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ABSTRACT

The syntheses of glycos¥3—y1:and C-glycosyl - a - and AB -
amino acid derivatives are described. The ‘introduction of
carbon-carbon .linked substituents including B8 ?alanine, at <C-6
'of uridine derivatives is also reported.

Knoevenagel condensation . of ethyl cyanoacetaté (263) -with
1,23 5,6~di—Q-isopropylidene-a-Q-QQQQ-hexofuranos—3-ulose (13)
in N,N-dimethylformamide using ammonium acetate as the catalyét
gave 3-;-{(§,§)-cyano(ethoxycarbonyl)methylene]—1,2:5,6-di—g-
isopropylidene—~a —Qtallofuranose (264) 'in 26% yield as well as a
chromatographicall&\ inseparable mixture of 3-C-{ {R,S8) -
rcyano(ethoxycarbonyl)methylene]-3-ieoxy-1,2:5,6—di-g- '
isopropylidene—(x-g;allofuranose (265) and 3,3?§-bis[(g§, §§,
.gg}—cyauo(ethoxycafbonyl) methyl]-3-deoxy-1,2:5,6-di?g-
isopropylidene—- a -D-allofuranose {(266) ia equal 'yields of - 5%-.
- Compound 264 was hydrogenéted ovar platinum oxide in acetic
anhydride  to give in 96 % yield | ’3—gf[(g,§)4
dCetamidomethyl{ethoxyéérbonyl) ' ' methylene];1,2:5;67di;§-
’isbptopylidene4<14g-allofurahose {270). .Dehydration .of 264 with
thionyl chloriée ~ in pyridine affotded 3—§;{(g;§-
cyano1ethoxycarbonyl{methylenej-3-de§xy-1,2:5,6—di-g—iso- n
proﬁylidéne—a-g-§£y§hggfhex~3—enofuraﬁose {273) ‘coépound 266
was isolated by reduction of 265 with sodium cyanoborohydride in
methanol to _ give 3-deoxy-3-C-[ {R,S-
cyanb(ethoxycarbonyl)methylene]—1,2;5,6-di-gfisopropylidene-a -
g-allofuranose {268) followed by colunmn:.chromatography onAsiliéa
gel. |

Reaction of B-Q-formyl—1,2:S,6—di—g-isopropylidene¥a —Q-'
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allofuranose {(278) with sodium cyanide, ammonium carbonate and
.carbon dioxide gave in 53% yield 3-C-(2,4~-diketo~
tetrahydcoimidazol-s—(g,§)—yl)-1,2:5,6-di-g-isopropylidene-a ‘B;
allofuranose (280). Treatment of 280 with barium hydroxide éave
a é:! mixture of D-2 and L-2-(1,2:5,6—-di-0-isopropylidene-oa -D-
allofuranos—B—yl) glycine (281), respectively, 1in a éombiﬁed
yield of 74%. |

When ethyl cyanoacetate (263) was reacted with 2,5-anhydro-
3,&,6-tri-g-benzoylf2-allose {203y - in. N-N-dimethylformamide

using ammonium acetate as catalyst, ethyl (g or 2)-4,7-anhydro-

{283) was produced in 31% yield.. Hydrogenation of 283 over
platinum oxide in acetic anhydride gave ethyl u,?-anhydto-2~

(g,§)~acetamidomethyl~6,8—di—g—benzoyl42,3,5-trideoxy~u—(g,§)—g-

i
'

Reaction - of o 2,3—g~isopropylideneéS—g—trityl—B‘~gf
ribofurénosyl chloride (210) - with . diethyl = sodium
phthalimidomalonate in N,N-dimefhylformamide at 900 provided in
‘46%  overall yield a 1:1 mixture of the .o and 8 ahomefs of
diethyl . 2,3-g-isopropylideneeS-Q—trityl—g—fibsfﬁrahosyl
phthalimidomalouéte {287 and 288, respectively). An attempt to
unblock 287 and 288 with_hydrochloric acid was unsuccessful.
Reaétion of 2,u—di—t-butoxy—5—ma;nesiumhromopyfimidine
(225) and acetone followed by treatment of‘the pioduc£‘with.
hydrochlofic acid' gave 5-(1-propen-2-yl)uracil (;Q§)~ in - 43%
yield. The direct coupling of 294 with the glycosyl chioride 210
in the presence.of catalytic.iodo(phenyl)bis(tripheny;phosphine)

palladium (II) {288) was umsuccessful.
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,Addition of 2,2'-anhydro-1e(3~2eacetyl—5—g-£fityi%BAfgf
arabinofuranosyljyuracil {(308) @ to excess 2~lithid—!,3—di£hiane
(126) in tetrahydrofuran at -780'ga§e 2—{1;3—ditﬂian—2—yl)-1¥(5—
O-trityl-8 -g-atabinofurdnoéy1)~441H)—pyrimidinone (399)-“ énd
2,Zi-anhydro-S;G-dihydro~6?(§)—(1,3—dithiaa—2~yl)—1f(5~Q‘tri£ylé
é rg—arahinofuranosyl)uraéil {(310) in yields of 15 and 30%,
respectively; Tfeatment of 3089 with Raney nickel gave 2—methyi?‘
!f(S-g—ttityl—Bz;g-arabinofuranosyl)-u(1H)-pyrimidino§é o313
‘while hydrolysis bffggg in acid afforded 2-(1,3—ditﬁian—2-yl{fu—.
pyrimidinone (314) and arabinose. Detritylation of 309 withdut
glycosidic cleavage could only'be.effeCted by prior aéetylation
to" ‘ 2~{1,3-dithian*2—yi)-1—(2,3-di—iracetyl—S-Q-trityl-B'fg-
arabinpfuranbsyl)-&(?H)-pyrimidiaone {315) which, . after
treatment with. acetic acid at room. teﬁperature.followed‘by 
unblécking with»sodium methoxide gave 2-(1;é-dithian—2fyl)—178 -
Q-arabinofuranasyl)-u(1H)fpyrimidinone {(317) in  45% yield.
Hydrolysis of the dithioécetal' moiety 'of :§1§,always led to
glycosidic cleav;ge. | .

Treatment_of.compound glé-with.ﬁéﬁey nickel gave 41% of
2,2'—anhydro-B,6fdihydro-6-§—met£yl-5'—Q~trityluridine _(gggj.;
Detritylation of 310 in refluxing acetic acid pro&ided 10 and
90%  yields ofv 5,6-dihydro-6-(s) - (1,3-dithian-2-yl)~1- 8 -D-
arabinofuranosyiuracil {319) . énd 3-[(§)-1—(1,3—dithiaa-2-
yl)]propionamido—B -D-arabinofurano-{17,2':4,5 ]-2-oxazolidone
(QZQ); respeétively;f Acid hydrolysis of 319 afforded arabincée'
and S,E-diﬁydro-sfiﬁ)-41,3-dithiaa-2-y1)uracil {321) - - Raﬁey
nickel treatment  of 321 yielded the known 5,6fdih¥d[0;é;

methyluracil (322). When 319 was allowed to stand in water or
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methanol for 4. days, guantitative conversion to gggnoccufred,.
Dehydration of 320 with trifluoroacetic-anhydride. and pyridine
afforded 3-[ (s)-1-{1,3-dithian-2-y1l) Jcyanoethyl-8 -D-
arabinofupano-[1',2':4,5]—2-oxazolidone (328) in 77% yield.
Similarly, | : 3-(§j~1émethylpropionamido-B -D-
arabinofﬁrano—[1!,2?:4,5]—2—ox§zolidoﬁe (328) ., obtained by Raney
nickel treatment of 320, gave 3-(R)-1-methylcyanoethyl-g8 -D-
arabinofurano-[ 1'2':4,5]-2-oxazolidone (330). Treatment of 320
Qith excess p-nitrbbepzoyl'chloride in pyridine yielded 3-[({S)-
1-{1,3-dithian-2-yl) Jcyanoethyl-3*',5'-di~Q-p-nitrobenzoyl-$8 -D-
arabinofurano-[1',2':4,5]-2-oxazolidone {(333) - which Was
converted by treatment with.methyl.iodide in dimethyl sulfoxide
to 3-{s)-1-formylcyanoethyl-3',5'-di~0-p-nitrobenzoyl-8 -D=
arabinofurano-[1?,2':4,5 ]~-2-oxazolidone (335), characterized as
its semicarbazore §§§.4 An attempt to cyclize gggrwith amﬁonia
failed.

Addition of 5-bromo-2',3f-Q—isopropylidene-S'-g—tfityl—
uridine (340) in pyridine to excess anion 126 in tetrahydrofuraa
at.  -78° gave . 5,6—dihydro-6~(g)-(1;3—dithiau—2—y1)~2',3ﬁ4gf
isobrppylidepe—s‘-g—tfityluridiné (3a1), 5-{S)-bromo-5,6~-
dihydro-é—(g)-{1,3—dithian-2-yl)-2',3'—gfisépropylidene-S'-g-
trifyluridine (342) and its 5-(R) isomer 343 in yields of 37, 35
and 10%,'respectively.vDesulfufization~of 341 with Raney nickel
afforded 5,6—dihydro-2',3'—in50propylidenef6-(§)—methyl-5‘-g-
trifyluridine {346) . Compoundlggl-was_hydrolyzed in acid to give
» ribose and 5,6-dihydro-6-(B)—(1,3-dithian-2-yl)uracil (348)..
Treatment of 341 with_methyl iodide.in agueous acetone gave A

30% vyield of 5,6-dihydro-6-(R,S)-formyl-2*,3'-0-isopropylidene-



,S'fg-trityluridiae:(igé), Jéharacterizéd as its ‘semiéarbazoné
0. - ,

Both ggg énd 343 gave ggi'upon‘brief treatment with Raney
nickel. Both 342 and 343 gave 6-formyl-2',37-0-isopropylidene-
5’—g~£rity1uridine (gél)'in approximately 41% yield when .treated
with methyl iodide in aqueous acetoge containing 10% dimetﬁylﬂ
sulfoxide., A ‘Ey—prqduct; iQentified as 6—forﬁyl—2‘,3’—gf
isopropylidenef3-methyi;5'fgftrityluridine’. (353) - was élso_
formed. Reduction of 351 with sodium borohydride in. et hanol
affofdéd,ﬁ after 'unbiOCRing, | 5-$ydr§xymethyluridine {3586),
charaéterized'_by its ﬁydrolyéis in - acid to the ‘kgéwnv 6-
hydrdximethyluradil (QQZ)-;Knoevenaéel condenSation-of a . mixture
of 351 and 353 with ethyl cyanoacetaﬁe (263) yielded 38% of E-
or - S g—s—[(2-pa£boethoxy~2—cyano)ethylideae3-20,3*-9~.
iscpropylidéne;s';gftritfluridine (ggg)and 10% of ité-N—metﬁyl=
derivative 360. Hydrogenation'of ,1;2 over platinum. oxide' in
acetic anhydri&é fpllqwed.by unblcckiag_gave 6-[3-amino—2—(§ or

S) =carboxypropyl Juridine (363).
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I. OBJECTIVE

It has been~repeatediy shown -in the pas£ two decades that
various analogues of the common naturally-océurring nucleosides
exhibit a wide range of biological properties. These nmodified
nucleosides, obtained either fronm iatural sources or by
synthetié means, have often been found ‘to be antifungal,
antibiotic, aativiral or antitumour in their action.

Three classes of modified nucleosides can be distinguished:
{1)  nucleosides .in~which thé ribosyl portion is altered by the
incorporation of various groups, (2) C-nucleosides, in which a
pyrimidine or purine base is linked to thg sugar moietf by a
'cérﬁon4¢arboh rather than a carbon-nitrogen bond;.and {3) base-
modified nucieosides, in'which.the common puriné'or pyrimidine
moiety has been altered;,Moreover, a feature comen to many of
the héturally-occurting biologicaily—active nucleéside analogues
is £he pfesence of an amino‘acid, usuallj}linked‘ﬁy a peptidyl
bond to the sugar,mgiety.;Thus, puromycin (an antibiotic) and
the polyoxiné (fungicides)l‘incorporate an .o —amino acid while
blasticidin S possésseé.a B —amino acid component;

The objective of the work described in this }ﬁhesis is to
develop' general methods of attaching o - or‘Bg-amino aéids to
nucleosides or aﬁcleoside pfécursors by carbon-carbon bogds. In.
the first part of this aofk, the synthesis of a 3-C-8 -alanyl
derivative of D-glucose by way of a anevenagel condensatioﬁ of
ethyl cyanoacetate% with é 3-ketose was studied.‘An,alternate
nethod of making 3—§;glycy1allofuranosev using ~ the Bucherer .
hydantoin procedure was élso»achieved..

The second part of this thesis is concerned with the



synthesis of functionalized érecursors to C-nucleosides. The
_ precursors envisioned were the C-glycosyl amino acid
defivativés, the'éminb and carboxylic groups of £he amino 4acid
being potentially amedable' fo further derivatization. The two
routes employed for the synthesis of such precufsors were the
condensatioh of ethyl cyanoacetate with .a 2,5-anhydro~g—alldse
‘derivative and | reaction of the . anipn of diethyi
phthalimidomalonate with a ribosyl chloride derivative. A one-
step synthesis of é C-nucleoside using a palladium catalyst was
.also attempted.

In the third part of this thesis, the reaction of 1,3-
dithiane anion with uridine derivatives was invéstigated with a
view to mbdifying the pyrimidiné moiety of nucleosides. A
general 'mefhod of introducing substituents, including B -
alanine, at C-6 of uridine was thus developed and some of the

resulting analogues were evaluated for biological activity..



II. INTRODUCTION

1. .Branched-Chain Sugars

A branchéd——chain. sugar 1is a carbohydraté in which a
hydrogén or hydroxyl group is replaced by aﬁ'orgaﬂic group
through a carbon-carbon bond thereby giving rise'ﬁo branching of
the carbohydrate skeleton. The first sﬁch.branched—chain sugar,
apiose (1) was isolated from parsley by Vongerichten! in 1901
but its sfructure was only elucidated ﬁhirty years later by Oe
Th. . Schmidt.?2 A second branched-chain sugar, hamamelose3, was

discovered 1in the hydrolysate of the ~tannin . of Hamamelis

virginiana by Fischer and Freudenberg.inkl9liiand its structure
L ' ' ‘

was later shown to be Z—Q—hydroxymethyl-g—ribose“{g)._ Interest

in  these anomalous sugars lay dormant until branched—chéiu
sugars were discoveredAto be vital glycosidic components® in the
structuré of antibiotics.®-11 For inétanée, streétoselzkg)- vas
found; as a constituent of streptomycin. Branched-chain .sugars
Save now been isolated from higher plants13-14 f;om cell wall
polysaccharides14—15 and even from man.!® However; the discovery
that nucleosides of branched-chain sugars can have cytostatic
and virostatic activity has stimulated interest in the synthesis

of such compounds.t7-19

o 0 HO 0 0
CHZOH HOHZC H3C CHO

OH OH OH OH OH OH

o 1 2 3

Branched-chain sugars have been divided into two classes.?29

Those in which branching occurs by substitution of a carbon-



linked hydrogen b& a group R'bélong té the Type A classification
while substiﬁution of é hydrqul group by R gives rise to Type
B. The latter are often referred to és "deoxy" sugats. ‘Both D-
apiose?! (1) and D-hamamelose20{2) are examples' of Type A

sugars. Type B sugars are exenmplified by L-evernitrose22-23(4).

: H.C 0

3 |
\ Sﬁ U
0, |

‘The synthésis of branched-chain sugars has been the subject
Of several reviews?-8 2% and so the following discussién will
sumparize the more important nethods of synthesizing Tyge A,
Type B, and the more specialized glycosyl amino acid sugars. The
use of 1,3-dithianes to construct branchéd-chains will be

discussed in a separate section (see Section 3.3).

1.1 Synthesis of Type A Sugars Xg-é-gﬁlza

Keto sugars® 25 have been widely used as starting ﬁaterial
for the synthesié of Type A carbohydrates. for instance,
addition of diazomethane to a keto .sugar results in the
 formation‘of an epokide 5 which canjbe reduced to the .C—methyi
compound 6, hydrolyéed' to the C-hydroxymethyl compound (1)>or
con&erted by ammonolysis to the Ce;minoﬁethyl compound (8).26-27

Addition of oféanolithium and 6rganomagnesium reagents to
"keto sugars can occur in.a sterically complementary manner, as
was shown for the 2-ketose 9. Reaction of 9 with organolifhium
compounds ga&e the L-ribo brahched-—chain sugar (1Q)‘Hhereas

organomagnesium reagents afforded mainly the L-arabing sugars



|
/ji/a HO(lJCH3 6
| CH.N, | _CH - |
c=0 —+% ¢l * HS HooeHOH 1 !
i | , .

5 NH
\ -_ 3 I
. T HOCCH NH, 8 7

{11) .28 Howé&ér, changlng the blocklng groups of the reactlng
keto sugar has been shown to influence the stereoselectivity of

these reactions. 29

@@@

= 10 11

JE e e e e e

The base-catalyzed condensation of nitromethane with keto
sugars yields branched-chain nitromethyl. derivatives,39-32 the
nitro group of which .can be reduceﬁ to give aminomethyl sugars
of Type A. The nitromethyl group of 12 has. also .been ‘oxidized
with potaésium ‘permanganate to tﬁe 3-a1dehyde33 (13), an

analogue of streptOSe (3). Agaln, the type of blocklng groaps

, 0
; XO 0 >< 0
N% /o
OH o-‘—
12 13

used on the keto sugar affects the stereochemlcal course of -

nitromethane addition. 32

Other methods which -have beesn employed to sfnthesize Type A
sugars from ketoses have included the nucleophilic addition of
C-methyl groups using dimethylsulfoxonium methylide3¢ and
condenéation with sodium cyanide3S and acetonitrile3® to give

cyano and cyanomethyl compounds respectively. Also, -


file:///CH0_

photoamidation of a disubstituted 3-enofuranose affords the 3-C-
carbamoyl derivative.37

1.2 Synthesis of Type B Sugars iB-é-Elz.

| Application of the Wittig. reaétion to keto sugars has
alloved ready access to functionalized branched-chain sagars of
Type B.38—-44 Tt was first employed‘hy Rosenthal and Nguyen3® who
reacted the 3-ketose 14 with. methyl dimethoxyphdsphonoacetate'
and potassiunm tgggfbutoxide to give the cis and trans branched-
~chain sugars 15 and 1§;_Catalyt@c reduction of this mixture gave

exclusively the allo methoxycarbonylmethyl branched-chain sugar

————— - B e e ———

17. - T T
o) ° 3
5 0 >0 0 '
!
o} jl :
0 0 O 5
+ : CHZCOZMe !
14 15 R=COMe; R=H .
: 17

1§_R=H3R2c02Me

— - !

The Wittig reaction -has also been used to synthesize Type A
sugars not ‘available by the methods previously discussed. Thus,

. whereas reaction of ketoSe'ig with.methylmagnesiuhl'iodide gave

\

the L-rcibo branched-chain. sugar 19,45 treatment with
triphenylmethylenephosphorane and then with mercuLic acetate and
sodium borohyqride gave the L-arabino analogue of 19 (29);‘6
Type B sugars can also be obtained by the addition of
nucleophiles to anhydro sugars.*7-%9 Trans-diaxial opening of
the epoxidé is:generally observed. ¢8-S0 As an example, reaction
of the 2,3-anhydro sugar 21 with sodio diethyl malonate gave the

V2-C-branched—chain sugar 22 which could be reduced with lithium



20 !

aluminum hydrlde to prov1de ‘the hydroxyethyl derlvatlve {(23) 52,

21 22 R: C(COo,Me),

23
R= CH2CH20H

Unsaturated sugars have found use as precdrsors to "deoxy"
branched-chain carbohydrates by way of the oxo reaction; the
application of which 4to carbohydrates has' been reviewed ' by
Rosenthal.52 The reaction allows introduction of ‘a formyl group
ét one end of the unsaturated bond.$3 Also, unsaturated sugars
undergo photoaﬁidation reactions by which.a carbamoyl pranched-
chain can be added. Thus, irradiation of a solution of the
glyCal,gg in formamide gave the C-2 addition'product 25 together
with;productsvarising from photoamidation'at C;1.$4

4

AcO AcO

AcO
I CONH

+Used in the extended sense.



1.3.1 o-Amino Acids..

The importance of mnucleosides as éomponents of many
antibiotics has  been acknowiedged.17~19 ~In particulac;
nucleosides having peptidé linkages and amino acid groups
attached to their carbohydrate moietiés have evinced antibiotic
properties. Among the naturally occurrlng compounds of thls type
arev blastlcldln S {26), gougerotin . {27), puromycin. (28) and the 
polyoxins {29); all except the latter inhibit '.proteln
synthesist®. The polybxiﬁs, of which there are twelve variatioas
and whose structﬁres wére eluc1dated by Isonoss 'aré mainly
'ahtifungal in.their action and have been.used to coatrdl_ sheath .
blight -~ in rice plants. . The = polyoxins have also shown
_effectiveness insinhibiting tobaccofmosaic virus.5% They have no
_activity towards animals, fish or plants. .

The mode of action of the polyoxins probdb}y‘ involves
inhibition ‘of . glucosamine uptakeS7? therebyS® ihterfering,with.
cell-wall chitin biosynthesis.182 | |

| Whereas the chemical synthesis of anaiogues of blaSticidin
S {26), gougerotin (gZ)tana puromycinr(gg)iinvoives attachment
of an amino acid functlonallty to a carﬁohydraté. through a
: niirogén. atomsS9=6%, the sugar componeats of the polyox1ns are
linked directly to the o -carbon of the amino acid,ﬁ-suchm units
are referred to specifically as glycosyl a&ino acids. . | H

Most syntheses “of glycosyl aminb acids ggportéd to date
have utilized the_displacement of a methahesulfoﬂyloxy55*67 or a'
.foihenesulfonyloxy68?7° group“‘aith; sodiun azide followed by
reduction' of the resulting azide- to_theﬂamiﬁé.vThus, in the

‘first repotted synthesis of an . anialogue of a polyoxihr sugar
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A HZN?; dod

HOO 0
OH |
=CNH 0=(~NH
O—EHNH CHCHZOH OH
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CHNH, B
CHy N = i
Tyt CHyNHCH '
H=N=C-NH,
L CHy. o o
Blashc&duw s ! g GougerOUn :
(28) L - 2n
-N(Me)z
N | »
g
HO 0
HOCH = OH OH
S Liocon
¢ 2
H_N-CH
21 Ry: CH,0H, COH,CHy. H
CHZ—O-OCH3 7.4
R5OH, ¥<)
, COH
Ry OH,H o
- F;Jr_o.rhycm f Polyoxm Complex ‘
a@s L (29)

e —

moiety, Naka and co-worker565 used the a21dé dlsplacement of the
5-sulfonyloxy group of the hexofuranose ;g-which’after catalytic
reduction of the aiide followed by permanganate oxidation of the
unblocked 6-hydroxyl group ‘ gave the 5-amino-5-deoxy.

allofuranuronlc a01d 31.

.) Tr0 OMs

. o] i

i ‘.

! 0 z
0Bz O-I—

| 30 |

A similar route beglﬁnlng with the urldlne analogue of QQ'
was ~used by Emot067-to construct the basic polyoxin .skeleton.

The latter was also obtained by Moffatt . and co-workersé® who

.started withi the5'-ahkﬂwde iigg)"the reaction of which with.
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sodium cyanide in'aQueous methanolic potassium carbonate. and
hydrogen peroxide yielded the epimeric C-5 hydroxy amides 33 and
34.  Mesylation of the free hydroxyl group of 33 followed by
azide dispiacemént of the sulfonate, hydrolysis of the amide and

reduction of the azide gave the polyoxin analogue'§§.

