.76 (S, S, 3, 3; C(CH ) ), 3 92 (d J5 5,_4
£2_1,~38Hz,1 Hz),621 (d J12~~3§Hz,1 H)
Anal Calcd for C8H14 5 ' 9_, 50 52 H, 7 42
- FoUnd c, 50. 67, H, 7. 36 N

kl(b)tn From 5=~ O-proluenesulphonyl 1 2 -0~ 1sopropy11-_

dene-B-D-arablnofuranose (75) A solutlon of 0 86 g .

e ,(2 50 mmoles) of 75 1n 250 ml of MeOH contalnlng 0 135 g
‘li(2 50 mmoles) of NaOMe was lrradlated (quartz vessel,‘jff“
'; ;50 watt medlum-pressure Hg lamp) for 1 hr at ~20°C. N
;';Tlc (CHClB——MeOH, 93 7) showed almost complete con- |
’fvaerslon Of 75 (Rg - o ss> to 77 (Rf - 0.2) plus minor

.tf ‘impurlty products (R s ~ 0 5 and 05 85 f The reactlon ’
 'm1xture was evaporated, the brown residoe was. dlssolved i
pfiin MeOH——HZO (l 1, 40 ml) and thls solution was R
”:extracted w1th Etzb——pentane (1: 1, 4 x 20 ml) to

-ri;effect removal of the Rf 04 8 1mpurity. ~Tt;e organlc otzg;e,;-
'Q phase was dlscarded and the aqueous phase was dlluted o
4:r{pﬂufwith 40 ml of Hzo, salted with NaCl and extracted wlth

_p;EtOAc (10 x 30 ml). The COmblned organlc phase was |

'rldried over Nazso4, filtered and evaporated to yleld .

;°f0 356 g (75%) of crude 77 as a yellow syrup.v Crystal— S

'fﬂfflization from CHCl ""'f:"”skelly801ve B gave (2 °r°ps) 0 187 g

'}fj;(36%) of 77’as yellow:granules.‘ mp 116-119°C. ,a;fffp.ﬁ'
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3,5-Di-g—benéyl~1,2<grisop:béy1idene-ﬁ*24

. arabinofuranose: (78).

Ina 500 ni rouhd.bottOmed flask, protected
| by a Drierite drying tube, 7. 68 g (160 mmoles,'as a
,50% disper81on in Qll) of NaH was washed by decanta—_.'
ftlon thh pentane (3 x;SO ml) Excess pentane was
'.lremoved by gentle warmlng and 150 ml of ‘dry DMF
7».was added. The resulting magnetically stirred sus~
Lpens;on was cooled to- -10°C ahd a solution of 7 60 g .
(40.0 mmoles) of 77 in 75 ml of dry DMF was added a
“.drOpWise (0 5 hr) Stirring was continued for a .‘
l4further l 5 hr at 0°C until the gentle effervescence»
u‘é'ceased To the resulting suspenSion of the dlSOdlumi
';';salt of 77 was added dropwxse (1 hr) a solutlon of .
l’g15 05 g (88 0 mmoles) of benzyl bromidevln 75 ml of ;f f;’w
':'dry DMF and stirring was continued for a, further
'I*f*o 5 hr at 0°C.- The reactlon mlxture was then poured{
J'llinto 1 2 of ice water and the resulting emu131on wasf5
'\lf‘ivigorously Btirred for 0 5 hr.& Thls mixture was '
kgﬁiiextracted with Et O (3 x 250 ml) and the combined -
\ l:;torganic phase was washed w;th H20 (4 x 100 ml) and L
vhef_gsaturated NaCl solution (2 x 100 ml). The organic
vhme{?phase was dried over CaClz, filtered and the filtrate ;hiﬁg

”f~f§ev§§orated.l*rhe residue%las coevaporated with toluenef',ff;h}'
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. resultlng suspen51on (NaBr) was flltered through |

8

Cellte. The flltrate was evaporated to yield 14 74 g _
v(99%) of chromatoqraphlcally homogenous (tlc, CHCl3

T-Rf ~ 0. 4) 78~as a pale yellow syrup: [a]D‘ +20. 0°

¢ 1.98, MeOH), nmx (cnc13> 3 1. 32, 1. 44 (s, s; '3, 3;
c(cn ) ), 3.63 (d, Js 5. 4 = 6 2 Hz, 2 HS, Hgt), 4.03

| 34%5;5"" s 2 Hz, 1, H ), 4 54, 4 56 (s, s; 2 z N |
-_3+540cH2c 5) s 4. 62 (d, Iy 1 = 4 o Hz, 1 H ), 5.88

e

= 4.0 Hz,.l, H ), 7. 30 (s, 10, 3+5—OCH2C6H5);

¢ i———

l 2

%74.1 355 (22 -M—CH3) 312 (51, M-CH3COCH3). 279 (76 M-C ;H§>»' -

“dlicoevaporated with toluene (4 x 150 ml), each tlme to'7

'>;7203 (100),c91 (3 700, C7H7 .

o 3 5 D1—0-benzyl—D—arab1nose (79) ‘23“;7

d To 14 50 g (39 2 mmoles) of 78 was added 2oo ml'fi

,ifof 50% acetlc ac1d and 4. 0 ml of concentrated hydro—wa}

-eachlorlc aCld. The resultlng mlxture was stlrred ”_‘7f7 {f‘;_,fd

;fgmagnetlcally and heated to 80°C./ After 0 5 hr an S |
Hyhomogenous solutlon had resulted and tlc (CHC13~—MeOH,'j‘”
d98 2) showed complete conver31on of 78 (R ~. 0. 5) to

?},79 (Rf>~»0 2) The reactlon mlxture was evaporated

'ffto low volume ( 30 ml) and the resultlng solutlon was

v 1

"vfﬁlow volume., The residual solution was partltioned

.'Xwﬁﬁzabetween cac13 (200 man and Hzo (100 ml) and the aqueous”ffjff*"




,‘6 4 95, 5 35 (d, da, J

5, 10 (d d,,é

’ i

%

phase was extracted w1th a further 100 ml of CHCl3
The comblned organlc phase was washed w1th saturated . d

dwNaHCO solutlon (50 ml), H20_13 x 50 ml) ‘and saturated

3.

‘Nacl (50 ml), and was. then’ drled over Na2804 The drylng

"agent was f11tered and the flltrate was evaporated
tand then coevaporated thh Etzo (100 ml) The re31d-
n‘ual syrup was ‘treated Wlth Et 0 (100 ml) and a gela— '
tlnous prec1p1tate was flltered u51ng Cellte. The |
flltrate was’ evaporated and the re51due was coevapo~,»

" rated w1th Et0 (2 x 100 ml) to yleld 12 52 g (97%)

27
~Qf chromatographlcally homogenous 79oas a pale yellow

'syrup T[d]22 +37 1° (c l 3 MeOH); nmr (DMSO 96’

—OH 2 ~ F 5 5 0 HZ, l, o, B 2 OH),»

-1

‘ff7 31 (s, 10 3+5 OCH2 6 5),_(DMSO 96__D20) 6 5 07,

6. 22 s 30 (d, 4 g -~ 4, 5, 6. 5 Hz, 1, 0,8 1-03), _,Qtr

3y é”~ 2.0, 4. 0. Hz, 1, o, s Hy y

'_in 0 3 ml of dry benzene and 0 3 ml of‘hexamethyl-‘=

1

+ o
zdlsllazane. After stlrrlng for 3 days, whlle pro—* '

;,f,tected from momsture by a Drlerlte drylng tube, the .;»
"7freact10n mlxture was evaporated and then coevaporated

‘aiw1th benzene.‘ The reaxdue was dlssolved in benzene“

1fand flltered through Cellgﬁ_ The flltrate was evapo-'”

'tfhrated to glve a crude syrup of 3 5—d1-o-benzy1 l 2-"'~

o 1ibls~o-tr1methy1SLlyl-D~arabxnofuranose (30) f ms m/e

A small sample ( 0. 03 g) Of 79 was dissolved fih"fd

137



235 (100), 91 (490, c_u.*).

.y3,5-Di—oebg? ’“fbinofuranosyl.Chloride (86) .

; (5 13 mmoles) of 79 in

'lS-gl_of dryf Qinlng 2 0 g of Drlerlte was

.cboled‘to 0°CL ifwas bubbled ‘gently through
the mixture and
tlc_esdfollewé;i. ;uois'ofvthefteaction mixture
'were—added £81a7? ;eneidn ef bafiuh carbonate in
'methanol Neutf3¢ Eetiod,of~the.aeid wesbrabid'aﬁd B
'486 present 1n th K'ctlon mlxture was quantltatlvely
._eonvertedﬂto methy _ ‘—dl-o—benzyl-D arablnofuranose d
7,(gg). After 15 mln, tlc (CHC13——MeOAc, 8 2) showed

'jcomplete conver81on'

f3A small amount of cxl syrupy 89 was obtalned by

flltratlon and eva T.tlon- nmr (CDCl ) ) 3 39 (s,

‘”;13, o, B-0CH n 4. sz a4, 3 ;=45 Hz, 8- Hl),v4 87 (s,

L 'Hl" 7.28 (s, 10, 3+5-ocn2c ) . Flltratlon of the

“chlorlnatlon reactlon after 30 m1n gave a CH2C12 solu~d'

fi,!'tlon of 86 whlch produced an homogenous Spot (tlc) for

89 after-treatment as described. Solutlons of 86'

"7f'prepared in thlS manner were used 1mmed1ate1y 1n'j5’"

'.*subsequent COndensatlon reactlons as dese}lbed

elon of 79 to §§ was assayed_by'