COZH

v

CONH

2

H 2N H racil
0

OH OH

The synthesis of glycosyl amino acids with btanching.at c-3
has beenu»pursuéd mainly by Rosenthal and COWorkers. 68—71
Beginning with  the o, B-dihydroxy ester 36, obtained by
permanganate or osmium tetraoxide oxidation of the double-bond
of 16, monotosylation of the exocyclic hydroxyl dgroup vas
achieved whence conversion to the amine by the sequence Jjust
~discussed yielded; after unblocking, the 2~amin0‘écid sugar
derivative. (37).71 Similar treatment of the cis-isomer 15 gaﬁe
the é—amiub .acid - {38) ?71. The 3-deoxy analogue of 38 {(39) was
obtained by selective acetylation of the a-hydrogy group of the
dihydroxy ester 36 followed by stereoselecti&e dehydration with
thionyl. chloride and pyridine and subsequent convefsion of the
free. o -hydroxy group to.'the amine®8 as befdre;; Sihilarly,
compodnd 15' afforded‘ the expected 3-deoxy-p-amino acid. sugar

(40) < 70

The D - gluco |isomers of 37 (41 and 42 respectively)




11

r
COMe -
37 ReNH,: R=H 39 R:H:R: NH,
3B ReH:R=NH 40 R:NH.: R=H

l

- . o 2 _ -__2, , '
have been synthesized by condensation of methyl nitroacetate

with the 3-ketose 14 to give 43, followed by reduction of the

. nitro group of the acetylated products.?72

i e ————

COi«Ie i
. ><0 (':OZMQ Q0 R: !
0 CHN002 %0 0
0 o
HO 0+ ‘ AcO 0"}" |
i - , |
‘ 43 41 RsH:R=NH ;

2

42 ReNHy R=H

|
1

A  blocked Q—aﬁino acid sugar (44) was ‘Jenerated when
Jordaan and Brink?3 74 reduced the product {43) "obtained from
the reaction of ethyl isocyanoacetate with .the ketose 14. The

sequence has also been applied by them to 2-keto sugars.?S

0 P
><g >0 !
0 0 ‘
0 o
HA o+ 0=CHNHGH O-l—
CHO CofEt COft
43’ &b \

. e J—

The 2-deoxy-3-ketose 45 has served as starting material for
the synthesié of - hexopyranosyl glycine derivatives via . the
azlactone condensation.?¢ The E and Z oxazolinones (46 and 47)
vere isolated from the reaction mixture both of ‘which ‘were
subjected to méthaholyéis :followed by catalytic reduction ﬁo

give the arabino and the ribo branched-chain sugars,
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respectively. Both compounds vwere assigned the * D-glycine
configuréﬁida.f”

) oCH

OCH

In=additio§ to glycine, thé terminal carbon of o -L-alanine
has been attached to a furanose to give 48.77 The synfhesis,
‘based on a method fepopted by Ogura and Tsuchihashi’ﬁ, p:oéee¢s
from the addition' of the anion  of methyl{methylthio)methyl
sulfoxide to the nitrile .functionali;y of 3—gr¢yanomethyl—3~

deoxy—1,2:5,6fdi-g—isopropylideﬁe-w»—g—allbfuxanose.

>

0 :
|
0
w2‘04— |
HTNH, |
COMH
48 ‘

The Bucherer hydantoin synthesis?9 of glycine- derivatives
was used by Umezawa89 to 'preparev 49 from the corresponding
ketose. Hydrolysis of 49 with base then afforded the novel 3-

amino-3-C-carboxy-3-deoxy sugar 50.
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1.3.2 8

Alanine

8 ~Amino acids, inuwhich;fhe ami@o and:carboxylic fﬁnctions
are sépatated by two carbons, are much. more raﬁély found as
cbmponents of naturally-occurring saccharidesiand'nuclédsides,'
than are o-amino acids. Coenzyme A {51, an essential cofactor
for acetylation réactioas‘ in the 1liver vand;fbrain91 82 and
.necesSary in the biosynthesiss3‘34 ané biadegrddatioa85°36 of
fattyn acids, thé metabolism. of eryihrocyte587f58 and the
phosphdfylation59~9° of  various biologicafly important
molecules, ;néofporétes B-alanine as part erﬁhe diphospﬁate—
linked side?chainaat C-53._YThe' structure 'of doenzyme A was
established by aAsefieS'of selective enzymicﬂdégradationéQlﬂ?z
and by totdi"synthesié94-96

Pantothenic acid {52) ‘is a B—alanylecongéining viﬁamin
~{B3) 97 which hask‘also beeﬁi.obtaiued nétqrafly as an-a~2-_‘
glucoside {53) possessing'microbial«actiVitygga—*OD |

Recently, the 6-ureido S-alanine pu:ine7nuc¥eoside §§. was

synthesized10! . and found to ~be. an inhibitor ‘of adenosine
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2 | e e T T ——
I v
k\ | N\>| I QHS ! L
H OH N \
CHzg OB ocH, | HOCH,( —CHOHICNHCH,CH,COOH ‘;
] %o } CHy !
[ L 52 ‘
CHOH b
(|:=0 oﬁ(OH)Z OH E
i ,l\lH ) 0 : ‘
| CH)CH,CNHCHCH.SH . |
; \ l
; Coenzyme A f C
i NHC NHCH.CH.COOH
(51 | l . Nz 2
e e e ThDTIL T N/ A\
HO - l*N | N>
0 HO 0 _ ' !
NoH (|:H3 !
HO | OCHZ(I}CH(OH)ﬁNHCHZCHZCOOH .
OH CH3 0 OH  OH !
23 54

kinase.,102
Blasticidin S (26) also incorporates a B—alanine residue in
its side-chain.

2. synthesis of Amino Acids

——— e

The first 1aboratory' synthesis of a mnaturally-occurring
amino  acid dates back to 1850193 yhen Strecker produced alanine
from acetaldehjde using the cyanohydrin method. Procedures for
éhe syntheois of other amino acids, both natuaral and unnatural,
wefe gradually taken up " by Erlenmeyer!9%, " Fischerilos,
Sérensen!o6 and others. Their resulting methodologies, vor
variations fhereon; vere, dntii twenty years agqgo, the standard
procedures for the preparation of amino acids. Since then, a
‘numbor_ of ’synthetic methods ~have been developed, notably
aikylations. osing the trianion-of'hippuric acid197 or the anion
of methyl.methylthiomethyl sulfoxide?8, amidoalkylations with

:glyoxylic acid1o8, condensatioas. of oarbonyl compounds with



15

carboxylic .acid, amine and iSocyanide1°9;llz,l'the use of
trihalomethyl carbanions as nitrile eguivalents!13 and reactions
of copper glycinate. 114 |

The épplicatién of any of the classical syntheses of amino
acids to the produ;tion.of glycosyl amino acids. (see Section
1.3) has been lacking. The followin§ then is a brief aiscussion
of three methods used in the present work to produce glyccsyl

amino acids or their precursors.

2.1 The Sorensen Synthesis of Amino Acids

The first synthesis of glycine, develdped by
Goedeckeheyer115”in 1888, embloyed the reaction: of . potassiunm
phthalimide {§§) with‘ ethyl chloroacetate {56) to give ethyl.
phthaiylglycinate (il) which was then hydrolyzed with potassium
ﬁydroxide -to  the di-potassium salt (58). Acid treatment of the
latter then gave glycine hydrochloride (53) and - phthalic acid

(60).- . A

@ K+ cmcxrizcoz(:zu5 J— ©:>>CH2002 ;
|
KOH

'
o ©

COOH H.COOH CO°K
e QU
COOH NHz HCL CNHCHLOSK®

0
60 29 58

This reaction seguence was then developed a year later by
Gabriel!1s as: a general procedure for the' synthesis of anines
from various organic halides, a reaction which now bears}his
name. It was then fiftéen years 5efore SOrensenl0% 117-120 y3s

able to adapt' the Gabriel synthésis tovmaké amino acids. The
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general scheme involved reaction of the. sodium salt of ethyl
phthalimidomalonate (61) with an appropriate orgasaic halide to
give the mqnoalky1 (or aryl) phthalimidomalonic ester (82) from

which ~ the amino acid (63) was 71liberated by acid treatment.

0
WOCH
(50544, -c—2 92
—C° Ne® <4+ RX —
0
; 61 HBr
! R—CHCOZH
NH2' HBr
1 63
SOorensen thus repared " phenylalanineill?, rolinetls,
p

ornithinet17 and o -aminoadipic acidil® by reaction of 61 with
benzyl chloride, trimethylene bromide, vy -bromopropylphthalinide
and y-chlorobutyronitrile, respectively. In later years, thé
Sérensén- nethod was used to synthesize tyrosinel2! from anisyl
bromide, serinefzz from'monochloroaimethyl ether, methioninet23
from B-chloroethylmethyl sulfide, 'and aspartic acid!?¢ from
.éﬁloroacetic ester. Some lack of génerality in the Sdorensen -
procedure ués observed by Dunn.and Smartt24%; attempts to form
glutamic acid from condensation of 55 with ethylene bromide,
ethylene chloride, fggchloropfopionitrile or B -chloropropionic
ester failed to give any stable products.,

Oonly minor inmovations have been made in the basic Sdrensen
synthesis over the years. A more efficient method of generating
the soéium salt 61 from ethyl  phthalimidomalonate has been
developed based on the use of‘toluene rather thaﬁ ethanol as the

reaction -solvent.!2%. As well, generation of the amino acid 63
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from 62 has been facilitated by use of hydrobromic acid or

hydrazinelés, the latter giving rise to phthélazine rather than
. phthalic acid (Qg) as the reaction co-product. | |

More modern applicationsvof the SOrensen method include the
production. of tropylglycine,126 a potentially_ ﬁherapeutic
analogue of phenylélanine, from tropylium perchlorate and - the
synthesis of S-alkyl-s—benzamidobarbituratésl27(§§)~ from
diethyl- o —alkyl- o-phthalimidomalonate (64) and urea in  the
presence of sodium ethoxide. Cleavage of.the p@thalimide.ringi-

wvas observed in the 1atter reactlon. Thalldomlde (67) (N—-{2,6-

! (CO C2 5) t CO C H

_C- . ._EZ._EEL.)

F””af
o]

R=CHy CHCH CH, 0y

64 85

dioxo-3- plperldyl) phthallmlde)l28 was prepared by the actlon of

ammonia on N-phthalylglutamic acid (gg).

0
! NH
. ©:>-(I:HCH2CH2COOH —i, @—C}t
: COOH
O .

2.2 The Hydantoin Synthesis gﬁ Amino Acids.

" Hydantoins (69) which are 2,4-diketotetrahydroimidazoles,
vere first synthesized by Baeyert29  when he heated

bromoacetylurea (68) w1th ammonia.

NH, ,
| NHCONM,COCHBr  ——) ﬁ):o :-
| 68 °
i 69

The value of hydantoin. (69) in-amino acid synthesis is
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apparent when it is considered as a masked fcrm of glycine;

hydrolysis!30, usually with agqueous barium hydroxide, first
7

gives hydantoic acid (79) as an intermediate via cleavage of the

‘3,u-bond. Further reaction then gives glycine as the final

COOH
NH,CONHCH,CO |

j 0 |

——— e e

prqduct. By substituting one of the acidic131-133 protons at the
S5-position with an alkyl 6r aryl group (Zi) a geﬁerai method'of
forming various a=-amino acids (Zg)vis achieved. Ingold and co-
workersl3° "have shown that the ease of  hydrolysis of the

hydantoin ring (71) depends on the nature of the 5-substituents. .

U R' 1

R H
R N OH® R NH, ' I,
Yo 2y , |

N

0" H

ﬁOH :
5 !
71 ReH: R=alkyl,aryl 72 R=H: R=alkyl, ary!
73 R=R=alkyl, ary! 74 R: R= alkyl,ary!

Y-

The method was used early in this century to prepare aryl-
substituted a-amino acids from aromatic aldehydes. Thﬂs,
reaction13° of-benzaldehyde with . hydantoin . {69) under Dbasic
conditions afforded the unsaturated condensation - product 715
which was reduced and hydroleed to give phenylalanine (712,
R’*—-CH24C6 HS ).,.Similarly,. tyrosinel3sS and tryptophane”6 were

obtained fronm anlsaldehyde (76) and B -indole aldehyde {17).

, 1 MH
! o
| CGHSCHi M0 l l l
o’ h

B B 76 77 z
l

———— e U U ——

Though many routes to 5-substituted and 5,5-disubstituted
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hydantoiﬁs {71 and 173, respectively) have been . developed over
the yéars!37,~the syntheticaliy simplest and most successful is
that introduced by Berg138 and developed by Bucherer;139'*“° In
tﬁis procedure, an aldehyde or ketone,is heafed in alcohol with
potassium. cyanide and ammoniuﬁ carbonate giviﬁg directly the
hydantoin 71 {in the case of an aldehyde) or 73 (for a _ketone)._
The meéhanism as propbsedi-_by‘ Buchéret ‘though never
experimentally verified iﬁvolves initial formation of the
cyanoﬁydrin 78 from . the carbonyl compound follo#ed by reaction
with ammonia (génerated,.togefﬁet with carbon dioxide, from ihe'
ammonium carbonate) to give the amino-nitrile 79. Reaction of
the iatter with carbon dioxide aéd amponia then yiélds the N-
substitﬁted carbamic acid 80 which then cyclizés to the imine

81. Hydrolysis of 81 .affords the hydantoin 71 {(or 13).

i

, R R OH Ry NH ?
’ Nemo SN, TN M, >C/ : |
o/ AW 7/ Nex

78 : 9

| 10,
} ANH,

R
H -
Tor 73 20 R'ﬂ;N}O — R\C/T:IE-HO “
HNPN RONR?

81 80 ‘

By this method, Bucherer waé able to synthesize a variety
of new amino acids. The generality of the original Bucherer
hydanfoin synthesis was later markedly enhanced by the use of
-acetamide as éolvent‘“l and by conducting the reaction under
several atmospheres‘of'carbon dioxide.142 |

Hydantoins that are disubstituted at the S5-position display
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hypnotic properties comparable to the structurally related
barbiturates and nmoreover, are used as anticonvulsants in .the
treatment of epilepsy.137 143

In the carbohydrate field, the Bucherer syntﬁesis has been .
applied by Umezawa and co-workers 'to prepare ‘3—amiho-3—g-
carboxy-3-deoxy sugars8o 14“-(59) (see Section 1.3.1) ard their
adenine nuéleosides;ﬂo No biologicaliproperties of this compound

vwere reported.

10
[
1
[pae
{="
i

2.3 The Knoevenagel Condensation: Access to _ﬁgﬁgig

2.3.1 - Definition and Mechanism,.

The Knoevenagel condensationl4s pay be defined as the
reqction between -an aldehyde or a ketone (82) and a compound
containing aﬁ active methylene group {83), <catalyzed by aﬁ
organic base,vammonia or their salts.,The usual product is the

unsaturated addition compound 84. The methylene

'R R X
N\ Base N /

=0 4 X—CHyY S =C_ + HO |

’W; T R,/C \ 0

82 83 84 |

activated by.the presence of electron-withdrawing groups (X, Y),
such as NO2 ’ guatérnary pyridinium, CN, COR, CONHR, C028,' SOZ’
' §, or Ar. Generally two such groups are required for activation
of 83 unless a nitro or guaternized pyridine group Iis present.
The 4reactivity of 83 decreases in the order
N‘02>CN>CO'CH3>COC6H5>COZC2H5$C6HS.}“6 It is also . generally

accepted that at least a catalytic amount of acid, in addition

to the nitrogenous base, is reguired for successful



21

condensation147-149, 3lthough  too 'much . acid tends to supgress
' the'reaction;!55‘153 The basic catalysts generally émployed are
ammonia, primary of secondary amines, pyridine or ammonium salts
such as ammohium acetate._.Ion-exchange resins,is“ 155 petal
fluoride5155-155 and potassium cyanidel58 have also been used as
catalysts for the Knoevenagel condensation.

In hié 'original investigation, Knoevenagel condensed
, férmaidehyde‘ with diethyl malonate (895), using,gthylamine as
base, to give the bis product 86.159 However, subsequent work
showed that condensations leading to unsaturated compounds such
as 84 -were generally applicable.189 Thus, benzaldehyde (87) - anrd

ethyl acetoacetate {88) reacted at freezing temperatures in the

— e s L o — g

|
]

i COL,H e CHICOCH),
cH, — Hy |
\ \\ EtNH, CH(CO,C H,) x
' COLH, (€0,6%,
85 &

- presence of piperidine to give ethyl benzylideneacetoacetate

(Aj CH=CCOCH)CO.CH
CHO 0 N ERREEA
@’ + cHLCHLOLH, ——H—>0°

& 88 - 8

(89) -

The Knoevenagel éondensation of active methylene compounds
such as nitromethane, 'methjl nitroacetate and éthjl
isocyanoacetate with ketoses as a route to branched-chain sugars
has been discusséd {see Sectiomns 1.1 and 1.3.#).,The Knoevenagel
procedure also provides . access to _substituted g —-alanine
derivaﬁives {(32) by condensation of cyanoacetic esteré(gg)A with
appropri&te ketones or aldehjdes (81), followed by réduction of

the unsaturated bonds.161-162
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| KK U
i 0 N N N
| NCCH,COR + RCR — I —2, | ‘
‘ CICNICOR H_NCH,CHCO.R
22 2 ‘
I ® N 2

e e e —_ - U —

‘The following then 1is a discussion of the proposed
mechanisms of the Knoevenagel condensation, the partlcular use
of cyanoacetic esters in this reacton .and appllcatlons -of the

latter to the field of carbohydrates. .

2.3. 1.1 The Knoevenagel Mechanism.
Knoevenagei observed, in a series of experimeants, that both
a Schiff base (93) and a gig-(dialkflamino) compound (94) could
react with malonic acid to give the same alkylidene product
(95), this product, in turn,: being 1dent1ca1 to that obtained by
reaction of malonic acid with the corresponding aldehyde {36)
uﬁder catalysis with ammonia, a primary amine or a secondary

amine.163-164 This verified his theory that the role of the

o T |

i RCH=NR' i

I 8 |
RCH(NR)), RCH=C(CO,H),

: 9% 95

RCHO |
%

amine was -to react with the aidehyde to form the_Schiff base 33
{in the case of ammonia or a primary amine) or compound 94 (in
the case of} a secondary 4amine); these dintermediates then
réactiﬁg with the active methylene éomponent to'yield 95.
Support for this proposal came mainly from the isolation of
nitrogen-containing compéunds fronm reactions conducted under

Knoevenagel conditions. Moreover, further treatment of these
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intermediates gave the  typical. Knoevenagel condensation
products. For example, Dilthey and Stallmanl65—166 yere able to
isolate the piperidide 97 from the reaction'of benzaldehyde

87y , dxbenzylketone, and plpetldlne. Treatment of 97 with acid

R He
CoheHptoHCy  — CHZCCCGS + O
cy CHCH
N &5 ,
e N |
: 97 98.

i

then gave the unsaturated dlbenzyl ketone 98 and plperldlne. The
p0551b111ty that 97 formed by addltlon-of‘plperldlne to the
initially formed unsaturated compouhd ggywas discounted | by-bthe
same investigators.té7? h

A ﬁore racent study by Charlesl5s .also indicated that
imines and N-substituiéd "imines  could ‘be used as starting
matefials for Knoevenagel-type condensations with active
methylene compounds. Thus, reaction of benzophenone imine (39)
with . cyanoacetamide (100) gave, withouﬁ the ﬁse-of‘catalyst{

compound 101.

!

i (CgHg),C=NH - 4 NCCH,LONH, —— (CHLC=C(CNICONH, + NHy 1

99 100 100 b

In addition, the Knoevenagél mechanism has received supgport
from the results of reaction iate studies in which ammonia. or a -
ﬂbrimary amine was used as catalyst; aldehydes tending to forn
the most stable Schiff bases were also those which. formed
Knoevenagel condensation'producfs the most slowly.159

In cases where the active ,methylene‘ compound has an
enoliZablé ketone, a modification of the lKnoevenagel mechanisnm

has been invoked wherein :an enamine is first formed which serves
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as the nucleophile in attack of another carbonyl group. #70—171
For instance, the intramolecular.cyclizétion of compound 102 ‘is
believed to proceed by initial reaction with the catalytic
pyrroiidine to give the enamine 103 which then further reacts to
give the charged imine jgg. Hydrolysis of 104 then generates the

ketone 1Q§;
e —

CH CH
O

0
o

(] O
g 3
NI
o=
()
X
w
O
& e o
o
o of
[(#S]

105 104

2.3.1.2 The Hanr and Lapworth Mechanisn

The observation by Verley!72 and Doebner!?3 that pyridiae,
a tertiary amine, could be used. to effecﬁively catalyze
- Knoevenagel condensations led Hann .and lLapworth1?¢ +to- propose
that the function of the base in these reactions was to remove a
proton from the éctive methylene compéund to give an anion . (106)
which then added to the carbdnyl compound. The resulting alcohol

{(107) could then dehydrate to form the usual condenrsation

product (84).

( - ~ —_———

Base R(‘fR’ F$ >l( —HZO l
83 2, x—cHy — HOC-CH  —2— 84
Ry

Evidence for this mechanism has come from the isolation of

the hydroxy intermediates 107. Thus, reaction of nitromethane
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- with . 2-nitrobenzaldehyde and 2,4-dinitrobenzaldehyde gave

compounds 108 and 103, respectively. 175 Similarly,
o TN, T T
‘,I ©/(IIHCH2NOZ ‘|
I OH !
R |
18 R |
’ 109 ReNo, |

trichldroacetaldehyde (110) and malonic acid yielded the B -

hydroxy acid 111, decarboxylation .occurring spontaneously.176

. CCLCHO CCI,CHOH,COH
1w o1

Kinetic studies of the Knoevenagel reaction $hpwed that, in
general, added acid decreased the rate of reactidn vhile added
salts such as lithium chloride increased the rate, infefriag
that ionization of the acti?e methylene compound (83) was the
rate-determining step.¥50-153 The order of reactivity of active
methylene  compounds vas determined to be CHZ(CN)2 >
CHZ(CN)COZCZHS > 'CHZ(CN)CONHZ > CHZ(CozczHSb . 153 The
dissociation coastants of these compounds follow a similar
trend. .

A modified Hann and Lapworth mechanism has been suggested
in which protdnated apnines are the active catalysts in the
Knoevenagel condensation. 169 177-178 The introduction by Cope of

ammonium acetate and other amine acetates as effective catalysts

has reinforced this possibility.147—-148

- —— s —— . ——— i — — — — - " " > — T

2.3.2.1 Non-Carbohydrate Applications.

- o e e e e i i e e

Cyanoacetic esters generally condense with aldehydes and
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ketones under Knoevenagel conditions to give the normal o, -
unsaturated cyanoacetates (112). Occasionally dehydration does
not occur and the pB-hydroxy addition compound {113) 1is

isolated. 179 If excess cyanoacetic ester 1is used, Michael

Rum=acmc%§+-wo

| ' 12 t
. RER 4 CH,{CNICOR" RE(OHICHICNICO,R’ ;
L0 R 113 :

R(é/[CH(CN)COZR]Z- 5
A3 :

addition to the unsaturated bond of 112 can cccur resulting in
formation of substituted glutaric esters (114).180 Compounds of
type 112 can also add cydnide ion!81! and Grignard reagents!®2 to
the dodble bond. Moreover, alkylidenecyanoacetic esters such as
115 can be alkylated'to give B ,y-unsaturated esters (33§),183

o R
1) NaOC_H,-i

|

— 37 CH.CH,CH=C C{CN)CO,C,H :

CH3CH2CH2(l:—C(CN)COZCZH5 Z)—R;—a Ty <'; 225 :
H

CH3 3 116 !

Successful»condensations of chnoacetic esters with keto#es
have gemerally employed ammoniun acetate or acetamide and acetic
acid as catalysts147-148 yhile with aldehydes, piperidine has
‘been widely used thougﬁ_ammonium acetate and weakly basic ion-—
exchangelresins have.been.equally.effeqtive;154—¥55

Ketones, unlike aldehydes, often Present steric factors inm
condensatiqns,with cyanoaéetip.esters which,cbnirbl the yield of

product and the rate of .reaction.. For _example, with: the

cycloalkanone 117, in which there 1is a single a-substituent,
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condensation occurred .readily, while withlllg, in which theie
are two o-substituents, there was»essentially aé reaction. 184
Steric considerations also enter into the explanations of
the observed stereoselectivity of the condensations of
cyanoacetic esters with aldehydes&85 To illustrate, 2<
methoxybenzaldehyde reacts with ethyl cyanodcetate to give
exclusively the trans product 113,186 a. geometry which allowus

the.greateét distance between the bulky phenyl and ester groups.

| R

R OCH3H |
W\ fr
C—C0,C.H

1z R=H:RI=CH3 NC/ 2725 ;
118 R=CHy: R=COLH. 119 ;
‘No such stereoselectivity 1is generally seen in analogous

condensations with ketones.187—1389

2¢3.2.2. Applications to Carbohydrates.