138

When -an allquot of the solutlon of 86 was evapo-i,571331

'“fffrated to dryness and the re51dua1 011 was successlvely

:“5gic°eva90rated to dryness four tlmes with toluene,._j_f.*ff{'\'
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.extehsiwe'deeeﬁpositiOn ef gghwas noted. Tlc of'e o

- MeOH solutioh 6f the resultihé sthp showed’assmall R
spetxfof 89 at Re ~ 0. 4 whlch 1nd1cated that a minor .
amount (~20%) of 86 remaaned in the syrup A‘major
;spot'at Re ~5O;5 wassptesumed to.arlse bylselfgeoné e
densation'offmoiecuies of 86 to give di or poly-
saccharlde by~ products (90) (see Results,end Discussdon :s'

sectlon)

-Phenyi'395—di-g—ben2y1—1-thic;d52;arabinof‘

furanoside { 7);

——

To a suspen51on of" 0 36 g (15 0 mmoles) of NaH
in 20 ml of dry THF stlrrdd magnetlcally undex dry
:Ehdnitrogen was’ added dropw1se a solutlon of’l 53 ml
'fh (1. 65 g, 15 0 mmoles) df benzenethlol in 10 ml of
| drf%THF._ Vlgorous-effervescence-occurred and<a~coloufli‘
1less precxpltate of sodlum phenylmercaptlde separated.
'wkThls suspen51on was cooled to 0°C in’ an 1ce bath |
3‘A solutlon of 86 1n CH2012 (derlved from 7 6 mmoles ~

"..:\

of 79) was evaporated to dryness and the resxdue was

f\ ';»_«"" ! .4

»coevaporated to dryness five tlmes w1th 50 ml portxons;[fﬁd‘v
of dry benzene.t The re31due was dlSSOlved in 20 ml ofi:
‘ r;dry THF and the resultlng solutxon was added dropwlse f'

;ii(45 min) tO the vigorously stirred ;mspensxon Of

'7f<ﬂsodium phenylmercaptlde.f After stlrrlng a. further

‘7”*fif33 hr at 0°C and 22 hr at room temperature. the reactlont




ST

‘ mixture wasppoured'into 50 ml of saturated NaHCO5
solution. Etzo (20 ml) was added; the'organiccphasez
'was‘separated and the aqueOus phase Was extracted_
‘w1th a further portlon (20 ml) of Et20 The com-"
.blned organlc phase was washed w1th saturated NaHCO3
1solutlon (2 x 25 ml) and HZO (2 x 25 ml) and was then
"dried over'MgSO4 The drylng agent was” flltered and
the flltrate evaporated to yleld crude 87 as a
<yellow syrup (3 3 g) (tlc, CHCl3 developed tw1ce, p‘
' Rf ~ 0 55) contalnlng large amounts of slower mlgratlng
| by products (R -~ 0 4 0 2 andAO 1). This syrup
-;was dlssolved ;n a minimal volume of CHCl3 and‘applied
l"to a column (4 8 x 37 cm, 200 g) of silica gel packed

in CHCl - The column was-eluted w1th CHCl3 and the.\

}

3° |

eluate from 900 to ll75 ml was collected and evapo-
vrated Coevaporatlon of the res%due w1th acetone
”(2 x50 ml) gave 0. 75 g (24%) of chromatographlcally

,.homogenous 87 as a colourless syrup ‘[a]§3\+189 5¢

© (o 0. ‘84, 95% Eton), nmr (cnc1 )8 3. 53, 3.70 (ABg of
i,dghblets, Is- 5;'7 10.3 Hz,"ds e = 2.4 Hz, 2, H 5,1
"lHS-), 3.94. (m, l, h ), 4 3~ 4.75 (multlpletgp 6, 9 P ';_
‘t' 4,‘3+5 OCHZCGHS)' 5 50 (poorly resolved t, J~ 0 6§&
. Hz, 1, H ), . is 1 55 (m, 15, 3+5*°C“2Csﬁs' 1 sc ),

f'f.uv (MeOH) 248 5 nm (e 7 800), ms m/e 422 (7 2: M):\3l3

140

‘s~{¢(551,§~C6H S)a 205 (100 313- oa), 91 ( 1200 c7n7 ).



: ’

lPhenyl 3,5-di—g—benzz}—l—thio—B-2¥arabiho- >

]

furanoside (88) .

" The title éompoond Qae'prepared“in an-anaiogous
procedure'to that used above in thg preparation ofvgl‘
except that the condensation reaction was oarrred;out'
.in the presence of av2_fold exceSS of benzehethiol. |
Thus, a suspensionlof sodium phenylmereaptide in THF

~was prepared by treatment of 0. 24 g (10.0 mmoles) of -

NaH w1th 2.04 ml £2.20 g, 20 0 mmoles) of benzenethlol. -
. Treatment of the suspen51on W1th a THF' soi’t&on of 86 e'

f~der1ved from 5 0 mmoles of 19 gave 0 40 g~(19%) of

88 as a colourless syrup after column chromatography

>T1c (CH Clz) showed a 51ngle spot for 88 (Rg ~ 9. 4)

? whlch mlgratéd faster than 87 (R ~ 0 3). [ 153 118 5°

(c l 04 MeOH),‘nmr (CDC13—“D 0) 6 3 56 (ql 5 5| =

10 5 Hz,= = 2 7 Hz' l, ), 3 85 (ql 5 5| 10 5

5 4

j Hz, JS ; 5 2 5 Hz, 1, 5.), 3. 99 (a, J3 2 = 1, 4 Hz, 1,

7]“91 (220, 7 .

H ), KE 19 (t of d, g4 5 51 ™ 2 5 Hz, g4 3'~A1 4 Hz,
), 4.26 (br a, Jpqp " 3 o Hz, 1,. 2) 4. 46 4 61

'fb(ABq; Jo*',a 11 8 nz,,z, 3o0r 5“°CHzC H, §)i4.47, 4. 69

' =GEM"

(ABq, -cau = 11 9 Hz,;2 3 or 5- ocnzc b,_s 48 (d
21—2 =30 Hz, 1, Hy), 7,1-7. 5 (m, .15, 3+s~ocn2c6a and

R SCGHS)' ms: m/e 422 1563 (18 M calcd fbr 025326048‘1 |
422 Lssz)N 313 (97, M- c6 5S), 205 (100, 313-~c7 7on). S

L @e
R

A
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)

Benzyl‘3,5—di-g&ben2yl—lfthio—djg—arabinofuran\é

side (92). [ O

" To a suspensionidf(o 18 g‘(? 5 mmoles) .of .

~.NaH in 30 ml of dry THF, stlrred magnetlcally under dry

nltrogen at 0°C, was added dropw1se a solutlon of 0.81

.djml (0.86 g, 6 8 mmoles) of o= toluenethlol in 20 ml of
fdry‘TdF Vlgorous effervescence ocCurred and a colour-

" lesé prec1p1tate of sodlum‘benzylmercaptlde was(?grmedt,

1.

A solu-lon of 86 in CH2C12 (derlved from 3 42 mmoles‘

d_aba‘ e aporated to low volum/, Dllutlon to ~40 ml
Wlth dry THF gave a- solutlon» d 86 whlch showed (tlc)
Allttle conver51on to polysaccharlde by—prgducts. Thls,
d-:solqtlon was added drOpw1se (hB mln) to the stlrred
’:suspen51on of- sodlum benzylmercaptlde and stlrrlng
”;was contlnued for a further 2 hr at 0°C. EtZO (75 ml)
13was added to the reactlon mlxture and the resultlng
"?solutlon was washed with H20 (3 x 50 ml) The organlc d
'3phase was evaporated and the re51due coevaporated N |
- succ3831vddy w1th EtOH, CHCl awg,CHZCI2 The»re-' |
H‘sultxng dark yellow d§;;; of crude 92 was dlssolved 1n
':a mlnlmal volume of CH Cl2 and applled to a column/

‘?(2 9 x SO cm, 130 g) of silica gel packed ln CHZClz.
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The column was eluted W1th C§2C1 'and the eluate

."

~from 1150 to 1750 ml was collected and evaporated
iCoevaporatlon of the residue w1th EtzQ (2 x 50 ml)”.' |

gave 1.04 g (70%) of chromatographlcally homogenoust?y‘ v

:(tlc, CH2
[a]é? +240° (c 1.2 'MeOH); nmr (DMSO-d ) 6 3. 61'Kd,
= (‘\

5,514~ 4.5 Hz, 2, Hs,._

(s, 2, 1 SCH2 -gH 5), 4 03 (m, 1, H ), 4,19 (br q, l,

C12, Rf ~ 0.25) gg_as a pale yelloszyrup:' “}-
'),374 (m, 1, a),3so" 5

H)yo 4. 52, (5, 2, 3 or 5- OCH,C H) + 4. 48 4.65 (ABq,

276

D ]

JeEm = 12.0 Hz, 2, 3 or 5- ocnzcsns), 4.95 (q, i, =

2. 7 Hz,‘l, H ), 5 70 (d = 4. 8 Hz, 1, 2- OH)&-

! —OH 2

7. 31 (s, 15 3+SHOCH2C6H and l SCH2C6 5) ,(DMSO—d —

- 2. 7 Hz, 1, Hy)y doublet

5

( O)<S403(t Jle 3-3

"-:at 5. 70 dlsappears, ms m/e 436 1702 (5 2 M, calcd

,for C2632804S 436 1709), 313 (100 S), 312

.. "}» .‘

*::C H7OH), 91 ( 2, 700 C In a subsequent experlf'{f

‘5}1ment a middle fraction from the column chromatography.'
IJwas evaporated and drled 1n vacuo to an analytlcally -
'3d.,pure sample of syrupy 92._ [a] +265° (c 1 48, MeOH)

2 |

Anal Calcd for C26328°4S" C 71 53, H, 6 46-:; '

S, 7.35. Found.., c, 1. 641 H, 6. 66. S0 7 37

g A~

P .8
Tl L -
. . R

o ﬁeh?z.yi:_ée-netﬁaneéﬁlphonyiés /5-di-0-benzyl-1-

T —

SR

.7 To a’solution of 1.31 g (3.0 nmole) of 92 dn .