Zinner and <co-workers!?0 were able to condense ethyl
cyanoacetate = with 2,3:#,S—di—g—isoptopylidene—g-arabinose‘using
diethylamine as catalyst. The product was the unsaturated

acyclic heptose 120. Stereochemical aspects of the reaction were

. ClHZ—(IfH—(l:H—?H—CH=C(CN)C02C2H5 &
i

00 0.0
XN

;
[

- not discussed.
Concurrently with the present work, a report has appeared
describing the condensation of the 3-ketose 14 with ethyl

cydnoacetate under phase-transfer catalytic conditions to give
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the branched-chain sugar 121. A Michael-addition of cyanide to
the - d0uble bond of 112 then yielded the gem—-di-C-alkyl

dérivative 122.191

0

| ><0 0 ><0 0

CN '

0 0 :

NC"—"C 0_4__ (EHCN 0+ .

‘ 0ft COE! !
12 122

I R

—e e e -

chemistry are the formation. of carbon-carbon bonds and the
introduction into molecules of versatile functional groups
amenable +to further derivatization and modificatioh. The anioms
of 1,3-dithiane!92 (123) and 2-substituted 1,3-dithianes192-195
{(124) have. shown themselves in the past decade to fulfill both
of these. obijectives at once by virtue of t-their high;y
nucieophiiic properiies and their ability to bé éoﬁvértéd under
mild-conditions to the synthetically useful carbonyl gfoup.’ The
dithiane éystem is also thermally stable as well as‘béing
relatively inert to acids ana bases, making :it even more
valuable as a syanthetic tool. Moreover, these thiocacetals lack
the overwhelming malodorousness generally asscciated with
organiérmercaptans. : | |

-~ 1,3-Dithiane (123), first prepared and used synthetically
by Corey and Seebach192 ian 1965, is an example of a masked
cafbonyl which -allows for a reversal, or ggﬁglggg}?é,;of the

normal reactivity of this latter group. That 1is, whereas . the
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124 R=CHy, i-C ;. G, ; . {

(CH3)35i

i |

normal carbonyl (125) effectively carries a positive charge on
the carbon atom to which nucleophiles can .add,!'96 the mnasked
carbonyl, in the form of ‘its thioacetal 126, is capable of
supporting a negative charge on this same carbon so that it can

now act as a nucleophile. Streitweiser!97 and Bernardil®8 have
N

i . .®
e H eL' i
{ \\ét/ s:>\§ |
. — U
? 0

125 126 B

—_—

independently concluded that the p;larizability of sulfur rather
than thé availability of empty d-orbitals is responsible for the
acidity of the a—hydrogens of the 1,3-dithiane system.

For brevity, the followiﬁg discussiqn will restrict itself
to the chemical properties of anions of the unsubstituted 1,3-

dithiane system 123 unless otherwise noted. The <chemistry of

~both 123 and 124 has been reviewed.19¢ 199

3.1 Nucleophilic Reactions of the 1,3-Dithiane Anion..

2-Lithio-1,3-dithiane (126), conveniently preparedi92 by
.reaction,of 1,3-dithiane with =n-butyllithium at temperatures
betweeﬁ =109 and *}00, feacts nucleophilically?929 with alkyl
halides and benzenesulfonates, witﬁ‘ epoxides, ,aldéhydes,
ketones, nitriles, amides, esters, and immonium salts. These
reactiéns and their products are summarized in Table I.

The dithiane anion reacts with halides more readily than
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with epoxides, as shown -by the exclusive fbrmation of the
epoxide 133 when the bromo epoxide 132 is treated with. one
equivalent of anion 126.200 Though epoxides are generally opened

by dithiane to give the B-hydroxyalkylated derivative 128 (Table

]
B i i ek e SN

126

:
, .
e 2
: Br
I </ m
I),201-202 cycloalkylation203-204 can. be achieved by

subsequently forming thév p—-toluenesulfonyloxy dérivative 134.. .
Addition of o@e equivalent of nebutyllithium: then leads to
intramolecular cyclization, yielding the cycloprﬁpyl conpound
(1§§)i_ Seebach and Wilka29095 have observed that while such:
intramolecuiar displécements of\ tosylates prdceed' smoothly,
benzenesulfonates are greatlf superior- for the analogous
bimolecﬁlar reaction by which codeunds of type 121 "ére,

generated. - o mies ceme oo - se oo

/ﬂ

R 0Ts R 0Ts R
-Buli I ~
| y S n-Buli R::IE%fij —_— o :>
R
S |
&s\) | s i

Acylation of 1,3~ dlthlane u51ng amides or  nitriles is

practical‘dnly if the latter two,groups'have no o-hydrogens.206
In both <cases, the o-hydrogens are more acidic than those of

1 3—dithiane so that metal exchange rather than addition‘occurs,

produc1nq 136 he sane restrictions apply to reactions of ‘the
126+ rewx = { > + ROX
XCNCONH '

immonium salts.207-208
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‘The addition of 2-lithio-1,3-dithiane to o,8 -unsaturated
carbonyls {137) generally occurs in a'1;2—fashiOﬂ rather than in
the conjugate Michael-type 1,4-fashion.194 A trausitibn‘ state

{140) in which the carbanion center cannot reach the y-carbon

atom of the unsaturatéd»system has been postulated in order to

explain this phenomenon.2?29? However, -this cannot account for the

f&ct that 2-subétituted dithiane anions (124, R=COOC33;199
SCH321°) often add exclusively in:the 1,4-manner.

It has also.vbeen! suggested that an:'equilibrium exists
between the ‘1,2 and 1,4 addition products (138 apd 139,
respectively).211 This was demonstrated2!? by the reaction of 2-:
1ithio—2-phenyl;1,3-dithiane (124, R=C6H5) with 2—cyclohexanohe:
gﬁenching of the reaction mixture at room temperature. gave
exclusively the 1,4-adduct 141 while quenching at —7804gave 65%
of the 1,2-addition product 142. It was thus éoncluded that 1,4-
addition is é thermodynamically-controlled proCeSs while 1,2-
addition is kinetically favoured. 1In the case of addition of

unsubstituted 1,3fdithiane, the egqguilibrium would lie far on the
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5 ;
L w |

. 141
side of the 1,2-adduct.

TABLE 1: REACTIONS OF 2-LITHIO-1,3- DITHIANE (126)

Type of Reaction Electrophile Product

Substitution R—=X ¢ X: ‘
i (x=Ci,BrI) !
9 .
R-Oﬁ@—R e/
0

~

-
~

U
(R=H,CHy) B
t
Displacement 0 S OH .
%/ R &8. .
R R R :
OH |
Addition RER i, i
lg RCR 129
(R'=H, alkyl, aryl) i\)
g
| RCN ¢ »C-R 130
! +@ '
R.C=NR |
* z Y
‘ Addition— RENH, ' 130
Elimination 0 !
RfOR 130

3.2 Conversion of 1,3-Dithianes to Carbonyls.
d

The need to have general, efficient methods of hydrblyzing
the 1,3-dithiane group to a carbonyl group under mild conditions
has produced several different approaches to this problem. The
transition metal-induced hydrolysis of dithiane is‘an adaptation
of Fischer?s213 use of mercuric chloride to hydrolyze ﬁis sugart
éthyl S,S‘aceﬁals while the neﬁer methods of oxidative and’
alkylative hydrolyses of thioacetals represent atteﬁpts to make

the sulfur moiety'va better leaving group. These will be
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discussed in turn while other methods, such .as direct hydrolysis
with acid,214 will be omitted since they cannot be considered as

mild procedures.

3.2.1 Transition Metal-Induced Hydrolysis.

The hydrolysis of thioacetals is a reversible reaétion
which can be driven-to completion:only by removal of one of the
products as it is formed (Scheme 1).21!5 This is accomplished by
\use of a tran51tlon metal chloride which .irreversibly biads ulth

the -thiol to form a metallothlolate {143, Scheme 2). The most

{ R SH
P )( + HO —  o=C + {

2 ot
; R SH

Scheme 1

R [

commonly used reagent of this A type has ' been  mercuric-
chloride,i9° though cupric chloride21s has élso been employeda. .
The reaction is wusually performed in agueous polar organic
solvents,217 neutrality being ‘maintained by the addigicn of
insoluble carbonate salts217-218 or mercuric oxide219 to remove

the ac1d formed..

. i

I R !

4 ‘
; , 0=C_, + 2HCI
R M, | Ry® R—C—c | Hy0 ‘R
! L — X —_— e —_— ‘
; " K ® ) CSMCI ;
- ) T + .

. : NC5 ia . SMCI

143
Scheme 2 M= Hg Cu

[E— ———— e e

Though this method of hydroly51s appears to be general it

fails in the case of acyl 1,3-dithiane derlvatlves (144).217 220

3.2.2. 0xidative Hydrolysis
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|
A ! s’ R i

1] !

| |
oxidation of a sulfur aton of a 1,3-dithianyl derivative to

the S-oxide 145 permits mild acidic hydrolysis to ‘the
corresponding ketone or aldehYde (Scheme 3).221-222 Thiols are
converted to the disulfide 146 in the process, ensuring complete

reaction. The hydrolysis of disulfoxides (147, Scheme 4) to the

8
<:ZXZ JQL; <:ZX$ JiﬁHg/\\/Ng;%Lw :

145
; s
R R
; N7 + (\
n S—s5

Scheme 3 146

corresponding carbonyl derivatives with hydrogen chloride has
also been .shown to proceed via the monosulfoxides 148, some of

which have been isolated.223

H.C
AN A wa HLS AR A ‘ .
' c — c —— 0=C 4+ HLSSCH *Cl
| H CS/ \R: /N, N, 3 3 2
3 HCS R R
[ 30
0 0
147 148
Scheme 4

. ~ . R N

Among the reagents used to effect S,S-acetal hydrolysis via
the S-oxide intermediate 145 are bromine217, N-chloro-217 224
and N-bromosuccinimide.217 Thé formér is obviously incompatible
with the presence of double bonds in the substrate to be
hydrolyzed, a problem overcome by use of the N-halosuccinimides.

The latter also promote hydrolysis of dithianes of type 144 to
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the. di-acyl derivatives. 217
Ceric ammonium nitrate in-équeous acetonitrile converted
the 5-C-dithianylribofuranoside 149 to the <corresponding 5-C-

formyl derivative 150 in high yield.225S

Ne o
‘ CH tHy o OCH
2 o ()CH3 3 '
t 1
05 O 05"
149 150
Hydrolysis of  the thioacetal of acetone has Dbeen

accomplished using sulfuryl chloride and wet silica gel.226
Benzoyl peroxide was developed as an- oxidatiye hydrolytic
reagent for the dithiane moiety of “'squalenes when problems were

encountered with the traditional mercuric chloride procedure.227

. 3-2.3. Alkylative Hydrolysis..
Alkylative hydrolysis of 1,3-dithiane derivatives proceeds
via the sulfonium salts 151 (Scheme'S)._Both,the mono—- and bis-—

sulfonium intermediates have been isolated.228-230

'f'
R, ,S” R% IR R

X ) — |, _— 7‘/5\/\/5\‘?,, ‘

R % R % o {

191 ;

lHZO !

Scheme 5 0

Alkylating agents employed have included methyl iodide23t

in aqueous acetone, acetonitrile or . dimethylformamide,
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trimethyl- or triethyloxonium tetrafluoroborate228-230 a5 well
as methYl fluorosulfonate.232 The latter reagent can also be

used to promote conversion of thioacetals +to acetals,233 a

/reaction which has found value in. the formation'of benzylidene

derivatives of carbohydrates?234 (152) under neutral conditicns.

' HO CH ? '
o3 H 0

. 0 XS A e ,

S 0 OCH3 ,

' OH i

HO 0CHj e
CH

OH 3
152

|

Barton and co-workers235 used benzeneseleninic anhydride to
achieve hydrolysis of 1,3-dithiolan derivatives which were inert
to other standard reagents. A selenenic intermediate of type 1353

-was postulated.

l
R ® |
%S v
R :] !
S |

I ]
? ,
153 & !

o
o

Mercuric‘oxide - boron trifluoride201l has been developed as
a hydrolytic system for the  dithiane group; of sensitive
molecules and has been wused by Paulsen in thevcarbohydrate
field.23s6

Dethioacetalization. "has also been accomplished

photolytically.237

3.3 Reactions of 2-Lithio-1,3-dithianes with Carbohydrates. .
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The nucleophiiic properties of anions of 1,3—dithianes (123
and 124) have beeh:advantageously utilized in the synthesis of
chaih-elongated and branched-chain {a- and = B- type)
carbohydrates from K suitably functioaalized pfecufsorSiw Such
syntheses have been feviewed by Seebach,199 Géro,!! and Wande;
and Horton23s so that: the followiﬁg disc&%sion~ will be
restrictgd.to the salient features of these probedures. - There
have been no repotts of reactions between thioacetal anions and

nucleoside derivatives.

3.3.1. Chain-elongations of Carbohydrates.

Géro and co-workers225 wyere able to displace the .primary
halogens of +the nmethyl ribofufanoside 154 and the acyclic
erythritol 1§§ " with 2—lithio-1,3—éithiahe in
hexamethylphosphoramide +to afford reasonable ‘yields of the
dithianyl aerivatives 149 amnd 156, respectively. Subsequent
hydrolysis of the dithiane moieties of the latter two compounds
with ceric ammonium nitrate {see Section 3.2.2;)‘ followed by
sodium borohydride reduction of the  resulting formyl
functionalities gave, respectively, the  one-carbon chain-‘
extended deoxy sugars 157 and 158. An,atteipted displacement of
the primary tosylate of 153 gave only a 5% yield of 143, a mnot
surprising result in view of later observations by Seebach and
Wilka205 (see Section 3.1).

Chain-elongated deoxy-sugars were produced by displacement
of the 5,6-epoxide of the partially unblocked furanose 160 with

dithiane anion.239 Attack occurred exclusively at -the primary

position to give the adduct 161. Hydrolysis of the dithiane
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! CHR
2 0~ OCH M o ocH tH o ocH, :
i — —_—
o>x:o Oﬁxfo Oix(o
o 154 Ra1 149 157
j 159 R-0Ts
, M
i R S CH,0H
‘ 0 H 0 CH 0 ;
! ok><f 3 on 3 oﬁ><f”3 ‘
; CH0 CHO CH,0

155 R:1CI 156 158

group using ' boron trifluoride-etherate yielded the unusual

tricyclic monosaccharide derivative .162. .

9 j
R Y |
0 (:H2
0 HO 0
OH OH ;
0 0 !
) o]
’ 160 + 16 +

‘One~ and two-carbon egtenéions could also be obtained from
the dithianyl.éompounds formed by reaction of the exoc yclic
formyl group of 163 with the anion of 2—1ithio—1,3—dithianez°ﬂf
or 2-lithio—2—methyl—i,3—dithiaﬁe.?41—242 ibus, while the lé—
reaction was fun in tetrahydrofuran:with 12324¢, 2-methyl-t1,3-
dithiané} produced in-.the sanme sdlvent both.possible C-6 epimers
165 and 166 in yields of 42% and 17% respectively.2%2 Only .the
gfglzcero derivative 166 was - formed when the rTeaction was

conducted in hexamethylphosphorictriamide.?*1 Configuratioans
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166 R=0H:R:H

were. determined . by circﬁlar dichroism and by chemical

correlations.
A precursor to C-nucleosides {see Section 4) (168) : was
formed when é—lithio-2~methyl-1,3—dithiane vas .added  to the

lactone sugar 167.29%1

! V(I:H cH, 12 !
! ) !
: 0 0 :
i QO J
| OH
{
0 0 0 0 '
>< ><
167 168
3.3.2. .Synthesis of Iype A Sugars.
pailsen and co—workers,235 concurrently. with. Géro's

group, 249 prepared methyl g—hamameloside (112) by first adding
2-lithio-1,3-dithiane nucleophilically to the 2~ketoglycoside
169 and ‘hydrolyzing ‘the resulting product {170) to afford the
formyl derivative 171 which was then 'reduced with sodium

borohydride. The dithiane addition was stereoselective.

f

; 0 CH, 0,0CH, l
4 o;:;é ﬁg:l?y
‘ —%0 0 0 ou |

|

171 R=CHO
172 R=CH,0H
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A similar stereoselectivity was observed in the addition of
dithiane anion to the 3-ketoses 173 and 174 to give 175 and 1176,
respectively.236 In both cases, the anion attacks from the least

sterically hindered side of the sugar molecule. Compound 175 has

’ M :
S

. 0 0 . ‘
f 1

H3C 0 H3C 0
. 0 O+ OH o+ :
; 173 ’ 175 ‘
0 ' ’
0 |

><0 o +o S S
0 0 |
0 04— OH 04_

1% 176 ‘

seryed as‘a precursor in the synthesis of L-streptose (3)23% and
its a—- and B-glycosides243, analogues of streptomycin.

By reacting 2-lithio-2-methyl-1,3-dithiane with the 3-keto
hexofuranose 177, the dithianyl.adduct 1718 was bbtainéd - which,
by the sequence of oxidation, reduction, carbonate formation and
debenzylation, gave methyl 8~2fa1dgaroside '(122).244;2‘5'The
configuration of the branched-chain of 173 was determined by
comparison of its proton n.m.r. spectrum with those of the three
other .isomers obtained in the same Treaction and from this
information +the complete structure of aldgarosé, a sugar
éomponeﬂt of ‘the antibiotic Aldgamycin:E?, was proven.

Determination of the configuration at the branching point
of such sugars as lzg,‘gzg, 176, and 178 was hampered by the
fact that, there being no hydrogen atoms at these quaternary
centers, no measurements of vicinal proton-proton spin-coupling

values could be determined. Recourse was thus made to chemical
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CH3 3

:

. 0,0CH, 0,0CH, o OCH, :
’ &

) OCH, & ™5 01 OCH,#

177 178

and optical correlations with known compounds.225 240-241 24S

However, the use of single-crystal =x-ray crystallography2%e

allowed wunambiguous assignment of configuration of the L-

stréptdse derivative 175. Géro and co-workers239 247-2%8 have
employed comparison of 13C-n.m.r. values of closely related Type
A branched-chain: dithiane sugars to determine their
steredchemistry. 'Also,4'configurétional assigﬁﬁents have been

made using lanthanide shift reagents and 1H-n.m.r.249-250

3.3.3. Synthesis of Type B Sugars.

The~Synthesis of Type B bfanched-chain sugars . using 1,3-
vdithiaae aniqns has proceeded mainly from.aisplacément reactions
with sugar epoxides. The dithiane nucleophile generally attacks
in a regioselective manner, as was shown?39 in the case of the
terminal epoxide 160 - {Section 3.3.1.).

D-mannopyranosides {180 and 1§1) by 2—1ithio—ﬂ,3-dithiane was

observéd qiving, respectively, 3-C—dithiany1— and  2-C-

183 R:OH:R: i} |

i 0-CH, O-CH2 0-CH, '
¢ H ?
| 0 |

K <® < s
‘ 0 OCH, OCH, ;
| 180 181 182 R- éj) Rmil



42

Similarly, Yamashita and Rosowsky,252 in their studies on:
the synthesis of arabinofuranosyl branched-chéine ’shgaré,
discovered tha£ 1,3-dithiane attaéked-preferentially at C-2 of
the 2,3-anhydro sugar 184, presumably owing to steric
interference by the bulky C-5 blocking group to\C-3 attack, to

give compound 185.

SUS
RO 0 RO 0 I
|
‘!
OCH3 OCH3 i
0 OH :
]_%_ R=ﬁ3C-'¢CH2- ﬁ& R= ﬁBC-‘ ﬁCHZ‘

4., C-Nucleosides.

Compounds in which a heterocycle 1is attached to the
anomeric carbon atom of a monosaccharide, usuéily ribose, by a
C-C bond are referred to as C-nucleosides. The first example of
a  C-nucleoside, pseudouridine.'[5—(6—2-ribofur&nosyl)uracil]
{186), was isolated from an alkaline hydrolysate of‘ calf 1liver
RNA in 1959_ by Cohn253, who also identified it.259%—-2355 Since
then, a number of other C—nucieosidés have been isolated ({see
Figure 1I) from fermentation sources. All, except pseudéuridine
(186) possess antibiotic properties and some {e.g. oxazimnomycin
187, showdomycin 188, formycin:189, and pyrazomycin 192) disglay
antitumour = and antiviral actiﬁities.%9 256 The biological
activities of C—nucleosides stem from. £he enhanced hydrolytic
stability of the glycosidic carbon-carbon bond,comparedvto the
more labile éarbonfnitrogen bond of the common nucleosides.Z257
Moreover, C-nucleosides, being structurally related to the

normal N-nucleosides can replace these latter ccmpounds in . the



HN NH

X
H 0
OH H OH OH
Pseudouridine Oxazinomycin Showdomycin
(186) (187) (188)
0
H
HN ‘ Ny
HO ol\ﬁ f
0
OH OH ‘ OH OH
Formycin Formycin B Oxoformycin B
(189 (190) (18n
0 NH
H N N R
2
HO | ;N
HO 0
OH OH
Pyrazomycin Pyrazomycin B Indochrome B11
(182) (183 (194)

Figure 1: Naturally - Occurring C-Nucleosides
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enzymic reactions associated with metabolism and tRBRNA synthesis
and consequently interfere with these processés.zsal

Becausé the biological propertiesi9 256 of C-nucléosides,
as well as the synthesis259-260 of both natural C-nucleosides
and their analogues, have béen exhaustively reviewed, a detaiied
account of such topics in these pages would be redundant. The
following, then, is a brief discussion of the général,approaéhes

to C-nucleoside synthesis that are relevant to the present work..

4.1 Synthesis of C-Nucleosides and Their Analogues.

A great number of analogues256 260 of the naturally-
occurring C-nucleosides have been synthesized over ' the last
decade in an effort to obtain.more‘physiologically effective and
speéific éompounds. The success in this endeavour has been
highlighted by the synthesis261 of pseudo-isocytidine [5-(g-D-
ribofuranosyl) isocytosine ] {135) , the first synthetic C-
nucleoside to display antitumour properties.262

Four synthetid strategies have been employed to produce
novel C-nucleosidese. The first 1involves modification of
naturally-occurring C-nucleosides. . Far instance, Sorm and
associates263 brepared 6-azapseudouridine {1387) sy ozonélysis-of
pseﬁdouridine {186)  followed by <cyclization of the derived
thiosemicérbazone. A second approach to <C-nucleoside synthesis
involves the use of non-carbohydrate precursors. Thus, by a 
series of . readtions, Sato and co-workers26¢ were able to
. elaborate the oxabicyclooctenone 198 in a stereocontrclled
manner to give a variety of pseudouridine derivatives 1including

pseudo-isocytidine (195)..
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NH2 "”‘c')' T
HN"  NH HT NH i
| 0 ~ Na 0
HO 0 HO 0 '
OH OH OH OH
195 197 198

The direct coupling of a E}eformed heté?gégéle with an

appropriately blocked sugar derivative represents the third and
most direct'way of synthesizing C-nucleosides. The intermediacy
of metallated heterocyclic bases is generally réquired255 and
this will be discussed more fully in the following section .{see
Section 5.1).

By far the most préctical synthetic route to modified C-
nuclebsides consists of functionalization of a sugar derivative
at C-i followed by a stepwise elaboration.of a heterocyclic base
from this functional group. Two methods of  obtaining such C-
glycosides will be described, the first prdceeding from glycosyl
cyanides and the. second from condensations of #arbanions with

glycosyl halides.