N 8 e - ~ -

R P U o -




: methanesulphonyl chlorlde After stlrrlng 2 hr ath'

- o0°c, tlc (CH2C1 ) showed complete ccnver51on of

'_ added, stlrrlng was contlnued for 10 mln and th

~Areactlon mlxture

10 ml of dry pyrldlne, stlrred magnetlcally at 0°C'

and protected from m01sture by a Drlerlte drylng

 tube, was added 0. 70 ml (1 03 g, 9.0 mmg;e) of

2 (ﬁf'~ 0.2) to 94 (R - 0. 4). HZO (o 5 ml) ‘was

: 1‘1 uted w1th ether (50 ml)

o
BV

"1 ml) tf yleld l 56. 9. (quantltatlve) of 94 Tlc of

. w1th ,xce cold solutlons of saturated NaHCO3 (25 ml) ,'f |

Hj 0 (2 x 25 ml) and saturated NaCl (2 x 25 ml)
)agent was flltered and the flltrate was evaporated.f'

' succes,lvely w1th toluene (50 ml) and ether (3 x 50":

.and ice:’ cold H 50. (25 ml) The aqueous phase was

__separated and the organlc phase was washed succeSS1ve1yf:

The organlc phase was drled over Na 804, the drylng><

S
The colourless syrupy resmdue was coevaporated

thls iroduct showed} be51des the major spot fOr 94, a

Y 7‘

v; very :alnt spot at Rf ~ 0. 05 Thls mater1a1 was used h:

o 1mme 1ately wlthouk furbher purlflcatlon 1n sub- va

o

i sequent reactlons. Thls sample had [d] +213° (c l 4,'

CHC13), nmr (CDC13) 6 2 74 (s, 3, CH3503): 3 62 (mﬂii:

2, ns, Hs.). 3. 75, 3. 91 (Asq,— = 13.7 Hz, 2, 1-

—GEM

sca C, H, ), 4 15 (m, 33 4'= s 5 Hz, L H3), 4 34 (m,‘;**'

2 6 5

2' 3eor 5'°°” °6“ "v4 51' 4 72 ‘ABq'5€G?ﬂ = 1. 7 nz,;_.y -

144
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CeHe ), 5.00 ("t“, J2 1= = 1.9 Bz, J, ;-

\ 2, 30r 5 ~ocH
2.2 Hz, 1, Hy), 5.22 (d, 3, 2 = 1.9 Hz, 1, H)), 7.30

2

O——p———

(bi s,‘ls, 345- ~OCH csus and 1- scnzc Hg) i ir 1182 1365

2 ———————

(CH SO ), ms m/e 310. 1033 (14 M- CH3SO3H C7H7OH

C calcd for C, . 310. 1028), 91 (100 C4H, .

1o 18 2 5 .

. 'Phenyl,2-Q¥methanééulphooy1;3,Srdi—g¥benzylél—

‘1thio—¢4g-érabinofuranoside (93)u

g,

' “,.Convér31on of 87 to 93 prooeedéd analogouoly to":
':othe conver31on of 92 to“94 descrlbed above _ The re— .
'H?l:_':actlon of 0 125 g (0u296 mmoles) of 87 w1th 0 222 g
(l 94 mmoles) of methanesulphonyl chlorlde in. 2 m1 of

"dry pyrldlne gave 0 146 g (98%) of chroma\ographic (':,_

homogenous (tlc, CﬂClB, Rf 0 35) 93 as a cu ourless :fé 7o:
1“~5syrup: nmr (CDCl ) 6 2 91 (s, 3, CH SO ), 3 62 (..'*if" |

;Io._s 54 3 7 Hz, 2.-_5, HS.), 4.224.7 (multlplets,-G, T
. H 31 §41 3+5‘0CH2 6 5), 5 14 (t, 2 l " I3 2 5 Hz, :: '
"-.felr 8 ). 5.62 (4, 3 3 é‘~'2 5 Hz, 12 g:! ), 7. 15 7 6 (m,_;=

_715, 3+5~-ocn2 GH%Paﬁd 1 scens)

Reactlon of 93 wlth nnpropanol..fz‘

- - To a solutlon of 58 mg (0 115 mmoleS) of 93 1n ;3_Q15“..7
H?o'”ff; j'1 ml °f dry DMF was added 0°25 ml (3 3 mmoles) of
- »”H{;n-propanol.g The resultlng solution was stxrred mag—'T'

-*f;jg}netlcally whzle protected from moisture by a Drierlte L




DTN

o 255 (100 404 “C.H

) Hz, 2' |

ldrylng tube and heated at 55~ 60°C ’ After 65 hr tlc

. pentane——ether,7 3) showed good conver51on of 93 -

'(R ~ 0. 23) to a faster mlgratlng product (Rf '0 Q?)..’J
;_'The reactlon mlxture ‘was- dlluted with CHCl3 (10 ml) |

'and washed w1th saturated NaHCO3 solutlon (16 ml)

t;and H0 (2. X, 10 ml) The organlc phase was drled over.
- Na 804, flltered and evaporated , The mass spectrum |
di‘of the resultlng syrup was compatlble w1th the for—'“
9!_matlon of n-propyl 2-s-phenyl 3, 5 dl-o benzyl 2 thlo-'pr*
B and/or a-D-rrbofuranoside (96 and/or 97).; m/e 464
h](s 9, M). 404 (9, 5, M-CyH,OH) , 267 (34, 404—c6 5~ c0)._.d :

7 7

| “jtlve tlc (pentane——ether, 9 l, developed tw1ce) of

’che syrup resolved three major components A ba?d at f(pj

| ,‘fled as the B-anomer (95) nmr (coc13) s o 82 (t, |
"'3_~J = 9.0 Hz, 3, CH2CH3)' 1.47 (sextet, i 7 Hz, z,;‘pfgg -
‘:?fcnzcnzca ). 3 25, 3. 59 (ABq of triplets. gGEM ‘é“sgitf

-GEM

146

o~ cn co>,_91 (-~ 540 c7 = ) Prepara_».ln\'n' .

'l’{Rf 0. 27 ylelded 23 mg of a syrup tentatlvely ldentl-*"r-{7’iﬂ

_vic ..§ 5 Hz, 2, ocnzcxz). 3 56 (d..:-J5 5._4 3 ?Eifﬂif'”'
A | - 2 3 Hz, J2 3 5 5
"flﬁzrzlv B ), 4 55



. of EtOH was- added. 45 mg ’(

"fycarbOnate. The mlxture was

‘147

as the a—anomer (97). nmr (cnc1 ) a o 92 (t, J = 7 3

B Hz, 3, CH2CH ), l 64 (sextet,‘J - 7 Hz, 2, CHZCHZCH ),

3.2- 3 8 (multlplets, 5, Hz, “5' Her, ocnzcnz), 4.0
~ld of a, J3 2T 7.0 Hz,'é3 4= 2.7 Hz, 1,. 3), 4.27°

’j(br t of a 4.0 Hz, ),-

r I3 - 2 7 Hz, 345 s

] 4. 44 (s, 'y 3 or 5- ~OCH, c Hs), 4. 49, 4. 69 (ABq, JGEM

l H ), 7 25 (m, 15 3+5-OCH2C and 2~ SCGH )

685 |
A thlrd band at R 0 36 gave 6 mg of a syrup '

n whlch was subsequently 1dent1f1ed as the 2—phenylth10-

:glycal (98) (see reactlon of 93 w1th ethanol) L

‘; Reactlon of 93 w1th ethanol 1n the presence of"n

‘,;”'barlum CarbOnate.,.i | |
,. : To~a sOlutlon of 29 mg (0 058 mmoles) of 93 |
;;fln l ml of dry CH3CN contalning o 03 ml (0 515 mmolesy”

23 mmoles) of barlum

‘ftirred mégnetlcally whlle_f'K 

:‘fflprotected from m01sture by a Drlerlte drylng tube and

7s7¥heated at 75 80° for 20 hr. Tlc (pentan9-etherv s 3’m :

'?%jfshowed good conversibn of 93 (R L~ 0 22) to a faster A;int?,;t

L S
'”‘Cellte.: The filtrate was washed with saturated NaHCO'

_t”;migratlng product (R ~ 0 S) The reaction mixture n“7
Aiffwas diluted W1th CHCl3 (10 ml) and flltered through
'";.{Qsolutlon (5 ml)/and nzo (3 x 5 ml) The organic phase};€

:fﬂwandrled.ovév?ﬂa2804fjfiltered and the filtrate




’-?11 3 Hz, 2 3 or" 5 -OCH. Cs“ ),'5 os (d, 1 , =2.1 nz,‘"

‘:‘(ABq of quartets, J

2. 1 Hz,

v“:1 Hl). 7 30 (m, 15 345- -OCH,

evaporafed Preparatlve tlc of the resultlng syrup ‘

;_(pentane-—ether, 8:2) revealed two ma]or bands at ‘
'Rf s ~ 0 51 and 0 61 The Rf 0. 51 band ylelded 15 mg )
;of ethyl 2 S-phenyl 3 5 dl-O-benzyl -2~ thio-2- deoxy B-

- D-rlbofuran081de (99) as’ a colourless syrup n@r o

(cnc13) 5-1. oe (t,'; : 6.9Hz, 3, ca CH3), 3.36, 3.69

7

—GEM 9 8 Hz, £v1c '6 9 Hzo‘>,f>

qocn cn ), 3 56 (m, z, 5, He .), 3. 88 (d of d, JZ:I?J

L2- 3 |

4.55 (s, 2 "3 or 5- oca2 6! 5), 4.47, 4. 70 (ABq. TeeM =

2“—.