4.17.1. Glycosyl Czanides.~

Based on éreviouSVWOrk.by Coxon,266 ‘Bobek and Farka#267
prepared the tri-QO-benzoylated ribéfuranosyl cyanide 200 in high
yield by reacting the bromide 199 with mercuric cyanide in
nitromethane. Only the B-isomer was obtainéd, presumably owing
to- neighbouring-group participatién. The orientation of the C-1
_éubstituents of C-glycésidés.is cr;tical.in the synthesis of C-
nucleosides sinée, but for a fewnexception5265-269 only the g -
dérivatives of the ldtter 'compounds exhibit | therapeutic
activities. The nitrile group -of 122 could be reduced with

lithium aluminum hydride to the primary amine 201 which in. tura
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Hg(CN), !
—_— .
!
|

0Bz- 0Bz

199 ;_ R=CN
201 R:CH,NH, |
202 R=CHN, |
203 R:CHO _J

|

was converted to the diazo derivative 202.270 Compound 202

served as starting material for synthesis of formfcin B271 (130)
and oxoformycin B270 (191).

Alternatively, the glycosyl nitrile could be reductivély
hydrolyzed to the corresponding aldéhyde {203) with.Raney'nickel
- and sodium hypophosphite. 272 Because 6f troublesome B -
elimination of Dbenzoate Qroups during this reaction, thé'
aldehyde 203 was trapped as the N,N’—diphenYlimidazolidine

derivative 204 as it was formed. The aldehyde 203 <could be

regenerated from 204 by mild acid hydrolysis. Compound 203 was a
key> intermediate in a simplified synthesis?273 of showdomycin
(188) and has been elaborated into a variety of C-nucleoside

analogues.260

4.1.2 Condensations with Carbanions.

Hanessian and co-workers274-275 have reported the reaction
of diethyl sodiomalonate  {205) with different glycosyl halides.

In their initial study, reaction of‘205 with the acetylated:

| i
lucopyranosyl bromlde 206 in 1,2- Hl th th ' ave ‘the C-
g PY y me OXye ane g | .
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glycosyl malonate 207. Only the B-isomer of 207 was.produced.v

AcO AcO

S COCH ° - 0, CHICO,CoHe), |
! a
Y. TN C.H{OCH,) Ac i
AcO Br 2% 32 AcO !
C02C2HS
' OAc OAc

205 20 207 ‘

When a polar solvent such as N,N-dimethylformamide was used as
the‘reactionvmedium, an appreciable quantity of compound.ggg vas
isoiated, this product arising from attack of the carbanion at
the dioxolenium carbon atom .of the intermediate acetoxonium ion
ggg. Shbsequent investigatiOﬁs were thus concerned with the use
of nbn-participating‘ blocking groups 1in- the ~reacting sugar

halide in order to avoid this competing side reaction.

i - - — =
. AcO AcO W
! .
0 0 i
I
1 OAc OAc
Ac 0 OCHCO.CH) A0 ? ‘
! 0-(::0 HCOL M, 0-C-CHICOC M), |
| CHy CHy
v 208 209
e e e e et e e - [P ——

Oohrui and Fox27?6 used the B-chloro ribofuranoside 210 in an
extension of Hanessian's origimal work, obtaining an & ,B-mixture
of the malonates . {211).. Equilibration of +this mixture in

ethanol-sodium ethoxide yielded exclusively the a-isomer of

211,277 . el
: I Tro o S Tro 0 }
! L: ;} _1<;::_;:;;7~,CH(cozcsz)z f
‘ 00 .
| <’ ><
| 210 21 '
Triethyl sodioethanetricarboxylate2590 and ethyl

acetoacetate276 have also been reacted with.  ribofuranosyl
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halides to givé the correspondiﬁg C—glycésides.

| The attachment of a-amino acids at the anomeric. carbon of
sugars by a'CQC bbnd hés lately been of interéét because. such
derivatives are highly_ functionalized and <can thus be
conveniéntly elaborated to C-nucleosides. These compounds also
allow easy access to ‘those C-nucleosides in which C-1.0f the
aglycon 'is attached to a cafbon and a nitrogen ({for imnstance,
compounds 189-193). The first synthesis of such aminé aéid cC-
glycosides proceeded from the reaction of the sodium salt of
diethyl 2-formamidomalonate (212) with the bromo.sugar 206 in
ethanol to give the C-glycoside 213 which was theh converted to
the glycine derivative 214.278 Later attempts to repeat the work

failed.274 O
HO HO !

¥ o o (?OZCZHQZ 0 ?OZH

" 206 F HCICOL,H), — oH C > (on CH
LHCHO HO NHCHO HO NH,

| OH OH |
212 13 214

Rosenthal and Brink279 obtained compound 214 by reacting

iggﬁ with the anion of 2-phenyloxazol-5-one (215) followed by

base hydrolysis of the producta.

4

]

The synthesis of C-glycosyl gljcines was extended to a
"furanosyl sugar byv Hall and co-workerézﬁo by }eacting the
potassium' salt of ethyl isocyanoacetate with a Dblocked D-

ggggggg—1,u¥lactone to give 21%. catalytic hydrogenation of 216

followed by hydrolysis yielded the 1lyxofuranosyl D- and L-



49

glycines 21f6a.

0 (.202H
HNH2

0 C <

HCHO H 0 :

020 Nco.C.H OH HO .
2725 |

5. Palladium-Catalyzed Synthesis of Modified Nucleosides.

The use of organopalladium intermediates for the formation
of carbon-carbon bonds is well known and has been reviewed.280a
Heck,281 using arylmercuric salts {217) - and 1lithium palladium

chloride {218) was able to arylate, olefins in varying yields. A

t

: H Li,PdCl, ATl Y
R e T M
217 x=Cl,0Ac = 218 - :

i H
L|2Pd(Cl)

mechanism was postulated (Sdheme 6) in which the dinitially
formed arylpalladium intermediate 220 added to the olefinic

double bond_ to give the sigma conplex 221.; Spontaneous

decomposition of 221 then yielded the olefin {213) and the metal
hydride 222. The latter compound could then be converted to the
catalyticaliy active form {218) by including an dxidizing agent
such as cupric chlotide‘invthe reéction.mixture. This general
arylation reaction was extended to allylic alcoﬁols,zBZ-zai,

allylic halides28%, enol esters285, enol etherézes, and carbon

monoxide. 286
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217 + PdX, — [ArPdX] +HgX ‘

Z@_ 220 ,

|

' ;

'220 + e=c(—— Ar—(-C-PAX —— 219+ [WPdx] |

| 221 222 |
Scheme 6

The arylatlon reaction could be performed w1th ‘aryl halldes
" instead of arylmercuric salts (212):1f palladium netal was used
as the catalyst,287 the active species 220 being formed by
oxidative addition of the metal to the halide. Moreover, ii wés
shown2e8 that the vinyl hydrogen atom of methyl ‘acrylate (224) .
could be,displaéed by ,ggggg—B-bromostyrene {223) under these

conditions to give the diene 225 in .moderate yields. Better

yields and. more stereoselectivity Awere' achieved 1in these

Q_

c=c¢ +  CHECHCOCHy —
'; e Nar -
, 223 | 224 CoHy |

——

reactions ' when trlphenylphosphlne vas used in conjunctlon with

the.palladidm metal to form tetrakistriphenylphosphinepalladium
0) (226).2°9 e
Ned
ﬂ3P// \\P
26

The phosphine complex 226 also catalyzes the coupling of
vinyl haiidés (e-g. 223) and alkyllithium compounds291 (228) or
Grignard reagents2990-291 (229) to give, in both cases,
exclusively the cis ogigggg§rproductig§g in high yields yvia the
organopalladium intermediate 227..

The general principles just ~ described have been

sucéessfully employed in the synthesis of modified nucleosides.
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Q Q |
. C/ RLi (228) or A

e \F,<,Br(p}z;3)3 RMgBr (229) W’ N\

5.1 Synthesis of C-Nucleosides vi Oorganopalladium

Intermediates.

The»direct synthesis of C-nucleosides (see Sectiom 4) Dby
coupling of a heterocyclic base with a suitable Sugar derivative
isA not ’yet an entirely satisfactory operation. The first such‘
atteﬁpt vas reported by Shapiro and Chamber5292. who condensed
the chloro sugar 231 with"thevs-lithiouracil derivative 232.
Pseudouridine {186) was obtainéa in only 2% yield after removal

of the blocking grbups,

i Bz20 o & RO N ) |
+ L — /= e
| Li
' OR ‘ |

231 232 ReCHy |

e o

Slight  improvenments were méde in the yields. of
" pseudouridine {186) by reacting 5-1lithiouracil derivatives (232,
R=He,C-, PCH5y) with a blocked aldopentose derivative293 and a
ribonolactone derivative.?294

Recently the direct, ?allédium—catalyzed coupling of the 5-
mercuriacetyluracil derivative 233 with the triaéetylated glucal
234 was reported?9S to give the C-nucleoside analogue 235 in 20%
yield;' Spontaneous déacetylation and opening of the pyranose

ring were the main disadvantages of the reactiocn seguence.
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¢ - 0
* H CN/n\NCH3 Li,Pd(0AC),CI, l
3 Ac / ) .
0 = AcO AcO\— t
HgOAc P 0 :
23 234 235 yoh e
i |
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5.2 Synthesis of Pytimidiné Nucleosides Modified at C-3

using Oorganopalladium Intermediates.

Bergstrom and coworkers296-297 have recentiy déscribed the
palladium-catalyzed alkylation of the C-5 posifion of uridine
and 2'fdeoxyuridine., For exanple, reaction of | 5-
chloromercuriﬁridiﬂe (236) with methyl acrylate {224) in the

presence of the palladium catalyst 237 gave the trans derivative

238. - L e

0 o]
HaCl N CH=CHCO,CH;
v AU &
o~ 07N
HO 0 , HO 0 ‘
Li,PdCL
4
+ 2
- (237)
OH OoH OH OH |
236 38

Pyrimidine nucleosides substituted at C-5 display im many

cases chemotherapeutic properties.298—301

6. Modified Pyrimidine Bases and Their Nucleosides
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Uracil derivatives modified at C-5 (239) represent an
interesting class of compounds displaying antiviral, . anticancer
or mutagenic properties.302 TFor example, 5-fluorouracil {233,
B=F) iS'used clinically in the treatment of leukenmnia. Becausé
the physiological activity of S-fluoréuracil.has been linked
with +the stability of the  carbon-=fluorine bond3o3, the
incorporation df 'such stable 1linkages in the form of carbon-
_carbon bonds (239, R=alkyl, aryl etc.) has been pursued in. thé
interests of producing medicinally valuable analogues. Thus,
pseudouridine (186, Section  4) . and its derivatives may be
considered aé c-5 modified uracil compounds - (239,

R=ribofuranosyl).

N R HO 0
A |

0 N
H OH R g
239 240 R=H,0H

Though uracil derivatives of type' 239 are pofentially
valuable in themselveé they can also be converted by
conventional techniques to C-5 substituted nucleosides (240),
another class of clinically ‘useful compounds (see Sectior
5.2) «298—-303 715 this case, the nucleosides  can  display
biological activities completely different from those of the
parent base. For example, 5-fluorodeoxyuridine (240, R'=F, R=H)
is an antiviral agent as well as an anticancer agent.300-301

" The Dbiological studiés of nucleosides subétituted at C-2
(241) or C-6304 (ggg)'ﬁave not receiﬁed'thé atﬁention accorded

the C-5 analogues {240) mainly because problems encountered in



their syntheses. have made very few of these compounds available.

However, the finding'that naturally-occurring orotidine {242,
'R=COOH) 1is . essential for the biosynthesis of RNA pyrimidine
nucleosides in mammaliah-systems3°5 is an indicaéion that C-6
modification éf this compound may havevimportant physiological

implications. . . . . . L e

HO 0 HO 0

e e e ————

‘The following, then is a brief discussion of the wmore
éréctical methods. of introducing. carbon-carbon  linked
substituents at C-5 of uracil derivatives (239) and C-2 and C-6
of 'pyrimidine nucleoside derivatives {241 and 242,

respectively).

6.1 Introduction of C-C Linked Substituents at C-5 of Uracil

Derivatives.

’Pyrimidines substituted at C-5 (239) can be synthesized by
condensatipn of appropriateiy functionalized components. Thus,
feaction.- of ethylisothiourea (2535 with -
ethyloxymethylenecyanoacetate (244) in the presence of base
gives a S-cyano derivative (245) .which can be hydrolyzed to 5-
cyanouracil -fggg, R=CN) . 306 - This method 1is limited -by the
availab%lity of the necessary three-carbon precursors.

Aromatic substituents can be photolytically attached to C-5

of uracil derivatives. Irradiation of a solution of 5,6-diiodo-
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| [l NC COZEI CN ®
\./” NaOEt HN H
Ao+ ¢ =5 "I | — 239 (recn)
E1s” “NH Il =
= 2 CHOEY EtS7 =N

243 244 245

1,3-dimethyluracil (246) in benzene gave the S5-phenyl adduct 247

by a free-radical mechanism.307

6% o Ty
CH

3
246 247

The direct introduction of a functional group at C-5 that
can bé further modified to give any type of side-chain is
perhaps the best approach. to altering pyrimidines at this
pdsition. Towar@ this.end, the highly versatile l$¥formyluracil
(232, R=CHO) hés been synthesized in high yield by condensation
of formaldehyde with uracil (239, R=H) . under acid or base
catalysis, followed by manganese dioxide oxidation of the
resultinQ 5~hydroxymethyluracil {239, R=CEZOH).308

The use of 5-1lithiouracil derivatives {232) ' as precursors
to C-5 tibosylated compounds ‘has been discussed (see Section
5«1« |

Finally, the synthesis of a stable C-5  mercurated wuracil
derivative (35@)307‘_has 6pened the way to‘modificétion of this
position using the palladium~catalyzed reactioné discussed

previously {see Section 5).

6.2 Synthesis of Base-Modified Pyrimidine Nucleosides:

6.2.1. Modifications at C-2.

The synthesis of modified nucleosides of type 241 by direct
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condensation of a 2-substituted uracil derivative and a sugar
would appear to be sterically unfavourable by amalogy with the
synthesis Lof 6-substituted nucleosides of iype 242 (see Sectioan
6.2a2.1s ) - The most convenient route to C-2 modlfled nucleosides
lnvolves the 1ntermed1acy of 2, 2'-anhydronucle051des {243), the
chemistry of ‘which has been. rev1ewed by Fox.30% Various

nucleophiles are known ‘to attack the anhydro. linkage of 249 at

o 0
o]
N ﬂ/ED
oL 4 el
0 N 0

HO

OH : OH

248 25

C-2 to give tbe 2—substituted'gggg;gg nucleosides of type 250.
Thus, reaction of ggg with hydroxide; methoiide, ammonia or
hydrogen sulfide310. gives 250 in which R is respectively OH,
CH3O, NHZ or HS._Introduction-éf a C~C linked substituent at C-2
has been achieved3!! by reaction of an anhydronucleoside with
dimethyloxosulfonium methylide to give . 250 (R=H92§-8§).
Pyrimidine nucleosides having the ggggigg éonfiguration (e.gs .
250) are medicinally valuable compounds.30i

The main disadvantage of this method of synthesizing
modi fied nucleosides liesA in the inability +to¢ predict ‘the
position of attack of a particular type of anion; both azide312
and phthalimide313 anion attack on the sugar portion of the

anhydro linkage of 249 to give C-2' modified nucleosides ({251)..



The - first syntheSis of orotic acid '(guz,

HO 0

OH R

25) R- N3 , phthalimide

6.2.2. Modifications at C-6s

6.2.2.1. Direct Condensation.

57

R=COOH) -was

achieved in only 8% yield by Curran and Angier3!4, who condensed

the mercury salt of n-butyl orotate with tribenzoylribofuranosyl

chloride. The main product {10%) was the sterically favoured N-3

- glycoside 252. Other studies315-317 concerned with the direct

_coupling'of 6-methyluracil derivatives with sugar halides

that

COOH
HNT ™ \
07 ~N""p .
HO 0 )

OH  OH
252

the N-3

showed

glycoside was again the favoured product, though
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conditions could be altered to render acceptable yields of the
N-1 glycoside {242, R=CH,)-

Proceeding from such a modified gondensétion_reaction,
Klein and Fox318 ywere able to oxidize the methyl group of 242
(R=CH3) with selenium ﬁioxide to give 6-formy1uridine‘(g§g,
BR=CHO}, én important intermediate for further dérivatization of

the C-6 position.

6e2e2.2. Nucleophilic Substitution.

The 5,6-double bond of uracil and its derivatives is known
to be susceptible to nucleophilic attack.393 For instance,
sodium bisulfite adds to uracil or wuridine in a reversible

manner to dive the 6-bisulfite  adducts 253 and 254,

H i
HN H '
H :
}\ SO3eNo° ‘

253 R:=H

S~

254 R: B-D-riboturanosy!

respectively. 319

o
—Z

!

By reacting potassiun cyanide with. the Dblocked 5-
bromouridine derivative 255 in:pyridine, Ueda320 obtained the 6-
cyano adduct g§2. The reaction was thought to proceed by initial
nucleophilic addition of the cyanide anion to C-6 of .the 5,6~
double bond of 255 to give the intermediate 256. Spontaneous
elimination of hydrogen bromide then gave 257. This’ addition-
eliminatioa mechanism was confirmed by deuteration studies of
the'analogous potassium cyanide- 5-bromouracil system330.

Ueda was further able to convert the C-6 nitrile group to a
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iiftyw HN)K/IBr HN)il
AcO g N Ao ;?\N CN ACO ;#\N CN
Ko, 8,
%><m 5 ijio i 0><f0
255 256 257

variety of other funéiiénalifiégnbfnégahdard procédures.331 This

is the only example of nucleophilic . introduction of a carbon

unit at C-6 of uridine.

6.2.2.3. Synthesis from Oxazolihes.

Holy332 haé'successfully reacted, under base catalysis, the
2-amino oxazolino sugar 258 with alkyl 2-butynoates to give the

c-6 alkylated 2,2'-anhydronucleoside 258. . These

0

. /zm ./€t§
' 0 . 0 )/
HO o Ny HO 0 N e
! _l<;::—;ji;7// RC=CCOCHe . |

H eg 90H !
2 259 R=CH,,C H, i

anhydronucleosides are weasily converted to the 6—alkyl ribo,
arabino or 2-deoxy nucleosides. 333

Similarly, Hall and co-workers334% were able to synthesize
various nove1_6—substituted 2,2'—anhydro—5;6—dihyd;o nucleosideé

by reacting 258 with.activated o,p-unsaturated esters. Thus, 258

and dimethyl fuamarate {(259) gave the 6-carbomethoxy derivative

258 HO 0
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Alkyl groups have been attached to C-6 of uridine _by
photochemical mneans335-336 and by Claisen rearrangemeat of 5-

allyloxyuridine. 337
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~III RESULTS AND DISCUSSION

The éork to be described has been divided into three basic
units. . These are: (1) The synthesis of glycosyl o - and g-amino
acids that are structural analogues of the sugar moiety of .the
‘polyoxins, {2) the synthesis of C-nu;leosides and their
ptecursors, and (3) the attachment of C-C linked éubstituents at
't—z and C-6 of pyrimidine nucleosides. Each unit has been
organized aécordiﬁg to the‘following headingsﬁ |

1. Glycos-3-yl Amino Acids: Structural Analogues of the
Sugar Moiety of the Polyoxins.
1.1. Synthesis of Derivatives of Glycos—-3-yl B—-Alanine: .
Application of the Knoevenagel Condensation of
Ethyl Cyanoacetate with a 3-Ulose. |
1.2. 5yﬁ£hesis 6f Derivatives of Glycos-3-yl Glycine:
Application .of the Bﬁcherer Procedure : via
Condensation of 1,3-Dithiané Anion with a 3-Ulosea
2. Synthetic Approaches to C-Nucleosides. .
2;1.‘ Synthesis of Functionalized ?recursors to C-
| Nucleosides.
.2.1.1;‘ quevenagel Condensation of | Ethyl
‘Cyanoacetate with a 2,5-Anhydro-D-allose.
2.1.2. Condensation 4of D;ethyll Sodium
| Phthalimidomalonate with a GlycéSyl Halide.
2.24 Syntheéis of 5-Alkyl Uracil. Attempted One-Step
Synthesis~of a Pseudouridine Derivative.,
3. Modifications of the 2- and 6-Positions of Uridine Using
1,3—Dithiéne Aniomn.

3.1.. Reaction. of 1,3-Dithiane Anion. with a 2,2
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Anhydronucieoside:vFunctionalizatiomlof the 2- and
6-Positions of Pyrimidine Nucleosides.

3.2. Reaction of 1,3-Dithiane Anion with- Blocked.’s'
Bromouridine: Synthesis of a 6-B-Alanine

Derivative of Uridine. .

1. Glycos-3-yl Amino Acids: Structural Analogues of the

—— v — ——— o —

Sugar Moiety of the Polyoxins.

The synthésis of -branched-chain glycos—3-y1‘amin6 acids has
been a subject of continuing interest in our laboratory.®8-72
The objéctive has been to form analogues of the Sugar hoiety of
the naturally-occurring polyoxins: ({see Introduction, Section
1.3.), the nucleosides of which might exhibit interesting
biological properties.!8 Since previous synthetic studies have
focussed on the attachment of a-amino écids, hotably glycine and.
alanine,?7 to suitable carbohydratevdérivatives by carbon-carbon .
bonds, it seemed natural to extend this work to the hitherto
“unknown . ﬁ-amino;acid'sugar derivatives. Such compounds could be
- of value in elucidating structure—activity relationships of the
various molecules synihesized.,

It was also our goal to find more efficient and convenient
nethods of syntheSizing those giycos—B-yl- a-amino acids which
had already  been produced by various heans in 'our laboratory..
Such new procedures, it was felt, should yield branched-chain
derivatives whose nucleosides could easily be formed.

1.7.. Synthesis of Derivatives of Glycos-3-yl B-Alanine: .

of the

— . - — - - —————
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Ethyl Cyanoacetate with a 3- ng§g

1.1.1. : 1.2_§L6 Dl O -1sopropy11dene—a~D -ribo-

hexofuranosfkg—ulose {14).

oxidation of the free hydroxyl group of 1,2:5,6-di-0-
‘isopropylidene-a-D-glucofuranose (261)338 was achieved by known

procedures u51ng ruthenium tetraoxide339-340, generated in situ.

The resultlng ketose hydrate (262) was dehydrated to 3-ulose 14

by azeotroping with toluene ;mmedlately prlor to use.

X 5

0 0
; OH 0 0 \
' OH 04— ° 0+—
2 14
1.1.2. Knoevenagel Condensation ~°~ of Ethyl
Cyanoacetate ° (263) - with = 1,2:5,6-Di-0_-

isopropylidene-go~D_-ribo- hexofuranosi ~3-
alose (1 4 ).. |

The conditions used by Rosenthal and "Cliff?2 in their
condensation of methyl nitroacetate with_lg were adapted for the
present study. Thus, reaction ofvthe 3-ulose 14 with a slight
molar  excess of ethyl cyanoacetate (263)  in N;N—'
dimethylformamide using ammonium acetate as the catalys£ gave,
after 2 hours at room temperature, two major new. products 4as
shown by t.l.c. on silica ‘gel. Though t.l-é.csfill, shoved
‘presence of some unreacted starting material in the reaction
mlxture, increasing the reaction time resulted in the fo:mdtion

of a con51derable number of side-products so that 2 hours was

considered the optimum reaction tlme,J
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Figure III. Partial 100 MHz PMR Spectrum of 3-C-[(R,S5)-Cyano(ethoxycarbonyl)methylene]-
3-deoxy~1,2:5,6~-di-0O-isopropylidene- a-D-allofuranose (268) in CDC13..

$9
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The =~ resulting products were partially separated by
chromatography on silica gel, affordinag the  hydroxylated
derivative 264 in 26% yield and a mixture of the dehydrated
analogue of 264, compoundlg§§,land the di-addition compound 266

in a combined yield of approximately 10%. .

X
0
! T NCCH)CO,CH,
0 0..|_ _2_6_3 !

t
DMF :

’ c
X o— CHCOL, CHCOZZ .
0 0

0
: C=CN o
OH (¢ GHCN O’F— j
CO,CHe co .
2415

| 264 265 266

‘The n.m.r. spectrun of crystalline 264 in deuterochloroforn
(Figure II) cleafly showed that addition of one molecule of
ethyl cyénoacetate to 14 had occurred, the ethyl ester signals
being visible at 65.37 and;u-26,,Moreover; addition of D20 to
the n;m.r. sample resulted in the disappearance of the hydroxyl
peak at § 4.11. The i.r. spectrum of 264 éorroborated this
structure assignment; besides the nitrile and‘ carbonyl
absorptions at 2260 and 1730 cm—1, a broad hydroxyl stretching
vibration.was seen at 3525'cm-1.'Botﬁ,the chemical analysis and
mass spectrum':of 264 were in -accord with a hydroxylated
derivative,'the latter spectrum showing the typical M*—CH3 peak

of isopropylidene sugar derivatives.341
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That compound 264 had the allo réther than the C-3.epiﬁeric
gluco configuration was . based on previous‘ work in. our
laboratory?2 in which condensation of methyi.‘nitroacetate with
the same 34ulpse 14 inthe presence of ammonium acetate gave
exciusively the allo isomer, this product arising by addition of
the anion from the less sterically hindered side of the ketcse.
‘More direct . eyideﬁéé for. the allo configuration of 264 was
obtained from its  dilute-solution i.r. spectrum in carbon
tetrathoride in thch, as Jjust mentioned, a éingle OH
absorption peak at 3525 cn—1 Was observed. Slessor and Tfacey3°2
have  shown  that the i.r. spectrum of 1,2:5,6-di—9-
isopropylidenefa—g—gluc&furanose }ggl)~ unde; these conditions
exhibits two_hydroxyl peaks at 3485 and 3622 cwm!, the former
arising from the C-3 OH that is intramolecularly bound to the C-
S oxXygen énd the latter peak arising from that fraction .of the
C-3 OH in which C-5 and C-6 are in a rotamer that cannot be
hydrogen bonded. >On thé 6ther, hand, . the dilute-solution
i.r. spectrun of the allo .analogue 267 shoved a single_ OH
absotption' at 3570 cm~?vresul£ing from intramolécdlar H~bonding
with the oxygen at C-2. |

o

0

|
‘:
|
|
Oy---0 i
i
|
j

267

The configuration at the asymmetfic centre of the C-3
‘branched-chain .of 264 ‘was not proven thdugh, by anralogy with the
reaction of methyl nitroacetate with 14, a mixture of the R and

S 1isomers would.'be expected. . This. was »indicated by the
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[ T spectrumb of 264 (Figure II) in whicﬁ.minor side—bands
were associated with most of the major peaks. .

The mixtur2 of ‘the two minor reaction products 265 and 266
had ah .n.m.r. spectrun in deuterochlotoform' that was
understandably complex but from'which.it.could ﬁevertheleés be
concluded that the products in guestion contained the elements
of ethyi cyanoacetate (263). It also seenmed reaécnable to assune
that, based on. the observed results of the Khoevenégeli
condensation Qi ethyl cyanoacetate ¥with some non-carbohydrate
ketones {see Introduction, Section. 2.3.2.), this mixture
probably. &ontained the products arising, réspeétively, by
‘dehydration of the initially formed addition ‘product 264 . and
Michael-addition of ethyl cyanoacetate to the resulting
unsaturated centre.. Since compounds 265 and 266 could be
separated neither by fractional crysFallization ROTr by
preparative t.l.c;, ,recoursé was madé 'to chemicall
>transformations to achieve separation .and'characterization of
these componenté. Thus, treatment of the mixture of 265 and 266
in methanol with sodium cyanoborohydride, avreagent known3%3 to
selectively reduce activated double-bonds, gave 3-C-[ (R,S)-
’cyanp(ethoxycarbonyl)methyiene]—3-deoxy—1,2:5,6—di—g-
'isopropylidehe4a-g—allofuraaose {268) which was now. easily
~separated by chromatography from the wunreacted 3,3-g%§;§—
cyano{ethoxycarbonyl) methyl ‘derivative 266.". Cdmpoundf 268
analyzed for a single ethyl éyanoacetate moiety, and this was
‘substantiatéd by = its n.m.r. spectrum in. deuterochlorofornm
(Figure_III)._Moreover, this spectrum showed H-3 as a conmplex

multiplet centred at 62.52, irradiation of which caused the H-2
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C02C2H5

signal at  64.76 to collapse from a multiplet to a doublet of

doublets with:a coupling constant ({J ) of 5.0 Hz. .The two

2,3
doublets presumably arise fron an approximately 1:1 mixture of R
and S disomers at the asymmetric centre of the C-3 branched-
.chain. Since it has been shown3%% that ¢trans HZ-H3 of = the.
furanose sugars have couplings of less than 0.5 Hz, .whereas cis
2—H3 have couplings of greater thaan 2.5 Hz, ;hen H-2 and H-3 of
268 must be in a cis orientation. so that 268 has the -allo
configuration. The sharpness of the doublet of the amomeric
protdn at §5.78 was taken as evidence that none of the
alfernate gluco isomer was present in.tﬁe sam?le.!

Chemical analysis ‘and n.m:r. spectroscopy of crysﬁalline
266 indicated that, as anticipated, this compouad was the gem-
di-c-alkyl derivative formed by Michael-addition of ethyl
cyanoacetate to the.double-bond of 265. Since no C-3 hydrogen.
could be seeni'in the n.m.r. spectrum of 266, it was concluded
that addition of the second molecule of ethyl cyanoacetate had
occurred at the C-3 carbon of the furanose ring of 265 rather
than at the other carbon -atom of the double-bond.

The results obtained in this Knoevenagel condemrsation: of
the ‘3-ulose 14 with. ethyl cyanoacetate {(263) are to be
contrasted with those concurrently obtained by Aii and Szarekt9l
who reacted these ¢two compounds in .benzene uéing agueous
potassium’ hydroiide as base under phase transfer conditions. In

this case, it was reported that only the unsaturated derivative

265 was obtained. The yield was 85%..
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1.1.3. cCatalytic szroqenatiog | of 3-C-[{BR,.S)-

Qxanoiethoxzcarbonzllmethylenejf112:si6~g;—

O-isopropylidene-o-D-allofuranose {264) «

" Reduction of the nitrile group of the hydroxylated
branched-chain suagar ggg was the next «crucial step in the
planned synthesis of sugar derivatives of Js-alanine. Alkyl
cyanides have been reduced by metal hydrides345, by diborane346
and by catalytic hydrogenation.,161-162 347‘343 Only the latter
method seemed compatible with, the presence of the ester
functionality of compound ggg;,éf the catalysts that have ‘been
-used for hydrogenation of nitriles, Raney nickel seemed the
least attractive since it required both high ipressures and
tembetatures.3°7 The catalytic reduction of a cyanomethyl
branched-chain sugar34¢9 using 5% rhodiuﬁ—on—alumiha3°8 has been
reported to give the corrésponding amindethyi derivative. lore
directly applicable was the utilization by ﬁeygand16l of
platinum oxide (Adam's catalyst) for hydrogenation of ethyl

cyanoacetate {263) to ethyl g-alanate (269)..

H
: 2
! NCCH2C02C2H5 ) ——)PtOZ NH2CHZCH2COZC2H5

i
- e — e I

The cétaiytic hydrogenation of nitriles?is hampered by the
formation. of intetmediaté imines (Scheme 7, Eqdation(a)) which
can .react with.the~amine«product to form dimers343 (Equation
{b)). Side reactions of this sort can be preventéd by conducting
the ‘hydrogenatibn in an ammonia-saturated sélution3‘3, in which
case the'equilibriuonf Equation (b) is reversed, or by trapping

the primary amine as it is formed, preventing its further
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H Wy T
| RCEN —29 RCH=NH —2—3 RCH,NH, C @

RCH=NH + RCH,NH, = RCH=NCH,R + NH, (b)

Scheme 7

reaction. Either mineral acid3%0 or acetic anhydride can
'accomplisﬂ the latter. '.

Thus, since coméound 264 contains both :acid-sehsitive
isopropylidene groups and a base-sensitive estei group, 1its
hydrogenation was attempted in anhydrous acetic anhydride using
platinum oxide as catalyst at a pressure of 3 atmospheres. After

10 hours at room temperature, the N-acetamido derivative 270 was

CH,NHAC P

0— 1.2
CHCO,C,H

X L
© 0
HZ‘ Ptoz
264 —F———
| - AcZO 0

OH 04—

obtained in:96% yield by chromatography on silica gel. The
presénce of peaks at 1725 and 1750 cm—! in the i.r. spectrum of
QZQ verified that there vwere two carbonyl groups in. this
compound while the n.m.r. spédtrum of 270 in-deuteroéhloroform
showed Fhe required two DZO—exchangeable protons;’the NH and OH
signais appeariné,'respectively, as a broad doublef centered at
§6.35 and a singlet-at' §5.12.  The methyl group of the N-
acetéte gav¢ rise to two singlets around 61.90, a reflection of
the prébable existence of approximately égual guantities of R
and S isomers of ‘the blocked amino acid. Additional proof of
structure of 270 came from its low resolution mass spectrum in

‘which the molecular ion peak was seen at m/e 417.
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1. 1. 4. Dehydration of - Q‘Q-L1§;§L—

Cyano(ethoxycarbonyl)methylene]-1,2:5,6-di~

Q‘iggpggexliégug-ﬁ-g-gllofur.ano se {264)..

Compound 270 is a blocked Type A branched-chain sugar, the
S—alaniné moiety being attached to a carbon bearihg a hydroxYl
_ gtqdp. The Type B branched-chain analogue of 270, that is, the
3-deoxy dérivative, Was acéessible by gatalytic reduction of the
ﬁitrile group of compound 268. However, because this comnpound
was available only from the minor product 265 obtained in an
impure state by reaction of ethyl cyanoacetate with 3-ulose 14,
dehydration of the major product.gég of this reaction.seemed'a
more viable route'to the desired Type B sugaf;,

A stereoselectivé dehydration of the C€-3 branched-chain
éugar gzi using thionyl chloride in pyridine has been reported

by Rosenthal and Shudo%® to give the unsaturated derivative 272,

0 0
soci,
! OH ——
0 pyridine 0
Ac0-C !
H-C-0Ac O-I— 0
(IZO cH COZCH3
\ 273
271 272

gggég elimination of the hydrogen and the hydroxyl group being
favOured._ This procedure was applied to 264. Thus, treatment of
the latter compound with thionyl chloride in pyridine at 00 for
3 minutes gave, before work-up, a strongly fluorescent proauct
of idgnticai R¢ on silica,éel as the dehydrated compound 265..

However, _after  work-up, the reaction. showed a 1loss of

fluorescence though its R¢ had not changed. That this product,
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7igure IV. Partial 100 MHz.PMR Spectrum of B—Ef[(R,S)—Cyano(ethoxycarbonyl)methylene]—

3—deoxy—l,2:5,6—di—gfisopropylidene—(1—Eferythro—hex—3—enofuranose (273) in C6D6'
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isoiated by chromatography on silica gel, was 3-C-[ {(8,S)-
cyago(éthoxycarbonyl)methylenej-3—deoxi—1,2;5,6—&1-9-
isogropylidene-<}gfg§1£hgg—hex-3-enofuranose (g1§) and ‘not the
. expected compound 265 was indicated-by its i.r. spectrum which
showed a non-conjugated olefinic absorption at 1698 cm—! and by
its n;ﬁ.r. spectrum in deute&dchlotoform which exhibited a
triplet‘fof H—-5 centered at . S4.72... Neither épectra showed
evidence. of a hydroiyl group. Furthermore, compoﬁnd 273 was not

reduced by sodium cyanoborohydride, as was compcund 265, and the

0]
. X ]
SOCt 0
26 —-—2) -
———  pyridine R\ \
9 0 0.8 o
H5C202C~C\C O-J{- C|HCN' o+ |
: N
1 — - C02C2H5
265 273

u.v. spectrum of‘glg in methanol, which showed maxima at 212 and
| 263 nm did not correspond to the known absorbance of a double
Bond in conjugation- with  the ethyl cyanqacetate group, the
latter system having a maximum at 228 nm. 352

Though the.gzg ratio of 273 could not be estimated from its
NeMele spectrum'in deutérochloroform, use of fpefdeuterobenzene
as fhe n.m.r.'soivent unémbiguo@sly shoved a 3:2 mixture of
isomers with H-1, - H-2 and methine proton of the ethyl
cyanoacetate moiety of each isomer clearly resolved (Figﬁre vy .,

75354) of 3,4-unsaturated

A few examples (274353 and
furanoses have been reéorted, the physical chéracteristics of
which: resemble those of compound 273. It is likely, them, that
the latter compound is +the result of an acid—-catalyzed

isomerization of the initially formed exocyclic double-bond of
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265. This would account for the change in fluorescence of the

reaction ‘product af ter Qork-up,enough‘aCid being generated by
hydfolysis of théifhionyi chloride durin§ thié procedure to
cause the rearrangement. Direct elimination of the C-3 hydroxyl
. and C-4 hydrogen .of 264 to give 273 is unlikely since these two
groups are cis to each.otherJ;:j. |

A similar acid-catalyzed' rearrangement of an exocyclic

double-bond to the B-y position was  observed in the

decarboxylation .of the cyanoacetic acid derivative 276.3356

———— o~ - S S -

CN CN '
/ / —COZ
N -— cH —= CHCN |
CO,H COM

276

1.2 Synthesis of Derivatives of Glycos-3-yl Glycine:

e i e e it s — —— ———— e e e

Condensation of 1,3-Dithiane Anion with a 3-Ulose..

1.2 1. 3.-C_-{1,3-Dithian-2-y1)-1,2:5,6-di-0_-

isopropylidene-o-D_-allofuranose (1 7.6 )..
Reaction of 2-lithio-1,3-dithiane (126) 122 with 1,2:5,6-di-
gfisopropylidene-a-g~£;gg—hexofuranosg-3-uléée' (14) 339 in
tetrahydrofuran at -780 gave the 3-C-dithianyl adduct 176 in 57%
yield. Compound 176 was idemtical to that prepared and

characterized by Paulsen and coworkers.23%6
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1.2.2. 3-C-Formyl-1,2:5,6-di-0-isopropylidene-a-D_-

allofuranose (278) - and its Semicarbazone

£272) . .

Paulsen and Stenzel357 converted +the di-0-isopropylidene

derivative 176 to the 5,6-di-Q-acetate gZZ-béfore hydrolyzing
the dithioacetal with boron trifluoride etherate, presamably to
avoid partial wunblocking of the sugar during the latter step.

Since acetate blocking groups would not vithstand the strongly

. AcO I/\%
1 AcO

1) HOAC 0

176 @ ——————

h— 2) ACZO/pyrlde‘

Basic conditions of our anticipated Bﬁcﬂeret hydantoin
synthesis139-140 0on C—3,4 hydrolysis of the dithioacetal: éas
‘attenpted on:cbmpouhd 176 directly by the method of Fétizonm and
Jurion.231vThus, a solution of 176 in .aqueous acetone'éontaining
barium carbonate and methyl iodide was heated at 550 for 12
hours. The reactiqn was monitored by t.l.c. which showed that

formation of the aldehyde (278) was acconmpanied by the



77

productioh of a substantial quéntity of polar, base-line
material.‘The:latter'was remoﬁed by aqueous work-up of . the
reaction mixture, giving the pure B;Q-formyl deri?ative 278 as a
syrup in 92% yield. The n;m.r.,of 278 in deuterochloroform
exhibited a typical low-field (& 9.85) signal for the aldehjdic
proton while the i.r. spectrum of this compound showed a strong
carbonyl absorption at 1720 cm—!, indicating that the <formyl.

group had not formed an acetal during the hydrolysis.337 Full

Mel,Bac0,

17 ——
———  ag. acetone

Acharacterization of 278 was achieved 5y its conversion to. thé
ctystalline: semicarhbazone derivative 278. Besides analyzing
properly, semicarbazone glg‘had an n.m.r.,specttﬁm in dimethyl.
sulfqiide-dG consistent with the assigned strhéture, showing
signals for foﬁr Dzo-exchangeable protons and oné‘ low-field ({6

7.12) imine proton, all as singlets. .

1.2.3., 3-C-{2,4-diketotetrahydroimidazol-5-(R_,S5 )-

y1)-1,2:5,6-3i-0_-isopropylidene-a-D_-
~allofuranose (280) |

-
—— s iy e s e —

78 was converted to the hydantoin

The 3-C-formyl sugar
{also known.as 2,4-diketotetrahydroimidazole) derivative 280 by

the method of Bucherer, as modified by 'Hoyér.!‘z Thus, a
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Figure V. Partial 100 MHz PMR Spectrum of 3-C-(2,4-Diketotetrahydroimidazol-5-(R,S8)-yl)~-1,2:5,6-
di-O-isopropylidene- o -D-allofuranose (280) in DMSO—d6.

8¢
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soiution- of 278 in methanol containing 4 ‘equivalents each of
sodium cyanide and ammenium carbenate was Stirredhfor 3'hours at
roon temperature under 3 atmospheres of carbon dioxide. The

temperaturé was then 'gradually raised to 500 and.;eaction
continued for 12 hours. After aqueous work-up, 280 was obtained
in . crude form, but wes purified by ehromatography on silica gel

and by recrystallization. .The i.r. spectrum of 280 showed the

NaCN, CO2 )

278
(NH,),COy

required twe carbonyl absorption peaks at 1700 and 1780 cm—1 as
vell as a sharp NH signal at 3800 cm—! superimposed over the
broad hydroxyl band. The n.@ar.,spectrum' of 280 in dimethyl
sulfoxide-d6 (?igure V) showed three low-field, Dzo-exchangeable

singlets, attributed to the two non-equivalent NH protons of the

hydantoin ring and the hydrexyl proton of C-3. .

2 and g_'z-ileaiLéféi-O ‘£§QEEOEILéQ§Q§‘u“

1:’2. q’ é_—

‘D _-allofuranos-3- yllglyc1ne 1281L.,

When the 3-C hydant01n sugar: der;vatlve 280 was refluxed in
concentrated aqueous barium hydroxxde solutlon for 4‘ hours,v a
n1nhydr1n—pos;t1ve matet;al was produced uhlch was purltled by
. chromatography on weakly-acidic cation exchange qesin.ﬁThat this
compound was the 3-g4glycine' branched-chain  sugar ggi was
'demenStrated by 'dcomparison to authentic eamples of  this

substance,previously prepared by Rosenthal and Cliff3ss via the
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methyl mnitroacetate route. Both.compounds exhibited identical

i.r. spectra and R 's'on.pa'er. The resence of two separate
e f p P

' NH.,
CH~C02H

Ba(OH)Z
280 ——

y o
| Ny

281

t
|
!
|
!

—_— e o ——

NeBe.I« signals for the anomeric proton.-of 281, each observed as
a4doublet; Wwas evidence that this compound was, as expected, a
mixture of +the  D- and ;—aminov acids;, since Rosenthal and
Cliff3s8 have shown that the anomeric proton of the L-isomer of
281 resonates at 1lower field than :that of the D-isomer, then
integration of these two signals revealed that compound 281.
obtained - by the hydantoin:route.was.a 2:1 mixture of the D- and
L-amino acids, respectively.;A preponderance of fg—isomer was
also - indicated .by ' the. optical rotation of 281 .in water; the
miktufe ﬁad a rptation of u3.26, a value closer'fo that of 'the
pure D-isomer (+25°) than.of the L-isomer (+89;2°’.358

A smali quantity of the g4glycine.isomer was obtained by
fractional crystallization of the syrupy 281. No other attempts
'weie made to separate the D and ; diasteromers of 281 since it
has been shown558 that their respective methyl esters are easily
separable on silica gel. Thus, in contrast ‘to the methyl
nitroacetate synthesis of 3-C-glycyl-allofuranose (281), in
vhich mainly the‘; optical isomer was obtained,3%®% the present
synthesis of 281 via the hydantoin precursor 280 makés the D-

isomer available in practical gquantities.
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2. synthetic Approaches to C-Nucleosides. .

The ‘importance of C-nucleosides, - both patural and
synthetic, .as antitumour and antibiotic agents has been.
‘described19 256 [see Introdhction, Section.u);_The synthesis of
‘aaalbgues "of these biologically active compounds has thus been
pursued in view of producing . more potent or less toxic
derivatives;?SG 260 The present work describes two approaches to
.the synthesis éf C-nucleosides. The first involves formation of
novel functionalized precursors to ' C-nucleosides by yéy of
either a Knoevenagel'condensatioﬁ.br carbanion digpladement of a
suitable group on‘an appropriately derivatized sugar. The second
nethod consists 6f a'péllédium°catalyzed condensation of a pre-
>f6rmed base with a carbohydrdte and.is an attempt to form a C-
ﬁuéléoside in one-step. No satisfactory way of directly coupling
-a base and a sugar by carbon-carbon bonds yet exists. These

approaches are described in turn.

'2.1.nA:§zg§§g§;§ of Functionalized Precursors to C-
Nucleosides. .
2. 1. 1. _Knoevenagel Condensation of Ethyl’

Cyanoacetate gith a 2,5-Anhydro-D _-allose

Reductive hydrolysis . of 2,3,5-tri-0-benzoyl-B-D-
ribofuranosyl cyanide (200)2§7 ﬁith excess Raney nickel and

~sodium hypophosphite in.  the presence of "N;N'—
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diphenylethylenedianine (2§25 gave 1,3-dipheayl;%-(2,3,5-trifg~
benzoyl-g-D-ribofuranosyl) imidazolidine (204).272 423 The 2,5-
anhydro-D-allose" ggg-‘uas then  generated in. high yield by
ireatment of the imidazolidine 204 with p-toluenesulfonic acid

monohydrate in acetone.

a P
| o A
o Bz0 0 Bz0 0 HC\N] i
) CHZNH/W Raney Ni |
! [ ) : g |
‘ CHyNHE  NaHPO, .
' 0Bz 0Bz 0Bz 0Bz ‘
‘ 200 282 204
| p-TSAH,0 |
i :
i
i Bz0 0 HC=0
|
08z OBz
203

2.1.1.2. Ethyl (E or 2)-4,7-anhydro-2-cyano-

2l3LS—trideox!-éL8‘§i‘g_‘§§QZQil‘£_‘

erythro-octon-2,4-dieneate LQ.&.Q-).; .

Reaction\ of: ethyl cyanoacetate (ggg)v with the D-allose
derivativé 203 in N,N-dimethylformamide iq' fhe presence . 6f a
catalytic amount of ammoniumbacetate gave, as the major product,
compound ;gg, isolated by chromatography on silica gel-aﬁd
furthe: purified by recrystallization.uainumber of other minor,
lover Rf7 products were formed in this ;eaction,-as shown by
‘tulic. of the mixtufe, but these were not characterized.

The i.r. spectrum of 283 verified fhe presence of an- - ethyl
cyanoacetate moiety; peaks at 1600, 1630, 1720, and 2270 cm—1

representing the ethylenic, ester carbonyl and nitrile boads
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Figure VI. Partial 100 MHz PMR Spectrum of Ethyl (E or Z)-4,7-anhydro-2-cyano-2,3,5- trideoxy-6, 8-
d1—O—benzoyl—D—ery;th—octon—Z 4-dieneate in CDCl3
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Bz0 ‘;

oMF ° =

0,C,H —_— S :

203 + NCCH,CO,CoHg NH,OAC . Y/ -VC°2C2H5 :
263 283 | ','

Were obéérvéé.'MoreoveE, no hydroxyl band was séén.in the i.r.,
so ﬁhat deﬁydration of the initially formed'addiéion product had
ob#iously occurred. | |

The n.m.r. spectrum of 283 in deutérochlorofbrm (Figure VI)
provided the first indication that the elements of benzoic acid
had been 1lost 1in the. course of the reaction. This spectrum .

~integrated for the presence of only two benzoate groups.  Because

03 to p-eliminate the

P4

of the known propensity for compound
benzoate group 'of C-3,272 the position of unsaturation in the
sugar ring of 283 was assigned at the C-4, C-5 position. This is
also the geometry affording the greatest amount of resonance
interaction. This | assignment was substantiated by the
n.m.rs spectrum of 283 {Figure VI), the two vinylic protons at
C-3. and C-5 giving rise to superimposed signals at 6 6.12. This
latter doublet collapsed to a two-proton singlet when H-6  was
irradiated.