-_m/e 450 (13, M), 404 (8 6, M C2 OH), 267 (43, 404—

"'ﬁ'csnss co), 255 (100, 404 ~C_H.0- cuzco), 91 (- 1020,:

B . ;‘Cp\i{\ . e .

1 7

) ChE
7 : ‘ . : PR ,
The Rf 0. 61 band gave 6 mg of a colourless

esyrup whlch was tentatlvely 1dent1fled as - Z—Svphenyl-f°f‘““"

'f33 5-d1-0~benzyl 2 th10~D-arab1nal (98) nmr (CDC1 ) j_d’».“

o fs 3.54 Ya, g 35, 50 4f- 4.8 Hz, 2, By, B -), 4.50 (s

,5'lover1app1ng m, 5: 3+5 ocazcsn5 and H ), 4. 69 (m,,i;} )
), 6. aa (s, 1, al), 7. 1-7 4 (m. 15. 3+5 OCHZCGH and;"‘

- 5.5 Hz, 1, 2), 4 33 (m, 2, n3 _4), EERER

‘148

‘t".flz-sc ), s m/e 404 (100, M), 296,(33, M-C7H7OH). 283f;5 R

u-——-

‘?gjj(zo, ¥ c7n7—cn 0), 267 (13, e Csﬂs ~c0), 91 (- 470,-:t,f;75*°a"




| l'f;gﬂcolourless syrup [d]nN +57 °° (C 1. 98' MeOH),}

‘7B—D-r1bofuran031de (100)

t;dlluted w1th 50 ml of ether, flltered through Cellte‘v
Pfand the flltrate was evaporated. The re51dua1 yellow
Tfsyrup was dlssolved 1n a mlnlmal.volume of CHCl3 and
gl;applled to 4 preparatlve tlc plates (20 X 40 cm)
':‘Whlch were. developed 1n pentane——ether (7 3) The

e

.Lumajor band (R o~ 0. 5) was eluted w1th CHClB——MeOH (9 1)

149

o Methyl 2 S benzyl 3, 5 d1—0 benzyl -2- tth 2- deoxy—

Y

To a solutlon of 2. 06 g (4 0 mmoles) of 94 in

-A30 ml of dry CH3CN was added 1. 28ig (40 mmoles) of MeOH _“
7_and 2.36 g (12 o mmoles} of BaCO3 The mlxture was
m7‘st1rred magnetlcally whlle protected from m01sture by
» a Drlerlte drY1ng tube and heated at 60°C After ﬁpi? -

L12, 5 hr the reaction mlxture was allowed to cool

'Aﬁand the eluate was evaporated. The re51due was. co*" o
evaporated thh ether (3 x 30 ml) to yleld‘l 45 g

h"_‘(80 5%) of chromatographlcally homogenous 100 as a ;f:f '

A /.

r";;;(coc13) § 3. 22 @ of a J2 il” 2.8 Hz, z 3’” 6.1 Hz'f”;a.. T
--;Zi,fuz). 3.30- (s.‘S. ocE; 3} 346 ‘d' 5 51g =502 e R

.—-—.—

'~iyi;}f2,.ns, 35'). 3.78 (s, 2, ‘2~ scn C6H ), 4 06. (d of d,lAf}ff5

f fﬁff%s -2

6 0 Hz, 5 0 HZ, 1, H ), 4 23 ( q




‘“'“§4 5, 5'

"f'f?;fcalcd forﬁp283320 328:9

450 1850 (0 55, M, calcd for C27H3004 S: 450. 1865),v

418 (18, M- CH30H), 327 (8.1, 418-C.H D 299 (18,
327-C0), 295 (9.7, 418-C . S), 269 (100, 418- c7n7o—»

»'cnzco),‘SI'(f;loo. 7 7 y.

e e 8 ey

150

L7
i

Ethyl 2 S benzyl 3, 5-di- -0- benzyl 2 tth 2~ deoxy-B-*

) D-rlbofuran051de (101)

8 A solution of 0.49 g (o 95 mmoles) of 94 in'5 ml

\ - . of dry CH3CN was treated w1th 0 46 g- (10 0 mmoles) of

EtOH and’ 0. 59 g (3 0 mmoles) of BaCO3 as descrlbed

”V:above 1n the preparatlon of 100 The major band o

"ftfrom the preparatlve tlc plates (R ~ 0 45) ylelded

23

**_tvo 322 9 (73%) of syrupy 101 ,;qJD +41 5°'(c-1 3.

-

f'cnc1 ); nmr (cuc1 3). c 1 14 (t,Aé_é 7. 0 Hz, 3, ci,c 3),, |

3. 21 (a of d,< 2 1T 3.2 Hz, I3 6 o Hz, 1 H ),,, ;v-

t[3 45 (d,. 3; 5. e 5 2 Hz, 2, Hs. H '). 3. 44, 3. 75

’%‘1(ABq of quartets, ¢EM 10.0 “z'i_vi =70 Hz' 2' e

~.ocnzcn3), 3. 78 (s,vz 2- scn csn ST 06 it q" 33”4;&':1 e

v;.:;4 7 HZ, J3 2 6 o HZ, 1' 3) 4 21 (nqn' £4 3 5 t ¢Ti_

5 Hz, l. ,4), 4 36, 4 54 (qu, hGEM =’il*5 ;.:n '

: fHZ, 2 3 or 5 0CH2 6 5),}4 48 (51;2 3 or 5 OCHZCGHS)';_?«'”

sy oa-(a, 1’:‘* 3.2 Hz, 1 Hl), 7.26 (br- s,_15 s
- ocH,CH, and 2—sca2 6Hs). ns we 464 2037 (o 13, M,;-.

Ala-c u,),falo (15,4418-c7a oa), 299 (23,,,,_

s327-co), 269 (109;'

”'“”:fy 91 { 780, c7n7 )



'f;ﬂﬁCH(CH )2) 3. 18 (d

. ﬂ§c6H ), 4 49 (s, 2, 3 or 5 ocazcsn ), 5 22 (d, 1 2

A'minor band at R, ~ 0.57 yielded 4 mg (~1%) of
" a eyrupy prbduCt thet was Subsequently_identified as |
the 2 benzylthloglycol (103) (seeereaction of'gg with

6-chloropur1ne)

L lso-Propyl 2~ S—benzyl 3,5~ dl—O benzyl -2= thlo-"‘

3 2 deoxy B-D-rlbofuran051de (102)

. f A solutlon of 1 04 g (2 o mmoles) of 94 in 15

.ml of dry CH CN was treated w1th 1. 20 g (20 0 mmoles)

"3
‘of 1so-propanol and 1. 18 g (6 0 mmole) of Baco3 as

“descrlbed above 1n the preparatlon of 100.u Prepara-

\'tlve tle of the resuitlng crude syrup of 102 on three»k S
“,{eplates (20 x 40 cm) developed three tlmes ‘in. pentane—— '

]«ether (9 I) gave a narrow separatlon of 102 (R - 0 42)'

‘e:and 103, (Rf - 0 53) The Rf 0. 42 band ylelded 0. 702 g

7Ae{(73%) of 102 as a °°1°urless syrup-“ [a] +41 9° (ceﬂ:';

'1.84, MeOH). nmx (€§§13) § 1 15 (d, 3= 6.0 Hz, s,.<

d" Jooy
2)!347 (d'SS' =55Hz'2 HSIH'),389

:M(septet, 3= 6. 0 Hz,Al, pca(cn3)2), 4 03 (m, T3-q 7 4:5

”rnz, 1, 1, P 1. 21 R SR PN ) S»Hz,‘1,~_f
Hy)\ A 38, 4. 54 (ABq, gGEﬁ =12,0 6z, 2, 3'or S'OSEE.N,

S SCHzceﬂs” me. m/e 478 2147 (o 15, M, calcd for
.

o 325.- 478h2178), 413 (6 s, u-cB 703), 327

T 29“34 e
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(5. 4, 418 -C. H7), 310 (16 418 C7H70H), 299 (39 '327-c0),

295 (8 8, 418 C JH S), 269 (100 418—C7H7O CH CO), 91
0 - | | | S
» Methyl 2 deoxy B~ D—erxthro pentofuran031de (104) R

Tt

| Toa solutlon of 1.39 g (3. 09 mmoles) of 100 ,'
‘1n SO ml of 98% EtOH was added 22 5g. (wet welght,v
| prewashed Wlth 98% EtOH) of Raney Nickel and the m1x~
- ture was refluxed for 1 hr.y The hot reactlon mlxture
N was flltered through Cellte and the fllter pad was |
| dijwashed with b0111ng MeOH (4 x 30 ml) The combined -
“‘fllﬁrate was evaporated and the re51due was dlssolved
'A;n acetone.A ‘The resultlng suspen51on was flltered
[ivthrough Cellte, the flltrate evaporated and the re51due
jhwas coevaporated w1th acetone to yleld Q. 454 g (99%)
:afdof 104 as a pale yellow syrup Tlc of thlS product .
4';aCCHCl3-MeOH 95 5) showed a maJor spot for 104 (R ~ 0 1) ;;"
';Whlch mlgrated faster than 2-deoxy-D—r1bose (R S~ 0 04) |
1;;an extremely falnt Spot (less than 5%) at Rf ~ 0 4 was_~’h'
”hffpresumed to be 1ncomp1etely debenzylated materlal B
-ffrhr syrup had [a]D3 102 2 (c .65, MeOH), mg
"ffénmso-d ) 6 1 94 (m, 2 nz, H ), 3, 20 (s,_3, ocn3)

oy

'33 (m. 2. S,An -). 3 7o (m, y _4), 410 (m, 3_4gr,‘-«

j@ Hz. 3 2 2 6 o Hz, 1, Hy) . 4 56 - (br t, ;oa 5 5,';'[;_;“‘

i Vs, S‘Hz, 1, V-OH), 4.94 (br d, 1, 3-0&), 4.96 (d of 4,

3, ~ 4.8 Hz, O_Hz, Ly, Reportedzzz’