The mass spectrum and chemical analysis of 283 provided
further_ptoof fhat elimination of a benzoate group had occurred
during the Knoevenagel  condensation with 203. There was no
indicati¥on by any of these methods of characterization that 283
contaiﬁed more than one equivalent of ethyl cyanoacetate. .

Although no attempt was made to establish whether éompound
- 283 is the g or the Z isomer about the 2,3—doublg bond, previous
studiesl185—~186 of Knoevenagel - condensations of ethyl
cyauoacetéte with non-carbohydrate aldehydes have shown that the

isomer in which the two bulkiest groups are trans is favoured. .
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It.coﬁld thus be predicted that ggg is the E isomer. .

2.7<1.3. Catalytic Hydrogenation of Ethyl {E or-

2)-4,7-anhydro-2-cyano-2,3,5-trideoxy-

: !
6,8-di-0 —benzoyl-D_-erythro-octon-2,4- \

anhydride, conditions previoﬁsly shown . to reduce a nitrile
function to the corresponding acetamido derivati?e {see Section
te 1e.3) yielded mainly the product‘in.wﬁich”both double bonds, as
well as the nitrile group, were saturated {284) .. . The‘
i;r._spectrum of 284 no longer showed the : nitrile and ethylenic
absorption:peaks seen -in the érecursor./xnstead, peaks for an
"amide carbonyl and the associated NH were obSeiyed at 1660 and
3450 cm—1 respective;y.,The n.m;r.tspectrum’of 284 (CDC13) vas
’consisteﬁti with. a completely reduced. sfstem; no low-field
vinylic‘p:otons were‘ observed and the N-acetate signal was
visible as a singlet at § 1.95. Though the nass gpecﬁrum of ggg
diéélayed the requiréd'molecular ion'peak at m/e 457, smaller
signals at wm/e 503 and 509 suggyested that partial feduction_of
the phenyl rings of the benzoate groups 6f“g§§ had also
occurred. This vas ﬁot refleéted in .the chemical -analysis of

1
i Bz0 0 CHZNHAc |
| H,. PtO, { |
: 283 2 7z CH.CH
; Ac,0 W Zéo C.H ‘
; 2 2725 '

284.

Compound 284 is a précursor to the little-known class of 2-
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Figure VII. 60 MHz PMR Spectrum of Diethyl 2,3- O—1sopropy11dene ~5-0-trityl- o —-(and g )- D ribo-
furanosyl phthalimidomalonate (287 and 288) in CDCl3

98
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deoxy-D-ribose C-nucleosides.,359-360

AP

2.1. 2. . ‘Condensation of Diethyl Scdium

Phthalimidomalonate with a Glycosyl Halide.

2. 1 2.1 2,3-0 ~Isopropylidene-5-0 —-trityl-8-

g_-rlbofuranosxl chloride {(210)..

Treatment of a solution of 2,3-0-isopropylidene-5-0-trityl-
gfribbfuraﬁgse (285)3%2  in - N,N-dimethylformamide with
-triphenylphosphine and ca;bon tetrachloride gave the
correspondlng B—glycosyl chloride _219 276 362 . Though  the
moisture sens1t1ve chloride 210 could be crystallized3%2, it was

more advantageous to utilize the .pure syrup ohtamned-after_uork—

-~ up for subsequent reactions.

">’ >

285 210 |
e j
2. 1. 2.2, Diethyl- sodium phthalimidomalonate

{6 1)
A variation:of the known procedpre12° of forming the sodium
salt of diethyl phthalimidomalonate (286) was employed for . the
 present study. Thus, to a solution.of,g§§§2° in anhydrous ether

was added one equivalent of sodium hydride.  The yellow
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precipitate which had formed after one hour of stirring was
filtered off and shown to be the sodium salt 61 by virtue of the
absence of a signal for the pg-proton: in . its ne.m.r. spéctrum,

taken in dimethyl sulfoxide—d6._

2725

@N—C{-H (8) —-—_—) ©:>—Ce Na® ;
f COLH . COLHe !
| |

2.1.2.3.  Diethyl = 2,3-0 -isopropylidene-5-0-

trityl-o-(and B8 )-D-ribofuranosyl.

~ phthalimidomalonate (2 8 7_and 2 8_8_).

Reaction of the B-glycosyl chloride 210 with an egquivalent
of dlethyl sodium phthalimidomalonate (61) in anhydrous N,N~'
dimethylformamide for 18 hours at 90 gave a wmixture of . the

anomeric chlyc051des 287 ( a) and 288 { B) in a combined yield

(COZC H5)

' wen »?3
(COZCZHS ) -

C
i jx( P O><°
' 287 288
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of U46%. The isomers were not separated. The n.m.r. spectrum of
the mixfu:e»of 287 amnd g§§' in. deuteiochlorofofml {Figure VII)
clearly showed the presence of the phthalimidomélonate moiety,
the ethyl ester signals,appééring'as a triplet anh a quartet at.

§1.20 and 4.20, reépectively,.while the phthalimido protons
resonated at §7.65. Anvapproxiately 1:1 anomeric mixture yas
aiso indicated. by the n.m.r. spectrum by thé fact that the
anomeric proton gave rise to a singlet and a doublet (J1’2 6 Hz)
at 65.10 - and 5.03, respectively. A siaglet for 3-1.15 generally
while a dbdblet with.a,coupliﬁg constant (J112 '} greater than
3.5 Hz lies within the range required for a cis rélationship of
these protons363{i.e. o, 287)..

The N.M.T. évidence for 287 . and 288 was corroborated by
high resolution‘maés spectrometry, .which exhibited .the typical
(ﬂf—CB3) peak of isopropylidene:- derivétivés.?“i Moreover, a
4g1y¢osidic C-C bond was demonstrated by the absence of an
appreciable béak. at m/e 431 {(M*-aglycon). The O¥glycosides are
‘known .to favour this fraéme.n*tation.pattern.f?ﬁ4 The i.r. spectrun
of this C-glycoside exhibited the appropriate car bonyl
absorptions at 1725 and 1755 cm—1t. . |

A simple SNZ displacement of the chloride ion of the g -
glycoside‘glg\bj the diethyl phthalimidomalonate anion . 61. would
. be expeqted to give exclusively the ¢ -anomer ggz-,ﬁcwever,.the
fact that”a mixture of the o and B8 anomers is actually formed
in this reaction suggests that the mechanism has some SPJ"
character. This is not unusual since nucleophilic displacements

of C-1 halides of b@thA pyranosyl36S and furanosyl366é sugars
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having no participating groups at C-2 have been shown:to proceed
via the ring-oxygem stabilized carbonium ion 283 to give
mixtures of the o and B isomers, the proportions of each being

dependent on- the reaction medium and the presence of added

salts,

l
®
0 0\\ :
< 7“’)( _— < \‘7 ,, X
289 i

The C-glycoside 288 may be considered 'as a blocked
derivative of B-D-ribofuranosyl glycine and, ’aé such, is a
precursor not only "of the natural formycins (1 9-191) . and
pyrazomycins (192-193) but also of potentially
chemoiherapeutically valuable analogues of these biologically
aciive C-nucleosides.1? 236 The synthesis, concurrent with the
present wofk; of a C-glycyl furanoside via condensation.  of a
1,ﬂ¥1actone 'sugar Qith ethyl isocyanoacetate (see Introduction,
Section 4.1.2., compound 216a) has been. reported289; however,
only molecules in which the amino acid and thé sugar hydroxyl
groups have a cis relationshipiére available by this roﬁtet and
SO0 cannot be  considered as precufsbrs “to tﬁe natural C-

nucleosides.

 2.1.2.4. Attempted Unblocking of 287 and 288.

van initial attempt to'deprotect the C-glycosides 287. and
288 has been aunsuccessful. Thus, treatment of a mixture of 287 .
and 288 in . THF and 1N aqueous sodium hydroxide at refliuxing

temperatures followed by acid hydrolysis (2§ HCl) of the
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blocking gréups of the‘resulting product gave triphenylcarbinol
'which crYétallized from thé reaction mixﬁhre and a ninhydrin-
positive material. The- latter substance was isolated by
chromatogr#phy of the reaction nmixture on a cation-exchange
resiﬁ.vﬁowever, AN NeMa.Ta Specfrum‘of_thev collected ninhydfin-
positive fragtioas, obtained 'in- only: 16% 'yield, did hdt
‘conclusively indicate the presence of a ribosyl moiety so that

it appears that +the C-glycyl ribqse derivative 2§2§ does not

- R L_j

COH

! . ' ')NGOH &HNH é
287 + 288
mHm

{

R

withstand the rigorous‘coaditions required for deprotection of

287 and 288. .

2.2., Synthesis -of a 5-Alkyl Uracil. Attempted One*Step

Slgthegi 'gg a Pseudouridine Derivative.

2.2.1. 5-Bromp-2,4~di-t-butoxypyrimidine {292)

Though the use of methyl groups to block the_ 2- amnd 4-
positions of 5 bromouraCLl (290) would have been more sterically
advantageons to the 1ntrodnct1qn:of-substltuents at C-5 of this
molecule, the vigorous acidic conditions reguired +to remove
these. blocking groups292 4id not.seem~attractive.‘Instéad; 290
ﬁas>prbtected with the morey easily-hydrolyzed ’tfbutyl -group."
Thus, by published procedures,367 ggg~was‘first'chlorinated at

Cc-2 and C-4 using phomﬂwrus é oxychloride, yielding ‘compound

291. Reaction-~of- 291 with sodium t-butoxide then gave in good

yield the blocked S-brombpyrimidine 292.293 ‘The mass spectrum of
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292 exhibited the appropriate molecular ion peak.

oBu!

0 Cl
: HN)%HBr POCI, N‘g\]/Br Na0Bd' NZ |Br
O)\N Cl)\\N BU‘O)\\N
‘ H
290 291 292

2.2.2.  5-{1-Propen-2-yl)uracil  {2396) via the

Grignard ~  Reagent, 2,4-Di-t-batoxy-5-

-gggggsiugggggggjrimidigg.(ZSQL.v

o

The formation of Grignard reagents from. S-halouracils has
not previously been reported. Our initial attempts to form the
V'S*bromomagnesium“compound 294 by . refluxing a tetrahydrofuran
solution of 292 containing magnesium metal were not successful..
iastead,lthe ofteg—used method of entrainment3é8 ‘was utilized,
wvherein ethylmagnésium bromide (293) vas first formed from ethyl
bromide and magnesium and which, by a presﬁmed exchaﬁge reaction .
with the adaed 5-bromopyrimidine 292, gave the desired Grignard

‘reagent, 294.

' CZHSBr CZHSMgBr

293 |
i

‘ ogu!
4203 — VU |
22+ 233 ST e

Bu 0 N
294

To‘show tﬁét ,223 ~had,‘ in. fact, been formed by fhis
) procedure,:'acetdne was added to the reaction mixturé.ﬂAfter
uqu-up; anli.r- spectrum of the érude reaction mixture showed a
prpmineni'absorption at 3650 cm—!, a first indicati@n .that the

hydtoxyl compound ~ 295 hadAformed.”Compound 295 was not further
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Figure VIII. Partial 100 MHz PMR Spectrum of 5-(l-Propen-2-yl)uracil (296) in DMSO—d6.
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characterized but was immediately unblocked with * dilute,

methanolic hydrochloric acid to give the 5-alkenyluracil 236.

v
|
t
{

h

t
0Bu EHéH . 0 ?H3
- - H C=CH
294 +cucen, — | § — N2
ERR NP L A
Bu O N N

H ) .
i
295 296 :

That 22§-had undergone deh;dratién;during the acid treatment was
obvious from the n.m.r. of the product 296 (Figure VIII). .  This
spectrum ‘greatly resembled that of a-methyl styfene369‘(ggl) in-
'tﬁat,a peak éorresponding to only one methyl group was seen.at §
i;92,,uhile the two .vinylic protons of the side—éhain vere
visible af § 501 {two doublets) .and 5.79 (doubleﬁ)- The proton
at C-6 gave rise to the expectea low-field single; {.6 7.35 ..
Although the  chemical analysis of 296 was nét entirely
satisfactory, the mass spectrum of this compound'_ was
unambiguous, 'a strong molecular. ion peak at mn/e 152 being

observed. .

Thus, formation of 2386 prﬁved that the 5-bromomagnesiun
precursor 294 had indeed been .generated by'the procedure just
described. With this in nmind, the direct coupling of the
Grignard ,reagent '225; with a blocked glycosyl halide was

attempted.

'2.2.3;'§tteggted Coupling of 2.9_4 and a Glycosyl.
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Halide {21310) Using a Palladium {II) ggﬁg;xg;
1298) . -

The‘ use . of palladium and its complexes to catalyze280a the
formation of C-C 5onds has been briefly  described (see
Introduction, Section 5)« In particular, our attention was drawn
" to - the - finding290 = . that
_iodo(phenyl)bis(tripgenylphosphine)palladium {11) (22§)35° could
serve as a catalyst in the’cross-cou?ling of ‘Giignard reégénts
and aryl halides. Thus, phenylethynylmagnesium bromide (233) and
phenYl iodide . {300) reacted in- the presence of catalyst 298 to

glve an 84% yleld of dlphenylacetylene {301)290

(Pz3)2Pd¢)I p @ !
— c=C !
pC=CMgBr © (298) .

2_9& 300 301

The mechanlsm postulated for this reaction; depicted in-

T
|
|

Scheme 8, ,1nvoked the formation .of the palladium complex 302

which,thenhreacted with phenyl iodide (300)  to form 301. and

ge=CmgBr MgBr1 _ }
209\
(P¢3)2Pd(¢)1 ¢ —~ 2 (Pg),Pdifrc=cg
298 =< T 302

2 (301) (300
© Schemed !

regenerate the catalyst 298.

An - analogous ‘reaction sequence, in which the pyrimidine
- Grignard reagent ggg‘replaces 299-and the glycosyl halide. 210
replaces. 300, was envisaged as a possible‘route to a one-step
.synthesisl of blocked pseudouridine (;Q};;, ‘Accordingly; S a
solution of the Grignard reagent 294 1in THF was added to a

refluxing solution of the ribofuranosyl = chloride 210276
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‘containing a catalytic amount of the palladium complex 238.
However, even after 12 hours refluxing of this reaction mixture, -
no cross-coupled products resembiing 303 could be discerned fron

an examination by n.m.r. of the several fluorescent Treaction

‘ NT SN
' Bu'0 I =
29 170 0
210 + 284 —#H#H—
O:xfo
303

.componenté isolated by chromatography.

A possible explanation for the féilure of this reaction may
lie " in the idinability of the. glycosyl halide 210 to biad
effectively with the catalyét-,Self—coadensatiba.ofrthe Grignard
reagent 234 could also be a factor.

This apéroach to the synthesis of C-nucleosides was
abandoned’ with the »publication by Arai and - Daves295 of a
‘related,vbut successful, palladium-catalyzed C-C coupling of " a
pyrimidiﬁe ‘ ;nd a sugar -{see Introduction, Section. 5.1.)..
Nevertheless, thé present work-has resulted in a new metﬁod of

alkyiatiug the C-5 position of uracil (e.g,AZQG).:

3. Modifications of the 2- and 6- Positions of Uridine

Using 1,3-Dithiane Anion. .

The work to be presently  discussed ' was originally
undertaken in an attempt to introduce functionalized C-C- linked
substituents at the C-2 position: of:the sugqr moiety of the

natural nucléosides.AExamples of so-modified nucleosides, either



97

naturél or synthetié, are not numerous and so, in. view of the
knoﬁn biological activities1?® of the C-3' and C-5' modified
nucleosides (€. g. .puromycin - (28) - and the pelyoxins - {29),
réspectively)- the.deﬁelopment of a practical synthetic route to
these C-2' analogues seemed‘jﬂstified.
v‘. Inspiféd by the work of Yamashita ana Rosowsky?52, who

| demonstfated that the aﬁioa. of 1,3-dithiane (126) attacked
'regioéelecfively at €~-2 of the 2,3-epoxide sugar 184 (see
iﬁtroductiéa, Section 3. 3. 3.), and, knouing ﬁhat certain
 nuc1eophilés;(é;g.Aézideﬁlzw phthalimide313) also attack at (-2
of ‘the ‘'sugar moiety of 2;2'—anhydrduridines {249) to give C-2°?
modified nucleocsides {2§1), then it seened feasonable to expect
that the dithiané' anion. 126  would 'react with  the

anhydronuclebside 249 to form 304 {Scheme 9), thereby yielding

z .

e ol
0
U
304

{
(o]
zZ

HO

Q

'k

> O
12

D

i
Scheme 9 !

J—

HO
I
OH \e 0

the desired C-2'-functionalized nucleoside.

The reacfioﬁ of 249 and 126 did not, as described in the
following section, proceed as expected, but rather yielded a
no§el mefhod_ of modifying the equally interesting and lfttle—
studied C-2 and C-6 positions of the nucleoside. This experiment
¥as subseguentiy altered, as described inuSectionu3;2- to allow

the attachment of an amino acid at C-6 of uridine, thereby
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extending our previous work {Section 1) - on. the synthesis of
glycosyl amino acids {also, .see Introduction, Section .6 for a

discussion of base-modified nucleosides).

3.1  Reaction of 1,3-Dithiane Anion with a  2,2!'-

Anhydronucleoside: Functionalization of the 2- and

6- Positions of Pyrimidine Nucleosides. .

e e e

3.1.1.  2,2'-Anhydro-1-(3-0_-acetyl-5-0-trityl-8-D-

arabinofgtanbsyllutacil {308) . .

Reaction .of 5'—g—trity1uridine.(§g§)373 witﬁiohe eguivalenf
of thiocarbonyldiimidazole {30%8) in refluxing toluene  gave, 1in-
almost quantitative yield, crystalline 2,2'-anhydro-1—(5—g—
trityl—B-gfarabinbfnranosyl)uracil,(;QZ).374 Ccmpound 307 . was
then treated wi£h acetic anhydride.infpyridine to-afford the‘B'—

O-acetyl derivative 308. The synthesis of 308 has been

HN)j . N 0 .
0 07N =\ & /\ 1o &AQ:§ ?

305 ' 307

AcZO
pyridine

. : N .
' )
o : 0 0 —<N /

reported37s though no physical constants were given.


http://Anhvdronucleosi.de

99

3.1.2. 2-Lithio-1,3-Dithiane {126).

Reaction -of 1,3-dithiane (123) in -anhydrous tetrahydrofuranu

(THF) with an equivalent of n—butyllithium in hexane at —786

under nitrogen gave the anion 126192. The anion solution was
'generally stored at -250 for 2-5 hours prior to u%e._

o Li®

s s n—Buli s

; THF '
|

2.1.3. synthesis of 2-{1,3-Dithian-2-yl)-1-{5-0 -

trityl-g-D-arabinefuranosyl) -4 (1H) -

pycinidinone - (309) - and g‘gi—ggglggg—gtg—

trityl-g-D-arabinofuranosyljuracil {310). .

When -a solution of the blocked anhydronucleoéide 308 in
anhydrous THF was added to a 5 molar excess of the anion 126 in
THF at ‘-780, two major products could be discerned by
tal.ca affet[vone hour .of reéction., Column -chromatography on
silica gel of the worked-up reaction mixture afforded the two
products 309 and 310 in yields of 15 and'30%, respectively. The
elucidation.of the structures of 392 and 310 will be discussed
in-tutn.- |

The n;m.r. spectrum of 309 in:dimethy1ASulfoxide-d6 showed,
besides £he“ higthield signals for the hydrocarbon protons of

 the dithiane moiety, two DéO—exChangeable‘protons as doublets at
§ 5«71 and 5.92. These were attributed to the ¢-2' and C-3°?
'SEcbndary hydroxyl groups, the C-3' hydroxyl éimply tesulting

from hydrolysis of the acetate group of 308 under . the basic
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.coﬁditions of théﬁreacti; -

Moreover, the proton-at the 2-position of the dithiane ring
{i.e. “S~C§—S)'-g5ve rise to a sharp singlet obsefved at & 5.46,
downfield from its usual positionvof ~ §4.3, possibly due to
its préximity to the unsaturated imine. The latter group, as
well as the olefinic bond .of 309, absorbed in the appropriate
region in the dinfrared (1635 and 1600 cm*l,irespectively);
Though a molecular ion {(M*) peak was not observed in the nmass
spectrunm of'ggg, the characteristic signal arising from cleavage
of the glycosidic carbon-nitrogen bond376 was seen at m/e 375.,
This corresponds to the loss of 2~(1,3—dithian~2-yi)~u-
. pyrimidinone, fhat is, . M¥-base, and proved that the dithiane
group was not bonded to the sugar moiety. This spectral data, as
well as the chemical transformations of 309 {described below,
Sections 3.1.4-3.1.6), established that this compound was that
arising by'attack of the.dithianyl anion. 126 at C-2 of the
anhydronucleoside ‘§Q§ with concomitant generatign of aﬁ arabino
sugar moiety. ﬁased on  the results of the action of other.
nucleophiles310-311 opn anhydronucleosides, thé formation .of the
C-2 dithianyl adduct 309 from 308 and 126 was mnot unexpected
{see Int:oduction; Section 6a2.1.) . .

The structure of the second ﬁajor product {310) obtained by

reaction. of 308 and 126 was established. by n.m.r. and
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i.T. spectroscopy. . Firstly,  the | N.M.T. of 310 in
deuterochlofoform showed, in contrast to that of 303, only one
'Dzo-exchangeable hydroxyl proton -{ & 5.50)' and, significan;lj,
disappearance of the low-field H-5 and H-6 doublets of the
pyrimidine ring, with"generaﬁionaof a two-proton nmultiplet in
the = 6 2.64-3.26 region {H-5), parfially obscured by the large
dithiane resonances. This n.m.r. spectrum was thus consistent
with a pyrimidine nucleoside in which .the 5,6-double bond was
saturated. 319 377 Horeover,'the H-1?' and H~2' resonances at §
6.25 and 5.18,_respectiﬁely, and their coupling constant of 5.0
Hz coiresponded with the wvalues obtained by Hall: and
covorkers3?7 for these protons in the only other known report of
the synthesis of - c-6 substituted 2,2anhydro-5,6-
dihydropyrimidine 'hucleosides © (see Introduction, Section .
6.2.2.3. compound 260). The i.r. specttﬁm. of 310 also showed
absorbances charaéteristic of an 0-C=N-C=0 systen,377 with peaks"
at 1702, 1595 and 1460 cm—1t. |
The formation of compouadlglg;can be rationalized {Schenme
10) by invoking a 1,4?Hicﬁael-tfpe addition ofithe dithiane
aniﬁn 126 to the unsaturated carbonyl systen of
ahhydronucleoside 308 - to give the lithium salt 311. Upon agueous
work-up, thé, enol glg-‘forms which tautomerizes to the stable
dihydro derivative 310.- ‘
| Although the S,E-double fbond .0of uridine derivatives is
known - to. be Susceptible to  such . 1,4-additions by various
nucleophiles to give the corresponding 6-substituted-5,6-dihydro
compounds,353 319-320 the behéyiour of the dithiane anion-lgé in

this respect was somewhat unexpected since this anion has been:
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' Scheme 10 ;

generally observed!?? to give only,honfconjugate 1,2-addition

products in reactions with o, p-unsaturated darbonyl systems {see
Introduction, Séction,3.1).: |

Thus, iﬁ .édditioh; to .the. modifiéatibn of' pyrimidine
nucleosides at C-2 (i;e., ggg),‘facile functionalization at C-6
of ;these‘.nucledsides »appea;ed feasible in view. of the
pdssibility of convertiné £he dithiane moiety of 319 to a formyl
gr:oup.“i2 .ﬁi£ﬁ this' in mind, the chemicél properties of
compounds 309 and glngere-studiea.“rhe results are reported in:
the following sub-sections. |

3.1.4. Desulfurization of 309 to Give 2-Hethyl-1-

{5-0-trityl-8-D-arabinofuranosyl)—4(1H) ~

pyrimidinone {(313).:

' Treatment of the C-2 dithianyl nucleoside 309  with
activated Raney nickel378 in ethanol at refluxing temperatures

- gave the 2-methyl derivative_glg.l Compound 313 had the sane
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physical characteristicsv as that prepared by Kunieda and

Wltkop311 ‘and thus prov1ded unamblguous proof of st:qcture of -

‘the Px:ec.ursor. , 309.

Raney Ni

G
o
w
hr of
o

|
i
|
Tr0 l
|
i

3.1.5. Acid Hldr01151s of 309.

~ It 'was found that the nucleoside §Q§ could be.easilyv
’degraded‘in refluxing acetic  acid vto"the cofrespoadiag free.<
-base, 2—(1;3—dithiahf2;ylj-u-pyrimidinone: {314), Obtalned in a
cfystalline state ‘by;‘addition. of etﬁanol 7tb‘ the reaction
mixtgre: (The chemical aaalysis-and»n.m.r.;épgctrum'of éliw&ere
: c§mp1ete1y consistent with the pioposed st:uc£ure._ The‘ sugar
*mﬁietyﬂ of . ggg'was prQ§enwt5 be-g—arébinose by comparison df‘Rf
values bn.papér of the.sugar;component‘éroduced by hydrolysis of

"309 with authentlc arablnose._"

{ ' : ‘

i 1
309 gov. HOA¢ /uj + Arabinose +¢ COH .
— reflux < )—k

3.1.6.. Detritylation g§'309»§g.Give 2-{1,3-Dithian-

gfyll-j-grg_-ggabingfuragosylféxiﬂ)*

- gxrlmldlnone {317) . .

Detrltylatlon of 309 to give the corresponding unblocked

Bucle051de vas hampered“vby .the extreiie acid-lability of the
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Figure IX. Partial 100 MHz PMR Spectrum of 2-(1,3-Dithian-2-yl)-1-8 -D-arabinofuranosyl-
4(1H)-pyrimidinone (317) in DMSO—d6. -

70T



105

glyc051d1c C N bond Use of dilute mineral or acetic acid even
at roon temperature con51stently Tesulted in aglycon cleavage. .
Because the presence of electroa-withdrawing groups at C-2*' and
C-3'  has been observed379 to'décrease the ease of hydrolfsis of
the élycosidic linkage in nucleosides, . ccmpound 309 was
acetylated in'acefic.anhydiide-pjridine to give the 2',3'-di-0-
acetyl—S'—g-ﬁrityl derivative 315., Having verified by
.n.m.r-,spectroscopy that 31§~ was the appropriate di-acetate,
this compound,purified by chrgmatography on siiica gel, was
allowed to stir in 80% aqueous acetic acid for 65 hours at roonm
' temperature._The::eéulting nﬂdléoside 316, alsc purified by
chromatography on silica _gel, was obtained in U45% yield,
indiéating that some  glycosidic ciéavage had occurréd;. The
‘NeM.r. spectrun vof‘§j§~iqudimethyi sulfoxide4d6, clearly showed
the presence of a Dzo—é#changeable "hydroxyl proton. with no

ev1dence of the trltyl group.

: Tr0 0 <:$
' 105 Ac,0 AcO ' HOAc
=== pyridine 65h, rt
OAc
316

Thé acetate blocking groups of 316 were then easily témoved
by ‘treatment of this compou#d with methanolic sodium methoxide
to give the conmpletely deprotected. nucleoside 317. . The
NeMe Ce spectru@ of 317 in DMSO-d6 {Figure .IX) verified that'this
was the free nuclepéide; the C-2°? énd C-3' hydroxyl groups gave.
rise to ciearly resolved déﬁblets atla 5.52 and 5.83 while the

primary hydrokyl .group‘at C-5' appeared as a triplet { §5.15)..



106

These three signals disappeared upon .the addition of DZO to the

n;m;r._sampie._'The high resolution mass spéctrum of 317 showed

the appropriate molecular ion peak .at m/e 347.0741.

| ) )
i

g <j5jLNI

q HO o !
: NaOCH '
: 31 .__._3) HO !

CH3OH !

OH ‘

k 31 ;
I

3.1.7. Attempted Hydrolysis of the Dithioacetal of

All attempts to hydrolyze the dithioacetal group of 315 to
give the corresponding 2-formyl compound resulted in cleavage of
‘the sensitive glycosidic. bond. The methods employed Were
hydrolysis using me;curic chloride-mercuric:oxide,l94 alkylative
hydrolysis with 'methyl iodide-barium carbonate?3! and use of
benzeneseleninic anhydride235,

The reason for the lébility of the glycosidic bond of -these
.C—2 substituted pyrimidine nucleosides is unclear. The mechanism
of the acidic hydrolysis of nucleosides is generally
acceéted38°'381 to involveAinitial4protonatidn of the sugar-ring
oxygén followed by formation of an unstable Schiff base {Schene
11) . Attack of the latter bj vater then leads to rupture of the
y-glycosidic‘vbond., Thué, any substituent which decreases the
ease oflﬁrotonation of the ring oxygen‘increases.thé stability
of the: glycosidic linkage38?. For instance, the presence of an.
electron-ﬁithdrawiﬁg substitpent at C-2', such as an acetate

group, ‘instead of a hydroxyl .group makes the electrons of the
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Base HC=0 ¢ HC%\

)
|
" Scheme 11 ‘

ting-oxygen less ‘available for- protonatlon with the result that

thé glycosidic bond is stabi;ized.ﬁThis was shown to be true in
the case of compound 315. Alternatively, any substituent oa . the
base or the sugar moiety of the nucleoside which .increases the
susceptibility pf the ring-ox?gen to protonation also increases
the acid-lability of the cqmpound,,The dithiane group of 309
obviously facilitates the protonationrstep, the sulfur :atoms of

the group perhaps aiding in the transfer of protons.

3.1.8. Desulfurization -of 310 to Give 2,2'-Anhydro-

5 6—-dihydro-6—-R-methyl-5?-0O-trityluridine
{318) -

Aé mentioned above (Section -3.1.3.), the n.m.t. signals of

the pyrimidine ring of the dihydro-anhydro nucleoside 310 were
largely obscured by the higﬁ%field resonanceé of the ditﬁianyl
protons. In order to obtain <clearer n,m,c._evidence of the
presence of two C-5 protons, compound 310 was desulfurized with
Raney nickel in ethanol to give the 6-methyl derivative 318. The
n.m.r. spectrum of 318, taken.in dimethyl sulfoxide—d6 {Figure
X), displayed a three-proton doublet at § 1.27 having a coupling

constant ) 0f 6.0 Hz. This signal was attributed to the

{J
6, Chy
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Figure X. Partial 100 MHz PMR Spectrum of 2,2'-Anhydro-5,6-dihydro-6-R-methyl-5'-0O-trityl-

]
Y

uridine (318) in DMSO—d6.
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methyl group while H-5 appéared as a two-proton pair of doublets
centred at 62.26 and H-6 as a one-proton multiplet at § 3.70. .

These assignments were verified by irradiating the latter signal

- T, Tt T TTmTrTrs vmmTm v Tt o "—“

o .

N
! {
0
i TrO 0 N§
Raney Ni CH '
310 —mmm™™ B

OH
31

!

[ PEENEPEP  AES

(H-6); both doublets ({H-5, CHa)a collapsed to ‘'singlets as
required. Thus, the position4of theVdithiany1 group at C-6 of

310 was firmly established.

3.1.9.. 5,.6-Dihydro-6-(s)-{1,3-dithian-2-yl)-1-8-D-

arabinofuranosyluracil (319) and 3-[(S)-1-

(1,3-dithian-2-yl) Jpropionanido—g-D_-
arabinofurano—-[ 17 ,2%:4,5 }-2-oxazolidone-
320) -

¥Yhen, 1in an attempt at detritylation, compound 310 wvas

refluxed in 80% aqueous acetic acid for 10 minutes, two
compounds, 319 and 320, were unexpéctedly produced. . These
products were separated chromatographically on a weakly' acidic

cationic exchange resin.

[ S U U - —
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Figure XI. Partial 100 MHz PMR Spectrum of 5,6-Dihydro~6-(S)-(1, 3 dithian-2-yl)-1-g D—

arabinofuranosyluracil (319) in DMSO- d6
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Ehé féstef—runnihg component, compound 318, obfained in 5%
yleld after crystalllzatlon from aqueous methanol, was shown. to
be 5,6- dlhydro-6 {S)-{1,3-dithian-2- yl}-l—B~D—
arabindfgganosyluraéil, that is, the . compound arising fron
detrityl&tion and hydrolysié of the.2,2’-anhyhro linkage of 310. .
Acidic hydrolysié of 2, 2’;anhYdronucleosides to.give nacleosides
with the arab;gg configuration is well known.383

That compound 319 did not possess an.anhydro structure was
shown by the preéencé"inzits N Me L Spectrum (DHSO—dé; Figure XI)
of one primary'hyerXYI protonﬂ?at . 5 4.85 and two secondary
hydroxyl protoas at 6 5.60 and 5.36 as well as a low-field (3¢
10.31),‘D20-exchangEable NH signal. The u.v; spectrum of 319 in
methanol  showed a maximum at 245 nm, the positiom of ébsorption
of thé dithiane ring,38° but no peaks  above this ‘value...The
'i;r. spectrum - of ‘§i§‘ no longer displayéd the characteristic
- anhydro-dihydro pat£ern:seen inxthe"preéursor. 310 but rather,
_closely. resembled that of dihydrouridiae,385 with peaks at 3400
- {CH) , 1710 (C=0), 1690 (C=0) and'1600 cm—? {C=N of tautomer)..
Moreover, the maS; spectrunm of Q}g-displayed an intense peak at
m/e 133 corresponding to the M*-base fragment. No typical
anhydronﬂcléoéide fragmentation ~:patterns #Were observed.3se
Finally,‘fhe sttuctﬁre of 319 was confirmed by <chemical means
Qhena it was treated with,1N.hydroch10ric acid for 4 hours at
600. Hydrolysis of the glycosidic bond occurred under these
conditions to yield D-arabinose, vwhich was characterized by
paper chromatography, and  the corresponding free base 5,6-
- dihydro-6-{S)-{1,3-dithian-2-yl)uracil (321). The . glycosidic

bond of 5,6-dihydropyrimidine nucleosides has been observed to.



113

be mnmuch. more sensitive to acid hydrolysis than that of the

corresponding unsaturated nucleosides.385

Compound 321 was in turn unambiguously characterized by its
conversion with Raney nickel to the known. 6-methyldihydrouracil

(322) .387° T oTTT s T T -
- i : 0 .

. i
E 2 Raney Ni HN)j '
{ : . J\N CH '

H 3 !
22 |

1. [ -—— — [

The structure of the second and major .(90%) product formed
by. acid treatment of 310, that is, compound 320, was not so
éasily deduced by spectroscopic means as was 313 and recourse
had to be made +to chemical +transformatioans ofj 320, to be
discuésed below ({Sectioms 3.1.10-3.1.14), to achievé this end. .

Neveftheless; the i;r._spectrum of 320 ° discounted the
'possibility of 'a 2,2'-anhydro 1linkage in this compound; two
éarbonYi stretching“'peaks at 1680 {amide)  and 1740  c¢cn—1
{lactone) ‘as welliés a possible amide IT peak.at 1615 cm=1 were
oﬁsefved. The pfoton—decoupled 13C-n.Mm. T~ spectrum of 320 in D20
corroboratea the i.r. evidence of the presence of two carbonyl
groups; two weak singlets at 6 177.0 and 159.8 were attributed
to carbbnYls ofAva primary amide and a carbanate -group,
respectively, baSed on . cqrrelations with +the known 13C
resonances of these gfdups in other molecules.388 The 1IH-

NeMela specffum of 320 in. dimethyl éulfoxide“d6 {Figure XII)
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' showéd a priﬁary hydroxfi-ptoton as a triplet at 6 4.70 but only
0#é'$e§0ndaty hydroiyl proton {6 5.56), both of which exchanged
| ,‘tép;dly.with DZO' together with two broad one-proton singlets at
'8‘6.86 and~7.51 which, howgver,'exchanged slowly with DZO-,These
" two _ﬁtbad peaks were -assigned to the two magﬁeticaily ROR—
’eguigaieht.protohs >Qf a primary. amide  group baséd on the

spectrai data obtained for the following derivatives prepared

from 320...

3.1.10.., ;—]15341f11L3)-Dithian—@«yl}]propionamido-

'3l;5'-g;-g—g—butyldimethylsilgl-ﬁfg-

arabinofﬁrand-Ll!LZ?:QLSJog—ovaOlidoue-

1323). |
‘TWhenw compouad ‘;gg~ wds treated‘with'two‘equivalénts of t-
, butyldimethylsilfl chloride in. N,N-dimethylformamide-pyridine
for 24 hours, the freév hydroxyl groups were selectively
silylated599 £p“que 323, the  i.r;,spectrum“of which clearly
i re%ealed amide N-H étretching vibrations, previcﬁsly buried by
the intense hydroxyl absdrptidas in the spectrum of 320, at 3420
‘and'3236 ¢m—1. These primary amide protons appeared ia the
n;m.r._spéctrum of ggélas they had in ‘that of the precursor . 320,
that‘is; as two broad, sléwlf exchangeable, low-field one-protosn .

singlets.

3. 1411, é-LiéL-l-ilné-Qithingz-YlLJCYaﬂoethYl‘E?Qf
) ,

4,5]-2-oxazolidone -

A possible\ﬁechanism.tn'accountnfor the . formation- of the
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oxazolidone 320 from the tritylated anhydronucleoside 310 is

depiéted in ‘Scheme 12. Initial acidic.cleavage of the anhydro
ring . of 310, ‘Qith. concomitant AdetritYlation, gives . the
arabinofuraaosyluracil derivative 319 - {(which was isolated).
Intramolecular attack at C-2 of~£he.dihydropyrimidine riag of
319 by the appropriately diéposed C-2* hydroxyl group then-

displaces the amide group and produces the 2-oxazolidone 320. .

| . o |
; ’ oJ:r]Tj)

Scheme 12

The - intermediacy of 319 in the fprmatioa‘of 320 was easily
demohstrated when a solution of 319 . in water or"élcohol was
allowed to 'stand for 3;u.days.,Quantitative conversion to the
oxazolidone:ggg dcéurred, aé shq#n by . n.m.r-uspectréscopy. and

t.l.c. on silica gel..

/ 319 —2° g0
! - { days X

An vélternate structure for 320 which would result from
scission .of the 3,u—bond of 313 with ‘concomitant lactonization-
is 32§”(Schéme 13)..In fact, much evidence exists that this. bond -
rather than the 2, 3-bond of dihydropyrimidines390 and

dihYdrppyrimidine nucleosides38S is cleaved under a variety of
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conditions to give B—uréidb acids. For instance,351*£réétment of
5,6-dihydrouridine  {326) with  potassium hydroxide causes

comnplete conversion to the ureidopropionic acid 327. However,

; HO 0 ,'

j HN o
i )\ NH2 j [
: 0 N 0 N

HO HO . !
0 0 '
| KOH

OH OH OH OH
i 326 327

the absence of a ureide group in.compound 320 was denmonstrated
.ia‘the following two experiments. Firstly, 320 did not give a
positive test with p-N,N-dimethylaminobenzaldehyde, a reagent
known to -reéct' selectively ‘with: ureide derivafives . of
pyrimidines and  pyrimidine nucleosides. 392 Secéndly, trea tment
of 320 with trifluoroacetic anhydride-pyridine in anhydrous
dioxane, = conditions  known  to effect in high ' yield the
dehydration“of primary amides to the corresponding nitriles,393
followed by hydrblyﬁic work-ﬁp "of the reaction mixture gave
compound 328 as a crystalline solid; the i.r.:spectrﬁm of which
clearly showed a nitfile absorption at 2260 cm—! as well as the
single carbonyl absorptionvof the _urethdne‘ structure at 1740
cm—1, .Though:the éossibility.that é ureide functionality ({(as in
ggﬁ) can also dehydrate to give the N¥cyano derivative has anot
'bgen dismissed; such cyano groups absorb in the i.r. in the 2000

cm—1 region.39%
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Tgus, the tendenéy of theréihydfopygimidiﬁéiiing of 319 to-
cleave as it doas in acidic media. is no doubt due to . the
‘presenCe of tﬂe Qi§>Cf2’ hYdrdxylugroup which can participate in.
the scission of ‘the nearby 2,3-pyrinidine bond (Scheme 12) but
not of the more distant 3,4—bond., The' necessity 6f' this «cis -
relatioﬁ between the hydroxyl group and the pyrimidine ring to
effect 2,3—o§enihg of the latter will be shown by the behaviour
of the ribo analogue of 319 under acidic conditions, described

below (see Section 3.2.4.).

3.1.12. N ~ 3-4{R)-1-Methylpropionamido-g-D-

arabinofurano-[ 1* ,2?':4,5 ]-2-oxazolidone
1329) |
In order. to simplify the .n.m.r. spectrunm of the_dithianyl
oxazolidone 320, the latter was desulfurized with Raney niékel
in - watér to give the honjfluoreséent.methyi derivative 329 as a

syrup. The n.m.r. spectrum of 329 showed the expected doublet

Afotu the methyl. group { § 1.18) while the C—-2 protons of the.

propionamide group appeared as a sharp doublet at ¢ 2.43 with a
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coupling constant (J ) of 7.0 Hz. The remaining signals of

1,2

]

the spectrum were similar to those of the starting material 320.

3.1.13. Dehydration of 3 2 9 to Give 3-{(R)-1-

Methylcyanoethzl~§—g—

arabinofuranof[l',2‘:4LSJ—gfggggQ;;gggg
! {330)- '. | ’
‘The primary amide group of 329, 1like thét of 320, was
dehydrated using trifluoroacetic anhYdride-pyridine_ﬁo yield the

‘npitrile derivative 330. The 1i.r. spectrum of 330 showed the

) | HO
i 1) (CF3C)20/ pyridine 0 \N
I 329 > CHy

2 HZO

OH

expected nitrile absorption. at 2260 cm—! and a carbonyl.
absorption at 1740 cm—1 while in the n.m.r. spectrum (DMSO?d6),‘
the. two amide protons, seen - at § 6.80 and 7.44 in the spectrnm
of §22; were no longer visible. These results are complefely
-consistent with  those obtained in the analogous transformation
. of the dithianyl compound 'gggw to 328. . In addition, the
n.m.r. data showed a 0.49 ppm downfield shift of the C-2 proton
resonance in going from the -amide @ 329 to -the more
electronegative mnitrile group of 330. This is possible only if
C—2-and the nitrile group are.adjacent so that 320 must have the
primary amide ' structure rather. than the alternative ureide

strhcture (i. e. ;ggy-,

3.1.14. Hydrogenation @
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ﬂethylacetamidogropzl—ﬁ-Q—

arabinofurano—-{1',2%:4,5 }j-2-oxazolidone

{331) .

Eecause thé identification of.the.dithianyl compound 320 as
the 2-oxazolidone rather than the ureide {325) hinged on its
coqversion to  the nitrile (328), it was deemed essential to
verify the presence of the nitrile functionality by chenical
means as well as by the previously described phfsical methods
and ihis couid easily be done by catalytic hydrogenation of the
nitrile .to the ‘amiﬁe., Moreover, having shown that the methyl
‘derivative.g_g displays chemicalr properties similar to its
precursor 320, then the former compouﬁd.wds chosen for.reductioa
studies because of its more easily interpreted n.m.r. spectrum..
Thus;'hydrogenation of 330 at 50 pes.i..in acetic.anhydride gver.
- platinum oxide for 24 hours gave 33% of the  N-acetate. 331,
>isolated.sy chrométoﬁraphy oh.silica gel {see Section 1.1.3. for

a brief discussion of nitrile reductons). The i.r. spectrum of

[
NHCCH
i
: o 0~C 2
| Hy.PLO, od N\
| 30 —4—— H
s Ac,0 3

H
331

331 showed the appropriate carbonyl absorption of the N-acetate
gfdup ‘at 1640 cm-?! as well as that of the é—oxazolidone’moiety
at 1740 cm—!'. No nitrile peak could'be‘seen._The N.M.T. Spectrun
of,igl in dimethyl sulfoxide~d6 verified the presence of .an
écetamide' group; a broad, one-proton singlet, which exchanged

slowly with D,0, was seen at § 7.88 while the acetate proton.
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signal appeared at § 1.871 as a sharp singlet. The C-2 protomns,
now adjacent to the newly-formed C-3 methylene group instead of
to the. highly electronegativé nitrile functionality, displayed
‘a@ expected up-field shift to ¢ 1.72. The proton resonanées of
the arébinofuranosé moiety of 331 were essentially identical to
those of the starting material 330. Though chemical ranalysis of
331 showed the presence of 1.5 moles of water of hydration, a
high resolution mass spectrum of the @aterialvsubstantiated the
assigned formula of C12H20N206.,Furthermore,-a base peak in the
. mass spectrum at 114.0890 arising from. the acetamidobutane.
"f;agment vas further proof that theAdihydrouracil ring of the
ahhydronucleoside 310 had cleaved at the 2,3-position-during the
acid-catalyzed detritylation .step. . .

A considerable amount {36%) of higher R¢ material Qas -also
thaihéd »f;om the chromatography .of ‘the hydrogenation products
of 330 and was idenfified by ﬂ-m.r.dspectroscopy as a mixture ofb
the 3'-0- and 5'-0O-acetates of the acetamide 331.. These two
mono-Q0-acetates could not be_separated by chromatography and no
further attempts were made to purify these compoundsfn Formation
of O-acetylated (by~pr§dths was prevented by hydrogenating a
solution of compound 330 in éthanol:aad acetic anhydride and by
shortening"the.‘reaction period. to 2 hours to give ng.as the
_solé product, thereby obviatiﬁg the use of chromatoéraphy. for

purification.

3.1.15. Attempted Formation of 2,2!'-Anhydro-5,6-

{332) -
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All attempts to detritylate the. anhydrodihydronucleoside

5%
[ Y
o

to give the unblocked derivative 332 were unsuccessful. No

NG

reaction was obsefved when, in .an attempt to remove .tﬁe trityl
group by hydrogenolysis,395 compound 319 was held under 50
p.s.i. of hydrogen for 48 hours in. the presence of palladium
catalysts. Similarly, treatment of 310 with lithium in.ligquid
ammonia resﬁlted in-recovery of starting material. Cleavage of
the -trityl group wusing either ferric chloride in methylene
chloride397 or hydrogen chloride in -anhydrous chloroform398 was
partially successful; however, the détritylation was, in -both
dases, accompanied by a large amount of decomposition and side
reacfions, making these apprdaches unviable. A supposedly mnild
"method599 of.detritylation using trifluorocacetic acid followed
by  treatment with a basic ionfexchange resin resulted in
simultaneous ‘hydrolysis of the anhydro rihg and
dihydropyrimidine ring of 310 -to give, as>uith acetic acid, the

oxazolidone 320. |
That the acid labiiity of the anhydro ring of 310 is a

function of the position of attachment of the dithianyl moiety

in the dihydro structure rather than of any assistance imparted
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by the sulfur atoms of that moiety was shown by submitting the
6—-methyl tritylated derivative 318, in which. the sulfur atoms
are absent, to the same hydrolytic conditions used on 310, that
is,‘10 minutes reflux in 80% aqueous acetic acid. Only comgpound
329 resulting from both anhydro and pyrimidine ring cleaﬁage,
was formed. This product was identical by ngm.r.(speétroscopy
and t.l.c. on silica gel to that obtained ‘by Raney nickél

desulfurization of 320..