. L
Sy

-



-

"’,‘ Reported 222) for the a*anomer of 105-._{ ]D

153 ¢

“for the a-anomer of 104: [a]D +70.0° (c 2, Hzoh

Ethyl 2Fdeoxy-B¥b?erYthfo-pentbfuranoside-(105).r
Desulphurlzatlon dee?nzylatlon of 0 29 g (0. 625
mmoles) of 101 u51ng 3 26 g of Raney Nlckel was

.effected as descrlbed above in the preparatlon of 104

to yleld 0 094 g (93%) of 105 as a pale yellow syrup: _

-[a1§2 ~63.7° (c 1.06, MeOH) ; nmx - (DMSO-gg) 6 1.09 (&,
3= 7fo Hg,:37 CHZCH ), 1.96 (m, J,_ 3'— 5.5 Hz, Ty 3=
'” 6. 0 Hz,.2;' 2, -), 3 2 3 8 (multlplets, 5, H4, H5

'_3_2,_ 5, 7 Hz,_l, Hy), 4. 60 (broad peak, 2, 3-on, 5-

‘*on), 5.09 (@ of 4, 3y = 3.5 Hz, J

o £1-2° I 2"
:-‘-l)' a small peak at §. 7 32 1nd1cated the presence of

»*3% of a presumed benzylated 1mpur1ty 1n product 105

20 +48 8° (g~

 ,2 HZO)
1so-Propyl 2 deoxy- -D-egxthro pentofuran051de =

o

_ Desulphurlzatlon—debenzylatlon of 0 702 g (1 47
'i7mmoles) of 102 using 10 4 g of Raney Nlckel was effectedg'T

ieas déscrlbed above 1n the preparatlon Of 104 to Yleld

'*‘?;”O 254 g (100%) of 106 as a colourless syrup [a]

,_e1-99 zo kc 1 69 Meon),_nmr (DMSO-“G) § 1 os, 1. 1o (a, d'fﬁi"f



3= 6.3 hz, 6, CH(CH,),), 1.91 (m,

. 6.3 Hz, 1, ocH(cH, ) ), 4.12 (m,

4 —372,2'

‘-}ferxthfoepentofuranOSide'(107).

AF- 2N

3y 9001 4.5 1z,

5.7 Hz, 2, H,, Hyr), 3.38.(m, J I5. 504 §.6.3>

——-—-

d,2'-3 "

Hz, 2, Hs, Hs')' 3.70 (m,, ' _4), 3.81 (septet, g = '

34'~35Hz,

~ 5.7 Hz, 1 H ), 4.50 (t, J Jo-5 = 5.5 Hz, 1,

S-OH)_; 4-89 (d’ '-J-OH 3 = 4 7 HZ, 1, 3 OH), 5 21 (lit"

J5- 2 l 2.'~ 4.3 Hz, 1, Hy), a small peak at, § 7. 32 :

'“1nd1cated the presence of 1ess than 3% of presumed

"benzylated materlal in product 106

&

. , . & S . : .
. a4 . . Methyl 2—§éoxy-3,S—dieg—g—nitrobenzoyl—6—2—

S
o g i

[
S

Eletrobenzoylatlon of O 200 g (1. 35 mmoles) of .

',104 US1ng o 75 g (4.05; mmoles) of Ejnltrobenzoyl

‘chlorlde 1n 5 ml of dry pyrldlne Was effected as des-

| crlbed by Ness et ai

197).° Crystalllzatipn of the

. resultlng syru from 50 ml of b0111ng absolute EtOH'?
: B g

‘gave 0. 513 g (85%) of 107 as. mlcrocrystalllne needles;’1'

‘mp 145- 145 5°- [a] —6.2°'(c 1.6, cnc13), nmr (cnc1 )

8 2 41 (d of t,
'fl, nz.),sz 61 (d of q of d,

2 HZ ’ '-'

| -”’*3*2’ a
.vf3¥§¥CQC6H4N02) Reported197) mp: 143 144°c, [a]D.,—s.4??a

Jpro1 = oo 3f“'5 -1 Hz, Iy
2 1 = 2. 5 Hz,, 2 3 6 7

U Hz, 3, 2;?f 14 Hz, 1,8 ):¢3 38 (s, 3, ‘och 3 4.45- 4 75

-——-——-.

'(multlplets, 3,; 43 HS H -), 5 7 (d of d,: l 2‘— 2 5

= 5.1 Hz,. - 2. 2 Hz, 1, a ), a 15 8: 4 (m,, ,;,e‘

x’?

-3- 4



f,‘descrlbed by Ness et al

(c 1.16, CHCl,).

Anal. Calcd for N,0.0: C, 53.81, H, 4.06,

. | 20%182%10° .
N, 6.28. Found:.ZC, 53.55; H, 4.01; N, 5.96.

'iso—PrOle32-deoxy;3;S4di-gfgfnitroben20y1-312~ S

@

erxthro pentofuran051de (108)

ngltrobenzoylatlon of 0 091 g (0 52 mmoles) of
106 u51ng 0 295 9 (1.59 mmoles) of. E—nltrobenzoyl ,;
Lchlorlde in 2.5 ml of dry pyrldlne was effected as :u’
197)‘ Crystalllzatlon of the
,;Aresultlng syrup from ether~—pentane ylelded 0. 177 g
(72.5%) of flne, pale yellow needles of 108, mp 105 5—
106°C.. A sample for analy51s was- recrys;alllzed from

,ether——pentane. mp 105 105.5°C; [a] -16 5° (c 1. 5,

CHC1,); nmr (CDCI, ) §1.17, 1.20 (4, d, J = 6. 2*32, ' ”

6, cH(CcH, ). S 2.3 ~2.7 (m, 2, Hy, H2 ), 3.96 (septet,,

-——....

‘J = 6 2 Hz, 1, OCH(CH 3)2), 4 4-4. 47 (multlplets, 3,

'H4, B, Hg'), 5.53 (d of a3

di-2 =;3'5 Hz, J

£1-2"

SOHZ,l Hl)'565 (ml 322!

1, H 3 8 .1-8.45 (m, 8, 3+5-coc6n4noz). .Reportéd;

197)

mp 103~ 104°C,A[a] 16 4°. (c 1. 4, CHCI )

Anal Calcd for C 2H22N2010 C, 55. 69 H, 4 63;

. . s \ o
. N, 5, 91 Eound c, 55 40; H, 4. 64 N, 5 75
‘ | \ . . /'/l/ ’ :

;fé;néactibh of 94 with 6-chloropurine. -

.ﬁf To a-solﬁtibﬁ'0f53-22 g (6;25;mmolés) Qf72i in -

- 5.7 Hz, Iy - 2 He,

155
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_L'_4o ml of dry cH3CN wag addedfl.93 g'(iz.s mmoles) of 6~
/ 'dchloropurlne and 12. 3 g (62.5 mmoles) of BaCO3 The
resultlng mixtyre was protected from m01sture by a |
urlerlte dryln tube and was. stlrred magnetlcally at

60°C After 15 hr, tlc (pentane-MeOAc, 7 3) shoged

o complete cpnverslon of 94 (Rg ~ 0. 45) to major spots

;> at R

g's .~ 0. 65 and 0. 35 as well as-a’ mlnor spot at
er'~ 0. 15- Both the Rf 0. 35 and 0 15 spots showed )}n« v
'strong absorptlons when v1ewed under 254 nm . uv llgh‘.

“The reaction mlxture was allowed to cool to room R ‘, .

..ptemperature and was diluted wath ether (200 ml) -and .

.fthen flltered through Cellte.; The frltrate was cooled :
in Ace water and was extracted w1th 1ce cold solutlons

" of saturated. NaHC03 (2. x 50 ml), nzo (2 x50 ml) and f

i saturated NaCl ' (2 x50 ml) The organlc phase was

dried over Na2§o4, flltered and evaporated to yleld

‘v_a yellow syrup (3.06 g) Thls syrup was dissolved

.xn a mlnlmal VOlume of CH2C12 and applled to. a short o
;'e8111ca gel column (4 6 x 17 cm, 100 g) packed 1n A
~1dCH2C12 The column was successively eluted with ]

_ dCHZClz (300° mi), c52012—~ueou (99:1, 300 ml), cuzc12
 MeOH (98: 2, 3oo ml) ana cn5c12-—ugon (97 3, soo ml)

‘ vat a flow rate ~20 ml/min. The column eluate from

| ;ii_250-550 ml was colleeted and evaporated to give 0. 67 g

of crude: syrupy Z*S—benzy1~3 S-di-o-benzyl 2-thio-»"7" v

“lixgrarabxnal (103) 3fh syrup was purified hy prepara-t
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Atlve tlc on 2 plates (20 x 20 cm) whlch were developed
”1n pentane——ether (7 3) The major band was eluted

‘with CHC13-—MeOH (92 8) and the eluate was evaporated

!
Coevaporatlon of ‘the re81due with ether (3 x 20 ml)

- gave 0 538 g (20 5%) of chromatographlcally homogeneous

103 as a colouiless syrup: .[alzﬁ +102.1° (¢ 1.52,

'7cnc13); nmr (cpe1, ) 5 5. 20, 5.41 (aBg of doublets,f

‘gs 1.4 T 6 1 Hz, 5‘5' = 10. o Hz,‘2,- He, n "), 461,
~4 77 (ABq, JeEM. 12 7 Hz, 2, 2- scnzcsgs), 4 34 (d of
:d, Jq 1 = 0. 9 Hz, I3.4.= 3.0 Hz, 3), 4 48, 4. 56

‘.‘,(s,vs, 2, 2; 3+5 OCHZCG 5), 4 62 (t of d, 3 4 = 3 0 g?,__
.7_4 s, 5,4f 5 1 Hz, 1, _4), 6. 38 (d, J;. 3‘= 0. -9 Hz, Lo '.

:m/e 418 1624 (100 M, calcd for Czs“zs°33255 418 1603),

| "e;n310 (2 6, M-C7 703), 231 (10), 91 (~ 850, c7 )’ *).
“ L.'_ The column eluate from 1000 1400 ml was: collected
vreand evaporated to glve 1 84 g of yellow syrup Tlo R
,.(CH2C12.Me0Ac, 99:1 deVelbped 4 tlmes), revealed the'jl
'"fpresence of maJor and mlnor v, absdrblng spots at _,,;
' win's’~ 0. 3 and 0 l respectively, and also a weakly uvid_i_
- dabsorbing spot at Rf ~ 0 4 whlcn was very narrowly
2'e3tf‘separated from the Rf 0 3 spot. The components were ;?inﬁtp;-fl
'~r.sgparated by preparative tlc on 4 plates (20 £ 40 cm);'Efii B
"°vjj;whicn were developed I8 times in ca c12-—ue0Ac (99=1).;-7“°d
:uf;The major uv absorbing band (Rf 0 3 spot onetlc) was,

Pgelutga with cnc1”f;”eon (9 1) The eluate vag evapo;{'“




. 416 (d of d, J3._ 2.]: 5.3 nz,‘ Tyig

""<>E3 +5'-OCH

g X
572, 1669 (293 M, calcd for c31329n4o3 s*c1: 572. 1650),Aﬁ,ﬁ

rated and. the re51due was coevaporated with ether (3 X

'_20 ml) to yleld 0. 900 g (25%) of a mixture of the.

B and a-anomers of 6—chloro 9- (2-benzylthlo-3 5- al-o-,f“

j-benzyl 2-deoxy-D—r1bofuranosyl)purlne (109) 1n a ratlo 3

,~9 1 Uv max (MeOH) 264 nm (e 8, 420), (HC1) 264 nm

(e 7 940), nmr (CDC13) peaks a351gned to the B—anomer.

ary 3 .53 (s, 2, 2'-scnzcsns), 3. 49,<3 71 (ABq of doublets,,‘

:f5‘|'5.|‘_4| 3 6 Hz' 5| ."' 10 5 HZ, 2 Hs T 5”)'

3 92 (d’Of dl '2| 3‘| = 5 3 Hzl 2'-1' = 7 5 HZ, lp 2 ')l
N \ ' . .

3')' 4. 33 ("q", gq 5- 5- f -4.-3-\5'3 Hz, 1, _4.),*

4.42, 4.56 (ABq, Jgpy - 12 Hz, 2, 3' or. 5 —ocnzc Hs) o o

—GEM
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4. 50, 4. 64 (ABq, ~GEM" 11 1 uz, 2, 3' or 5'—oca2c635). o

W6 28 (d,v z,v 7 5 Hz, 1, l), 6 8- 7 5 (m,‘15,‘

2765

- H 2, ), peaks a351gned to the a-anomer°' 6 6 58 (d,
g - 8 Hz, Hl"' 8.64, 8. 69 (s 85 nz. -e" ns m/e

32,35,

:;_'537 (4 9, u-cl), 481 (13. M-C7H7), 450 (24, M-CBH 0), g

"'418 (100, g—aa), 205 (55), 155 (95,*352). 91 ( 970.

P Similar elution of the minOr uv. absorbing band-

-t(Rf 0 1 spot on tlc) gave 0 388 g (ll%) of a mixture  ',?
ﬁf,iof the s and a-anamers of 6-chlorc-7-(Z-benzylthlo-B 5-

":"di—o-benzy1—2-deoxy~D-ribofuranosyl)pnrine (110) in a ei

-  3rj,ratio ~4 1._ uv max (Me@H) 259 nm.(e 5 980)' (HCI)

CGHS and 2' sca2 635), e zo, 8 64 (s, s, 1, 1, AR
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-267 5 nm (e 6, 200), nmr (CDC13), peaks a351gned ﬁﬁ the
B anomer 6 3 40 . (s, 2 2' SCH2 H ), 3.3~ 3.75_(multr—

[O—— e‘._ e e

| gplets.,3. Hy'o Hoto Hgw), 4:04 (@ of dr 3. =1 s7ng;w~"
J31-21 = 5.3 Hz, 1y H3.”4 28 (br q. 1, §4-), 4. 40,
4. 57 (ABq, QGEH.— 12, 0 Hz, 2, 3" or 5'= ocuzc ), 4. 55,.

',4 69 (ABq, A 12 o Hz, 3 ox s ~OCH CGHS)' 6. 64

' (d 7 8. 5 Hz, 1, Hl.). 6 75 7. 5 (m, 15, 3'.andi*

Jyrege =
5°. OCHZCGHS and 2' SCH C6H5), 8. 52, 8 85 (s, s. 1, 1;

Sl

"_SQ ); peaks assxgned to the a—anomer ‘ 6 6 70 (d, .'“ .

= 7 0 Hz,,q -), 8 85 ‘8. 96 (s,‘s//Hz H ),

‘ ; 1! 2! g
e L 32 35
\m/e 572 1669 (12 M, calcd for C31H29N403 S” Cl

8724 1650), 537 (4 9, M-Cl), 481 (31, M-C ). 451 (27,

| _ZM c7H7OCH2). 418 (51, M—BH), 245 (100, BH +. C7H ),_155

| f»g(39, BH, ). 154 (21 Bu), 91 ( 1200 @, H |

- === : '

5 Elutlon of the weakly uv absorﬁlng band (R 0 4
spot on tlc) gave 0 39 g (14%) of a colourless syrup
,-Awhlch was‘%entatlvely 1dent1f1ed as 2-benzy1thlo-3 5—h 

j'gdl-o-benzy1—2-deoxy—D—arabinose (111).- nmr (CDCla)

| *{ﬂ};a 5:.0-5:5 (broad multiplets, 1 o, B-Hl), 7. 31 (5: 15,[

"3+5-0C32 HS and 2 SCHZC 5).: Collect10n~and evapo-':'la“

| ‘jeirratioa of the eluate fram 750 1000 ml 1n the orlginal [g;}f“ﬁ

S

e -ecolumn chromatography gave a further 0. 46 g (~17%)

" of ‘crude 111. A sawple (65 mg, 0.15 mmoies) of pure ,gkf;f

) A R T
Ajzlll waskdissolved.in 2 ml of dry pyrzdine and treatedpu};'l
'"ffwith 0.2 m (2.

(0 08 mmoles) of 4-dimethylaminopyridine to effect @;5}1.52.&'z”

Z,mmoles) of acetic anhydride and lﬂ;mg
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- aeetyiatiOnfof.theulﬁhYdroxy1 group; .After‘Stirring;"
ngor'o.s;hr,;btz ml ofiﬁzqiwae'added and stirringuaé' .
'~COnti;ued'fer atﬁurtherv0.5<ht'to_hydroiyze thedekeess\'x

"-acetie}anhfdrided :The reactien'mixture‘Wae diluteda"
fw1th ether (15 ml) and washed w1th saturated NaHCO3

’solutlon, Hzo and saturated NaCl solutlon.d The o

S .

.g‘organlc phase was evaporéted and the re51due was co-
j:"u'.evaporated succe551ve1y w1th EtOH, toluene and ether_'1 :
,*]:'to give a yellow syrup (70 mg) of the l—o—acetyl
:derlvatlve (112) ‘nmr (CDCl ) 6 1. 90, 2.00 (s, s; 3,1‘V‘ -
fj;a,a ~0COCH 36 13, 6.27 (d, 4 gy 2’5 1.2 Hz, 1.8 Hz,
| udl, o, B-;_;, 7 1- 7 3 (m, 15, 3+5 0CH2 “gHsg and 2= SCHZ-,;.?.{*'

A ———

\.,"

9 (2-Benzylth10-3 5-d1-0-benzyl 2-deoxy-a B- -‘

L D-rlbofuranosyi)adenine (113)

. Aminatlon of 0 844 g (1 51 mmoles) of 109 dfytd
':d'was effectedzZG) by treatment with ~10 ml of anhydrous - o
=‘ammon1a in a staiﬁless steel bomb After stlrrlng .
diimagnetically for 20 hr at room temperature the
*'frammonia was allowed to evaporate.- The residue was “l\

RN ftreated with C32C12 (50 ml) and the resultzng mixture L

Eix 25 ml) Tlc (ﬁnc13~—ueon;'

";fffwas washed withaﬁzQ (

\i1;95 5) of the organic phase”showed.complefe_conversionv
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_  the reSidue waS“coevaporated SUCCessively With’EtOH |

,f_.ative tlc (enel

(20 ml) and CH c12 (3 x 20 ml) to' glve 0.80 g (98%)
of crude 113 as a colourless, SOlld foan. A sample |
“lpof the crude product (100 ng) was purlfled by prepar~ o
3—%MeOH 95 3 developed tw1ce) to yleld‘
'{ 92.mg of pure 113 as a colourless, SOlld foam L,
uv max (MeOH) 259, 5 nm (e 14 900), (HC1) 258 5 nm
jv~(e 13, 600), (NaOH) 259 5 nm- (s 14 700),‘umr (CDCl35‘
.‘peaks a351gned to the. B-anomer' 6 3. 54 (s, 2, 2' :'}
‘;SCH C.H, ) e 3 52 3 72 (ABq of doublets, 5 5 4 I

276 5

 4.3BZ, 35 5w = 10 2 Hz, 2, HS.,' S..), 3.95- 4 20

"(multlplets, 2, sz,‘H 0. 4,31 (br g, ,-_4-). 4.40-

I 65 (multlplets, 4, 3 +5'-OCH2C6 5). 6 06 (br S, 2,.

»f,j;~9 1, ms m/e 553 2190 (6 0, M, calcd for 031531 503

‘,fp—unz), 6.27 (4, 3 . 2y = 6.4 1z, 1, B /). 6.95- -7.50
Li_(multlplets, 15, 3'+5'-OCH206H5 and 2'—scnzc HS), 7.90, .

8, 30 (s{ s; 1, l,~ H,, Hg ), peaks assigned to the =
B a—anomer s 6 62 (d, Jl, 2, = 7.0 Hz, l.), 8. 35, -,'4-
7‘8 39 (s, s, Hz, Hs), the ratio of B to a-anomers was ;_ffw

| ssa 2148), ‘462 (27, n c ), 431 (11. BC HGS), as

i"df(77. weem. 324 @1, 431—07a 0), 310 (15: 413‘C737°H" T

'#1154 (za, BH + cno). 136 (100, Bﬂz)v-135 (31' BH" 91




Co2 -scn2 Gn ), 3. 16 (a of d,_
‘-ffs 2 Hz, 1, .), 3 31, 3 ss (ABq of doublets,'“f

162

Amlnat1on of 0. 32 g (0 56 mmoles) of 110
hwas effected as descrlbed above 1n the conver510n of _f.h

- 109 to 113, Tlc (CHCl ——MeOH ' 95 5) of the crude d

3
" product (0 31 g) showed complete conver31on of 110

'[(R ~.0. 6) to 114 R, ~ 0. 3) and 115 (Rg ~ 0. 23)

£
. These two components were separated by preparatlve i
tlc (CHC13-MeOH,,96 4 developed tw1ce) on 2 plates:v.
} (20 X 20 cm) l The major, faster mlgratlng band was. |
,:eluted wmth CHC13~—MeOH (8 2) The eluate was:ffg
"evaporated and the re51due was coevaporated w1th :"
fA,CHZCl2 @3- x 20 ml) to y1eld 0. 215 g (69 5%) of 114
;:as a colourless, solld foam Crystalllzatlon of thls '_
| mater1a1 from acetone——ether gave (2 crops) O 155 g fhf‘
'-dfi(50 5%) of pale yellow prlsms of ll4 mp 94 5- 96°Cy o
7j'uv'max (MeOH) 271 5, 253 nm (sh) (e ‘8, 9oo, 7, 100), |
pf‘(HCI) 274 5 nm (e 12 000), (NaOH) 271 5 nm (s 8 800),
"z;jnmr (cncl 3 6 2 86 3 25 (ABq, _GEM = 13 7 Hz, 2,

1’ | —3' .."~-" i U

,‘,J,sl 5" 4. 1 4 Hz, 5.; = 11 0 HZ, 2 HSH —5")' . N
'};?i;ff4 05~4 25. (m, z, B, ,.».4,)1;4 27' 4 %ﬂ (ABq, ;GEM

3 SR A Y B AL s e s F -

L it £ ok A
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calcd for C, H, N.0.3%5: s53. 2148), 462 (2 5, M- o

31 31753 .
C.H, ), 418 (97, M-BH), 281 (8. 9), 135 (100, BH), 91
660, ¢y, ") R
| Elutlon of the mlnor, slower mlgrating band |

vgave 47 mg (15%) of the a—anomer (115) as an amorphous -

: solld. Crystalllzatlon of thlS materlal from acetone~—_
l_.ééher gave 37 mg (12%) of 115 as a mlcrocrystalllne' B
filsolld.v mp 156-157°C; [a] 441, 1° (¢ 0.75, MeOH),.uv S
 £:max (MeOH) 272 247 nm (sh) (e 7, 950, 6 900), (HCl) o

j"ff'267 5 nm (e 11 350), (NaOH) 272, 247 nm. (ah) (e 8 100,

h L7 000),:nmr (CDdl 3) § 3. 38 (m, 2, Hs" »), 3 62 (s,,-",
.f~j2 2 scnzcsas), 3. 68 (t,»Jz. 30 foaz. 1., 6 4 Hz,~
ff{_ 1, Hy0), 4.05-4. 25 m, z,'naq,-

".ofs OCHzcsﬂs)'.4 48 4. 62 (ABq, _GEM'— 11 3 Hz, 2,'3' |
‘fjor 5‘ OCHzc us), s 31 (br s, 2,1 -NH ), 5.75" (d,  "”

), o444 (s, 2, 3"6r_-;;

——— __—-

ffEJl. g1 =6 3 Hz, 1, 1.), 7.06. (s, 5. 2'- scazcﬁns),_;;iﬂ-f:‘
_"w,7 1-7. 4 (m,,lo, 3'+5'-OCH206H5), 8 44 8 73 (s, 85 1, _»-,d;}"
"“2,1._32, Hg). ms: /e 553, 2}45 (4. 7, M calcd for S

H,,N.0 32 | 553 2148). 4 62 (12 yrc,a ), 431 (7 6,;,fff

o,.'ji3@ 31 31573

C; 67 24; H, el

'o}ﬁ calcd fo;vc3l_31N5 3

ffFound.L

c, 66 77, n,»s 59,

deoxy-o,-D-erythro-penté- -
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Desulphurlzatlon of 113 was effected accordlng '"_
to the procedure reported by Goodman and coworkers 19%)1931
}To a magnetlcally stlrred solutlon of 0. 545 g &0 99,
"mmoles) of 113 in 40 ml of dry DMF was- added 1.2 g
; ‘(wet welght, prewashed Wlth dry DMF) of Raney Nlckel.
"5._Hydrogen was bubbled gentiy through the mlxture whlch was .
-w;‘heated to 98- 100°c ‘for 1.5 hr with a 250 watt infra-red
' lamp.v The hot reactlon mlxture was flltered through .
’ Cellte and the fllter pad was. washed'w1th hot DMF (2 x -
f.'25 ml) and b01llng MeOH (4 x 25 ml) | The comblned flle ,-r~
. trat was evaporated and the resmdue was coevaporated -

£

_iw1th toluene (100 ml) ’ The re51due was dlssolveq 1n
.._acetone and the resultlng suspens1on was flltered through |
' ?:;Cellte.‘ The flltrate was evaporated to yleld 0. 254 g
"‘fod:(GO%) of crude, syrupy 116 Thls mater al was purlfled
”ﬁfhhby preparatlve tlc on two plates (20 x IO cm) developed o
A?;‘tw1ee 1n CHC13"—MeOH (96 4). The maJor band was eluted *»d":
"fifwith CHClB——MeOH (8 2), the eluate was evaporated and
.'fﬁthe residue was coevaporated wlth acetone (3 x 10 ml) ‘
o ‘;tf give O 168 9 (40%) of a colourless glass of 116- :
-[a] —10 z° (e 1. os, MeOH), v max (MeOH) 259 nm. f ,
“ip(e 15 000), (HCl) 258 5 nm (e 13 500), (NaOH) 259 5 nm’ :
fﬂfp[(e 14 500),»nmr (CDCI3), peaks aszsgned to the B-anomer
T 55-2.75 (m; 2, }12-, --), 3.68 (m, 2, n " HS--), '
S s a.45 (m, 2, n3., 4,
6. o\z (br s, z,-}» 6- - 6.4T




@

’:.f;ﬁj(broad, 838

325-(22 M C 0), 219 (45, 325 -C

-

,i,.gl{y,‘7,15;7,4v(m, 10, 3'+5'-0CH,C¢Hg), 8.08, 8.31

(s; s; 1, 1- 32,' ),‘no peaks attrlbutable to the_

a=anomer - could be detected' ms. m/e 431 1948 (2 6, M,'

’ '.calcd for C, 4l eN0y 431 1957). 340 (70, g c7 7

24 25 S 3

z HgO), 164 (88, BH +

CHO), 162 (26 BH + - C,H ) 135 (100, 352),‘135 (73,,',

e =Y

"BH), 91 ( 830, C.H

T

7-(3, 5 Dl-o-benzyl 2 deoxy B—D-erxthro—pento-

) _-'\

furanosyl)adenlne (117) B 'f L ffé'f

Desulphurlzatlon of a solutlon of 0. 120 g (0 22

‘*jmmoles) of 114 in 20 ml of dry DMF by 1 8 g of Raney
:{leckel was effected as descrlbed above in the con-

'”ver51on of 113 to- 116 | Tlc (CHC13——MeOH, 95 5) of the '

”‘:crude product showed approxlmately equal amounts of

~

"-'{117 (Rf‘~ o 45) and unreacted 114 (Rf ~ o 55) -as well
't?‘nf}nas a minor Spot at Rf»~ 0 07 These components were
R tSeparated by preparatlve tlc on one plate (20 X 20 cm)
ju'developed twice 1n CHC13——MeOH (95 Sb _ The: slower | |
fnmigratlng, major band was elﬂted w1th CHC13——MeOH (7 3)
i.'f and the eluate was evaporated to y;eld 19 mg (20%)

;3‘fof 117 as a colourless\glass.. uv max (MeOH) 271 nam -

r

5'az, z, H, " f

000), nmx. (cnc13) & 2.47 (a of d,:Jz, 20 1,vsj |
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’nffﬁiﬂg-), 4, 25 (m,_“ﬁp,fj;s:l}v |




1, . ')' 4 42 “(m,'. l H ')' 4 43 (s, 2' 3' or 5"" . ( »

, OCHzc HS), 4. 46, 4 60 (ABq, JGEM = 11. 5 Hz, 2, 3' or

——

"s ocn2 6 5), 5. as (br s, 2, 6-NH ), 6 08 (t, J,, 2, 2n =

7.1 Hz, 1, H '),,7 l 7 5 (m, 10, 3! +5'—OCH2C H ), 8. 00,

"8 42 (s, s; 1, l,: Hy H ), ms m/e 431 1968 (2 2, M,

calcd for C24H25N503 431 1957), 340 (13 M- C7H ),

:205 (37, 340 BH), 164 (24, BH + CHO), 162 (5 l, BH +

Elutlon of the faster mlgratlng, major band and ‘

4,evaporat10n of the eluate gave 21 mg (18%) of unreacted K df

{

.114 as a colourless glass..'

| 9 (2-Deoxy—a and B—D-erxthro-pentofuranosyl)—

e,-adehlne (a and-B-Z‘—deoxyadenosxne) (62 and 10)
= - ‘5.'

o A solutlon of 0 148 g (0 343 mmoles) of 116 1n
ig20 ml of 95% EKOH contalnlng 0 3 ml of 3 M NaOH was
-_thydrogenated at 60 p31 for 4 5 hr over O 15 g of 10% u5h*‘

Pd/C catalyst The reactlon mlxture was flltered

through Cellte, the fllter pad was washed w1th b0111ng
f';@, MeOH (3 x 10 ml) and the comblned flltrate was evapo- t.f
u.{&rated. The hydrogenatlon was then repeated for a I

‘Q%\further 12 hr and e reactlon mlxture was worked up

l:'fd,;as described above., The resulting resxdue was dissolved,f;ill,l‘

.‘-f'in 10 md of MeOH and stlrred for 0 5 hr w1th 0 5 g
'd'fh(dry weight) of IRC—SO (H ) weakly acld cation exchange

| "ffhreSLn to effect neutralization., The mixture was flltered”fd_lr '




and the flltrate was evaporated. The‘residue was
dissolved 1n a mlnlmal volume of H20 and applled to.
a column (1 4 x 47 cm, 70 ml) of Dowex 1—x2(ou )
(200 400 ‘mesh) packed in HZO The column was eluted
T w1th HZO at a flow rate of 1 ml/mln and fractlons |
were collected every 10 min. Fractlons 53-66 were
comblned evaporated and then coevaporated wlth EtOH
The re51dual solld was dlssolved in. ~0.5 ml of hot :
:MeOH and ~2 ml of ether was added ' The resultlng
'_solutlon was b011ed and, after addltlon of further’
hportlons of Etj& and repeated b0111ng, a small amount -

-of solld mater1a1 separated The suspensxon was,
‘centrlfuged and the resultlng llght brown solld was-
“washed w1th ether to glve 1.9 mg (2 2%) of the- mlcro- |
| crystalllne a—anomer, 62. mp 209 212°C, mmp with.

authentlc 62 211 216°C, mmp wlth authentlc 2'-deoxy-'

'fhaden051ne (10), 175*188°C, uv max (H 0) 259 5 nm -

(e 12,8000, (He1) 259 nm (e 11, 900). (NaOH) 259.5 nm
iné;lz,éod) ms m/e 251 1021 (3 9, M, calcd for 1 B

'AVBH + CH°" 162 (36. BH + Czﬂ ). 136 (27, BH ),_135 (100,.
‘dnBH): 108 (20. ug.— HCN) Reportedzze? mp 212 213 5°Cf

peTR

- 5uv ‘ax&

R4
B

(H O) 259 5 nm (e 15 500)

‘ j?coevaporated with EtOH to yield 63 mg of colourless,fi."'

dﬁSQI;d ;g Recrystallizatlon of this materlal from fw'



3.

:MeOH—-ether gave (2 crops) 48 mg’ (56%) of colourless

. prisms of 10 mp 194 5- 196°C mmp w1th authentlc 10

25
| B
259 5 nm (¢ 15, 400), (HCl) 258 nm' (¢ 14, 250y, (NaOH)

194- -195, s C; [a]Z2” -27.6° (g0, 86. H ,0); uv max (. 0)'

25? 5 nm (e lS 350), nmr (DMSO d ) 2 27 (d of a- of d,

) 2" l' 2“ 3'

.2' 3'

2! 2" 5 14
n),»3.91 (m,.l, '), 4. 44 (m,_l H ,), 5. 15 ~5. 35

(m,; 2, 3-OH, 5- on), 6.36 (d of d, = 7 3 Hz,

, S1v 2'
B J)rogn 6 0 Hz, 1, g "), 7.28 (br s, 2, 6-NH,) , 8. 14

—-—-—A—

8. 37 (s, s; 1 1; Hz, Hg ), ms m/e 251 (2. 7, g), 221
| (2 9, M-CH o»; 154 (8. 5, BH + CHo), 162 (33, qg=+

H), 136 (30, 55&), 135 (100, B 1g$ (23 BH'~ HCN).;

190)

Reported mp- 188 190°c- [a]D —26°'(c 1, H20)

3

Anal Calcd for’ClOH13N503 C, 47 80 H, 5 21-

fﬂ, 21. 88. Found c. 47. 59, B, 5. 13 ﬁ- 27. 91.

7 (2-Deoxy B D-erzthro«pentofuranog&l)adenlne

o

‘ﬂ”(llg) ;Qi{?;'\ v?

B 2 ml of 95% EtOH contalnlng 1 drop of 3 M NaOH was'

'*?  ,hydrogenated at 60 981 over 20 mg pf 10% Pd/C catalyst.;

ﬁAfter 23 hr the reactlon mixture was flltg;ed through

'f# Ce11te and the fllter pad was washed w1th bomllng MeOH

i‘f2(3 X 10 ml). The comblyed filtrate ‘was evaporated to 5?

: . . ; T
o N ' .

A solutlon of 17 mg (o 039 mmoleso of l17 in ' “f7 N

‘168 -

25

o
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A~ yleld a colourless syrup:of.cfude 118. lec of” this

- material (dHCl3—-MeOH, 9:1’ldevelooed twice) sdoxed a

' major spot for llg (R¢ geofogj;rWhich migrated\more
slowly than lg'(Rf ~ 0.33),'a$»We11 as a very faint.
spOt at’the‘origin The sYrup was‘dissolved'in a
minimal volume of HZO and applled to a column (O 8 x
19 cm, 8 . ml) of Dowex 1l- X2(0H } (200 400 mesh) packed

,1n H20. The column was eluted with H20 at a flow'rate
of 36 ml/hr and fractlons were. collected. every 10 | ‘ o
min; Fractlons 19- 31 were comblned, evaporated and
coevaporated with EtOH to yleld 8.1 mg ﬂBZ% drled

14 hf at 0.1 mm and 78°C over P2 5) of microcrystalline

: 118: mp 203~ 206°C; [a 134 —74° (c. 0.4, 'MeOH);‘uv (MeOHJ‘ 4354

max_27l nm (e 7,150}, &éam 232 nm (e 3, ,150)., (NaOH) max
}570 (e~7T500), mia}232.5 (eA3,650),.(HCl) max'262.5 :
nm (e 11, 100), (HC1 5 NaOHl max 269 nm (the‘speotra,in |
HC1 and HCl ‘made ba51c w1th NaOH are characterlstlc of
adenlne) - The methanollc optlcal rotatlon and uv
samples were comblned and evaporated The. re51due was,"'
dlssolved in b0111ng MeOH flltered through Cellte and’
crystalllzed from MeOH-—ether. Flltratlon gave 6 2 mg»,:
of flne, colourless ;eedles of 118 mp 211 212 5°,
.(smne decompos:.tlon) i nmr (DMSO-—d ) 6 2 3 2. 6 (m over-.'
| lapped by s&lvent peaks, Hzn.’_ n), 3. 57 (m, 2, Hsj, HS")'
3.90 (q~. Jgrozr ~ Lyrssy, 5.-@3 -7 Hz, Lo |
-). 4 41 (br m, 1, ___*'). 5.13 (br t, 1, 5'-ou on , 5. 40




:7251 1024 (1. 3 M, calcd for C

(br 4, 1, 3'-on), 6.31 (t, gi

6.92 (br s, 2, 6- NH ), 8. 21, 's. 50 (s,‘s, 1, 1; Hy, Hg),

2| 2" (- 6 4 HZ, 1 Hll)'
(DMSO—Q6~D O) peaks at § 5 13, 5. 40 and 6 92 dlsappears)
_multlplets at 6 3.57 and 5.41 appear sharper. ms m/e 5
10 13 5 3 251 1018), 221
(O 98 M -CH O), 164 (2 6 BH + CHO), 162 (11 BH + C H ),

136 (16 BH, ), 135 (100, . BH) , 108 (29 BH - HCN),

lh
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