Curiousy enough, none of the compound analogous £o the
arabino nucleoside 319, in which the dithianyl group is replaced'
by methyl, was 1isolated, imndicating a possible inhibiting
iﬂfluence by the dithianyl group 'upoﬁ. the hydrolysis of the

dihydropyrimidine ring.,
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Though the geoﬁetry at C-6 of 310 has ~not = been
" unequivocally determined by direct correlation with a compound
of known stereochemistry at.this position, it would be expected
» that, as - Paulsen23% has shown {see ,Introdnction, Section
3;3.2.), the lérge dithianyl .anion 326 would approach from . the

less  sterically hindered side of a  molecule. Since this

corresponds to thé‘ggg side of the tritylated_ anhydfonucleoside
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308 (Scheme. 14), then the 6-S isomer of 310 should result. No
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Scheme 14
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diastereomeric mixtures of compound 310 or its derivatives 318-
320, 323, 328-331 >could'be detected by n.m.r. spectroécopy or
chrématography. The  6-dithianyl"arabinonucleoside lglg had‘ a
strong positive: c.d. spectrum with a maximum at 250 am which
corresponds to the poéition of absorption of the dithianyl
group.38% This suggests that compound 319 and by ;nference its
precursor 310, are single isomers. .As added proof that only one
isomer about C-6 was formed in the reaction of 308 and 126, it
‘was found that the ' free base, 5,6-dihydro-6-dithianyluracil
(321) ‘in' which . the ohly chiral centre is at C-6, exhibited a

specific rotation of +22.79 in .pethanol.

3,1.}7.$’ §-Li§_L—l—ljtg—gighian-g-vl)]cyanoethxl-

3!',5!'-di-0-p-nitrobenzoyl-g8-D_-

arabinofurano-[ 1',2':4,5]-2-0oxazolidone
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Before attempting hydrolysis of " the dithioacetal of 320
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v(described in the next section), it was thought desirable to
block the free hydroxyl groups at the 3'- and 5'- positions, as
well as the primary amide group in .order io prevent complicating
sidé—reactions. The p-nitrobenzoate group was considered
suitablé. for this because of the crystallinity of  the
derivatives and its ease - of .temoval. under mildly basic
conditions. However, when 320 was trea;ed with . excess p-
nitfohenzoyl chloride in . pyridine at roon témperature, a single
crystalline product was formed (333) whose N.m.r. spectrun
showed the presencé of only two benzoate groups instead of the
~expected three. VNo Dzo;exchangeable.protons were observed. The
i.r. spectrum of 333 revealed that; just és in the case of the.
treatment of 320 with trifluoroaceticwanhydride énd pyridine,
dehydration of the primary amide to give the.nitfile derivative

had occurred. The characterization-. of 333 was verified by

e AN
ozN-@-c'CI pONBz0 o \

NaOCH ,

320 ——— Ny, — 328 1
pyridine ’ CH30H i
i OBz—p-NO2 {
: 333 '

removal of its p-nitrobenzoyl . groups with methanolic scdium
ﬁethoxide, generating 328, identical.in all respects with the
compound obtained directly from. 320 via the trifluoroacetic
anhydride route.

Similarly, when the methyl dgrivative .329 was p-nitro—
benzoylétéd, the blocked analogue of the nitrile compound 330
was obtained (Q;Q); as ¥as evidenced by i.r. . and
Ne M. L. SPectroscopya

Such dehydrations of primary . amides to the "corresponding
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334 i

cyano compounds using anhydrides or acyl>halides:in pycidine
‘have been well documented.%90 The mechanism 1is thought393 to
ihvolve initial téutomerization. of the amide to the hydroxy
imine . {Scheme 15); the hydroxyl group of whicﬁ is subsequently
acylated. Pyridine-catalyzed expulsion of the acyl group,
facilitated by the presencé of electronwWithdrawing.substituents

on the latter, then gives the nitrile compound.

. e —— e e - - Crm i el

0

i c-R i

0 OH R"CX O;II .

i —_— - R-c’Z 0, = o @ ‘
R.C_NHZ == R-C=NH m C\\:D.H) — R-C=N +R ﬁO pyrH

( X=halogen -0COR") ,
Scheme 15 !

when-compoundvggg was refluied for 1 hour 'in 1N sodiunm
hydroxide solution, complete hydrolysis of the nitrile group to
the primary amide occurred, théreby ‘regenerating 320. . This
compound was characterized by comparison of its spectral data
with.tﬁat previously obtained for this compound.

O T - N |

3.1.18. gxdgolysié of the  Dithioacetal of 333 t

——— s . oy e, i

Semicarbazone 336.
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. The feasibility of converting the dithianyl group of 333 to
the formyl functionality waé studied next. Though compound 333
is a greatly altered version .of the natural nucleosides, it was
hoped that 'the pyrimidiae ring of this compound could be
regenerated under the.right conditions (see Section 3.}-]8.).
Moreover, compound 333 would serve as a model system for the
dithiocacetal hydrolysis of related molecules, to be described
later (see Section-B,Z).t

Quite unexpectedly, it was discovered that 333 was
completely imert to traditional mercuric EEEE;;E;;Qercuric
oxidel94% S-S acetal hydrqusis, complete recoﬁer§N5£ starting
.material being possible (see Introduction, Section '3.2 for a
brief discussior of the methods of hydrolysis). Other reagents
such .as coppér {I1) chloride,216 N-bromosuccinimide21? and ceric
émmonium nitrate22s also gave no reaction or led. to extensive
decomposition of.starting material. Finally, though it was found
that refluxing a solution of 333 in agueous acetone and methyl
iodide231 had no effect on the dithiane group, use of agueous
dihethyl sulfoxide instead of acetone asvthe solvent 1ed to
complete alkylative hydrolysis of 333 to the aldehyde (335)

-after 3 hours at 600; The aldehyde 335, which showed a low-field

O-C\ )
0
333 ST
! #’c
HNCNH
, 0R 2
Ay 0
35 336

doublet { ¢ 9.u5, DMSO—dS) for the formyl proton, was converted

to .the semicarbazone 336 by . treatment with. semicarbazide
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hydrochloride . - and pyriding in methanol. The crysfalline
derivative {336), which analyzed correctly, had an i.r- spectrun
énd an n.m.r.vspeétrum which weras completely in accord with the
proposed‘stfucture,

. D. H. Re. Barton~has'subsequently informed us that benzene—
seleninic anhydride23s .is an  effective. reagent for the

conversion of 333 to the aldehyde 335..

3;3.]9.,Att§gg§§g Ring Closugg»gg Componnd 328. . .
It"was at first expected that treatﬁent of the cyano~2-
oxazolidone 328 'with methanoiic ammonia would result in
generation = of the 5,6-dihydro-6-dithianylarabinocytosine

derivative (337) by the nmechamism outlined in Schene 16.

f o E
-C, HO 0 B
HO 0 \N‘ﬁ 0 5
NH ‘
S —_— HO
R CHyoH -
OH oH 5
328
[}

NH
H_N)L

N
SPSiLs

: OH OH

| HO

Scheme 16

However, when 328 was so treated with ammonia in a sealed bomb
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at temperatufes.ranging from 20°- to 160°, no reaction was
observed even after 2# hours, as shown by complete recovery 6f
starting material. This beha&idur of 328 is not entirely
‘surprising binv view of the known stability of the 2-oxazolidone

ring to acids and bases. 40!

3.2. Reaction of 1,3-Dithiane Anion with Blocked 5-
Bromouridine: Synthesis = of a 6-B~Alanine

Derivative of Uridine. .

The synthesis of pyrimidine nucleosideS‘substituted at C-6
with alkyl gfoups has béen neglected for reasons discussed above
{see Introduction, Section 6.) despite the knowledge that ihe c-
5 substituted amnalogues often.display potent chemotherapeutic
properties. 298-303 The foregoing results of the reaction of 1,3-
dithiane anion {126) with the 2,2'-énhydronucleoside 308
. suggested to us a ﬁovel'and eﬁficient methodiof iﬁtroducing c-C
bonded substituents at the ﬁ-posiiion.of.pyrimiaine nucleosides
by virtue of a) the propensity of the dithiane anion to add in a
1,4=-fashion té the u,B-uﬁsaturaﬁéd carbonyl system :@ of the
pyrimidine ring, and b) the ability of the dithiane group to be
easily converted to the. versatile formyl group,192 thereby
permitting further modification of the C-6 position. .

The dithianyl-modified nucleoside analogues prepared above,
though interesting in themselves particularly3o1 in,vieQ of the
ggépigg derivatives which resulted, were not conveniently
amenable to further manipulation. The C-2 substituted nucleoside
309 displéyed an -extremely acid-labile glycosidic linkage while

the anhydrodihydro nucleoside 310  could not be detritylated
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without causing simultaneous rupture of the pyrimidine ring ({to
give 320) vhich, ‘iﬁ turn, resisted attempts at re—cyclizati&n
(see Section 3.1.19.).. The interesting 5,6-dihydro-6-
dithianylarabinouracil derivative 319, ' available only in low.
yield by the procedure described,{also displayed a tendency to
pyrimidine-ring cledvage-

Thus,A prompted by the report of Ueda and Inoue320 in which
was described the addition of cyanide 1ion to C-6 of 5-
bromouridine (see Introduction, Section 6.2,2-2.), the reaction
of theflattér nucleoside with the dithiane énioaﬂlgg was studied
in view of finding a practicai" method of synthesizing a 6-
formyluridine derivative. The results of this study are

described belov.

3.2. 1. §-Bromo—2'L3'—Q—isogrogi;idene-é:—g—

trityvluridine (340)..

Although'Uéda,32° in his study of the reaction of potassiunm
cyanide with S-bromouridine, wused a 5'-0-acetyl derivative of
the latter compoun§‘(i.e., ;§§f, it was decided that £for  our
present needs, a base-labile blocking group should.be avoided.
Thus, the known 2',3'—9—isopropylidene derivative (332)“0é of 5-
bromouridine {338) %93 was first prepafed by standard procedures
using acetoné, copper sulfate and concentrated sulfuric acid. .
Reaction of 333 with one equivalent of triphenylmethyl chloride
in. pyridine at 100¢ for 2 thrs‘04 then gave the crystalline
trityl derivative 340. Compound 340, which. analyzed «correctly
for bromine, showed the appropriate.molecular ion peak imn its

mass spectrum (m/e 606 for 81Br) while the . Ned.r. spectrum = of -
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340, 4in addition to showing the isopropy;idene and trityl group

signalé, displayed a singlet for H=6

at ¢ 7.86 (cpcly).

3.2.2. synthesis of 3,6-Dihydro-6-(R)-{1,3-dithian-

2-yl)-2*',3*-0-isopropylidene-5!-0-

trityluridine {341), 5-(S)- and 5-(R)-Bromo-

2.6-dihydro-6-(S)-{(1,3-dithian-2-yl)-2!,3°-

343) . -

Addition of a solution . of the blocked 5-brcmouridine 340 in.

anhydrous pyridine to a six-fold molar excess of 2-lithio—-1,3-

dithiane {126)192 in tetrahydrofuran
gave,- afterb a reaction period of
-dithiane addition products, 341, 342
of 37, 35, and 10%; respectively, by
silica gel. . |

The identification of these

means will be discussed first, while

chemical transformations 1s reserved

at -78°% under dry nitrcgen
24 hours at -20°, the three
-and 343, isolated in yields

“ column: chromatography on

three products by physical
their . characterization by

for subsequent sectioas.

Neither the elemental "analysis nor the mass spectrum of 341

showed presence of bromiﬁe, but simple nucleophilic displacement

of the bromide of 340 by the dithiane anion was precluded by the

7
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absence in: the N.M.C. spectrunm of = 341, taken: inm

deuterochloréform; of a low-field singlet for H-6. 1Instead, -a
two-p:otﬁn nultiplet was seen at 6 2.48-2.71, suggesting a.5,6-
dihydro structure.319 377 a sipilar n.m.r. spectrumn was obtained
for the 5,6-dihydro-6—-dithianyl nucleosidevglg._

The,fprmation of - coﬁpound 341 from . the S—btcmouridine.
derivative 340 éan be ,eiplained by assumiﬁg an initial viayl
halogen-metal exchange between 340 and the anion 126 to give the
blocked 5-lithiouridine 344 (Scheme 17). It has been shown%0s
that in  the presence of n-butyllithium, 5—$:omourécil and its
nucleosides exist in éguilibrium with their 5-1ithio
derivatives. A 1,4-Michael-type addition. at <C-6 of another
dithiane anion (which is in excess) would then give, after
quenching,  the '5,6-dihydro-6-dithianyl - species 341. The
btoporfion of 340- that 1is not consumed bj the equilibriunm
reaction ‘then goes on to give products 342 and 343 by a
straightforward conjugate addition of the dithiane anion: at C=6.,

That compounds 342 and 343 bore a diastereomeric
relationshié was initially indicated by the behaviour of these

.compounds on silica gel. #hereas the reaction mixture of 340 and
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jgg had shown, by t.iac. on .;ilica Wgél, a preponderance of
compouﬂd 343 with respect: to 342, it was found that after
chtomatography of this same reaction - mixture on silica gel,
compound "342 was now :the major product with respect fo 343. .Both
342 and 343 were shown to contain bromine by elemen£a1 analysis.
However,} though 342 analyzed properly for the formula
C3SH37N206SZBE’ the analysis of its isomer. 343 did not show a
complete mole of bromine, due, perhaps, to partial elimination .
of HBr during drying of the analytical sample 1in vacuo at
elevéted< temperature. The chemical formula of 343 was thus
éonfirmed by its high resolution mass specﬁrum which showed an
'M*-CH3 peak at 711.1027, corresponding to Cy,Hy,N,0¢5,81Br. The
peakxarisigg from the 79Br isotope was equally cbvious.

A careful study of thebn.m,r,,spectra of 342 (Figure XIII)
and 343 {Figure XIV), both taken .in deuterochloroform, permitted

the assignment of the relativé configurations of the brcmine

atom and the dithianyl group of these two compounds. For 342, H-
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5 was seen as a doublet at §5.12 with a coupling constant (JSﬁ)
of 1.5 Hz, while for ég;, H-5 was observed at slightly higher
field { 64.80) but had a significantly .larger .35’6 value of 6.0
Hz. Now, since it has been shown by independent studies that
S5¢.6—-dihydrouracil {amrd its 5,6-substituted deri?atives)-exists
mainly in a half-chair conformation4906—409 (Figure XV) . and
furthe:more,- that cis hydrogens at these positions give rise to
coupling consfants (Jae) ranging from.S.Z.to 7.23 Hz,%09-%10 jt

vas then 1nferred that 3&3 was the 5 6-cis isonmere.

Flgure XV. Half- Chalr Conformatlon of Dihydro-
pyrlmldlne Rings.

- Compound 342 nust therefore be.the 5,6-trans isomer. This
assignﬁent ‘'is also consistent with the <c¢bserved coupling
constant '(JS,é = Jé;e = 1.6 Hz) of H-5 and H-6 in this compound
since it can be assumed that the bulky bromo and dithiane
substituents adopt the éteiicélly favoured 5,6~diaxial
relat10nsh1p“07 409 go that H~-5 and H-6 are diegquatorial (Flgnre

XVI). Trans- d1equator1al 5,6- hydrogens were observed to bhave

—_— e — \"‘

" Figure XVI. The 5 »6— D1ax1al Relatlonshlp of the Dlthlanyl and ‘
Bromq»Substltuents _of. Compound 342

JSe ée 2.5 Hz in the n.m.r. spectrum .of 5-bromo-2'-deoxy-5,6-

dihydro-6-hydroxyuridine (345). %1
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The n.m.r. peak assignments of 342 and 343 were supported
v.by, decohpling experiments. The absolute configurétions of these
two cbmpounds were determined by chemical means discussed later
on (see,Section 3.2.7.)a

This ‘stereochemical assigament of 342 and 343 as the tranms
and Qig-isomefs, respectively is consistent with the observed
instability of §3§~'oﬁﬂsilica gel, in which this acidic medium
catalyzes'isbmerization to the thermodynamically more stable
} 5,6-trans species (342), Q;e§ggably.gig-enolization of the C-4

" carbonyl (Scheme 18).

— —_
OH
Br
HNT S
PN
Tr0 {:j
0
silica gel;
343 (56-cis) — = 342 (56-trans)
0 0 '
e
: l Scheme 18 >< _

It is interesting to note that; whereas the reaction of
cyanide ion -with S-bfomouridiné gavé a similar‘1,a-michaelftype
addition product whiéhﬂ spontaneously dehydrobrominated to
regenerate "the 5,6-double bond,320 no such élimination‘uas
observed in thisvcase of Michael-addition. of 1,3-dithiane to
give 342 and 343. This can be attributed to the much greater
electronegativity of the cyanide group compared to the dithiane
group with the. resulting increase in the acidity of H-6 and

conseguent ease of elimination.



137

3.2. 3. Desulfurlzatlon of 343 to Give 5,6-Dihydro-

trltylur;dlne<1§Q§L=

In order to simplify the high-field region of the
n.m.r; spectrum of the 6-dithianyl nucleoside 341, the 1latter
compound was desulfurized with Raney nickel 'in ethanol to give
the 6—-S-methyl derivative 346. The nem.r. spectrum of 346 1in
deuterochloroform‘showed the.éxpected doublet for the C-6 methyl

group at 61.36. More importantly, H~5a, H-5e and H-6 gave rise

i ] Tr0 i
}
!

5 X

to an ABX pattern -in . the spectrum, the chenical shifts and
coupling constants (JSG 5h 16..6 = Hz) of which were again

characteristic of a 6-substituted 5,6-dihydro system.319 377

-3e2el4e 5,6-Dihydro-6-(B)—(1,3- dlthlan 2—11Lur ne

(387) -

Treatment of the ‘dihydronucléoside 341 with 80% agueous

acetic acid at refluxing temperatures yielded the completely
unblocked compound 347. The n.m.r.‘spectruonf 347 (DMSQ—dB)
showed ‘the appropriate doublets for the secondary hydroxyls {§
5.02 .and 5.25) and triplet for the primary hydroxyl groﬁp'(é
ﬁ.SQ). The u.v. ,spectrum of 347 -in. methanol exhibited only a
peak due to absorption:by dithiane (245 nm); the fact that there

was no absorption in . the 260 nm region.was a further indication.
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that the pyfimidine ring was satutated-gz_2i2—§,6?position.390
There'was no evidence thatw the ribo nucleoside 341 had
undergone cleavage of the pyrimidine ring during the treatment
with acetic acid. This is to be cohtrasted' with the arabino
analogue of 341 {i.e. .compound 'ggg) which _diéplayed the
anomalous tendency to cleave at the 2,3-position under mildly
acidic conditions (see Section 3.%1.92.). This'behaviour.of the
pyrimidine ring of 319 can be related to the aséistance provided
by the nearby C-2' hydroxyl group, a sitgationunot possible in
the ribo nucleoside 347. | |
Compound 347 was assigned the 6~R configuration:on the
basis of its c.d. spectrum in methanol which showed a strongly
negative Cotton. effect with a maximum at 250nm {Ae —4.13). A
positive Cotton effect at this wavelength was pteviouély
| associated with the 5,6-dihydro-6-S-dithianyl nucleoside (gjg).
The apparent stereoselectivity of the additioh of 126 to the
pyrimidine moiety of 340 (and its 5-1lithio derivative 344) can
be fationalized by assuminé that these nuclecsides adopt the
more stable anti confoﬁmation in+which, for steric reasons, the
C-2 carbonyl group of £he‘pytimidine ring lies away frém the
plane of ‘the sﬁgar ring4t2—4s1a (Scheme.19).;§§§g attack by the
dithiane anion’klgﬁ) ;t.C-6 is thus blocked by the bulky trityl
group while exo attack, withjformation of the 6-R isomer, is
favoured. Such steri¢ controls to the direction of addition of

reagents at C-6 . of pyrimidine nucleosides by the 5'-0-trityl
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group have been observed.33°

3.2.5. Hydrolysis of 3 4.7 to Give 5,6-Dihydro-6-

{R)-{1,3-dithian~2-yl)uracil (348).

As a final. chemical  proof of structure of 4§gl, its
unblocked derivative ggz Was hydrolyzéd with 14 .hydroéhléric
acid at 80° for 4 hours.VWhite‘needles of thé free dithianyl
-base §£§ formed upon cooling of the reaction mix ture.
Recrystallization of 348 gave a compound identical by melting
point and n.m.;.dspectrOSCopy‘to 5,6-dihydro-6-(S)-{1,3—-dithian-
: nyl)uracil-(321), previously obtained by similar_ treatment of
the 6-S arabino analogue 319. Hoﬁever, as expected from the
result of the c.d. study of the intaci_ molecule 347, compound

348 had an optical rotation of opposite sign to that of the 6—§

isomer {(321). Thus 348" and 321 are enantlomers.

o

3.2.6.  5,6-Dihydro-6-(R.S)-formyl-2',3'-0 -

isopropylidene-5'-0_-trityluridine 4{3_4 9 )

——— . —

and Its Semicarbazone 3.5 0 ..

Formation of the 5,6-dihydro-6-formyl nucleoside 349 by
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alkylative hydrolysis of the dithiane moiety of 341 using methyl
iodide. and barium carbomate in agueous acetone proceeded

smoothly at 559, The 6-aldehyde

1o
=
o

was characterized as 1its
crystalline semicarbazone 350 by i.r. and nam.r. spectroscopy

and by chenmical analysis.’ . 3

Il TrQ
MeI,BcJCO3 Tro 0 0 ' 0 :}l‘
341 aq. acetone E‘E " ’
= [
> it
49 350 1

_ The possibility of isomerization of the aldehyde group of
349 about C-6 owing to the acidity of the C-6 proton and the
basic hydrolytic‘cpnditions employed “has not beeh» dismissed.
This would perhaps explaiu'the lack of resolution observed in
the signalé of ﬁhe n.m.t- spec£rum of the derived semicarbazone

338.

3.2.7. Debromination of Compounds 3_4 2 and 3_4_3

to Give 341,

Brief treatment of either the 5,6-§£gg§ compound 342 or its
5,6-cis diastereomer 343 with =2thanolic Raney nickel“ls at
refiluxing temperatures gave the. debrominated product 341,
identical by Ry {silica gely ,; Ne.M.L. Spectroscopy,  nass
spectrometry and, most importantly, opfical rotation with . that
compound obtained directly from the reaction- of 340 with the

dithiane anion -126, the configuratiomn-of which was shown above

to be R at C~-6. Thus, compounds 342 and 343 must differ only 1in
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i _32»5 —(S,G-trangi_- 343 (5,6-cis) (
i

Raney Ni

their configurations at C-5 so that 342, previously established
as the trans isomer must have the 535, 65 configurétion while 343
‘ must.be the 5R, 6S isomer. .

Although both 342 and 343 apparently underwent sone
desqlfutization during the Raney nickel treatment, as shown by
t.l.c. of the reaction mixtﬁre, these secondary products were

" .not characterized.

3.2.8. 6-Formyl—2* ,3'-0-isopropylidene~-5!-0~

trityluridine {351) and 6-Formyl-2!,3'-0-

isopropylidene-3-methyl-5'-0~trityluridine-

{353), Characterized as Their Semicarbazones

352 and 334, Respectively.

It was felt, in..view of Ueda's oiservatidn32° that 5-bromo-
'5,6—dihydro-64cyanouridine .épontaneously déhydroﬁromiﬁates to
give 6-cyanouridine, that hydrolysis of ‘the dithioacetal of 342
{or 343) to the -6-aldehyde derivative would also result in
concomitant elimination of HBr because of the increased acidity
of the C-6 proton. In. this way, the desired S,6-double bond
would be regenerated. To test this hypothesis then, ‘the g;ggé
isoﬁer: 342 wvas freated with methjl iodide and bariunm carbobate
in aqueous .acetone cohtaining 10% . aiméthyl ’suifoxide., An

n.m.r. spectrum of the crude worked-up reaction mixture showed,
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in deuterochloroform, a éinglet for the formyl proton at ¢ 9.53,
the same . position reported by Klein and Fox3!® for the formyl
proton of 2',3',5'-tri-Q-acetyl-6-formyluridine {242, R=CHO)-.

Since the samg.authors also stated that the last-named cdmpound:
was unstable, the aldehyde 351 was charaﬁte:iied as its

semicarbazone 352. The n.mer. spectrum of 352 in dimethyl

[OOSR

0 0

HN)%l HN 1

'0

' ‘ Tr0 o

| 342 (r343) M5
<’
352

Z—ﬂ—Z—Z
g X

X
%)

<

351

sﬁlféxide-d6 displayed, in addition tO‘fOur Dzo—exchaﬁgeable
p;otons {(¥8), a singlet for ﬁ—S at 85.96 (superimposed on H-1Y,
also a singlet) as well as a sharp singlet at 67.57 attributed
to the imine proton. This; in addition to the proper elemental
analysis and mass spéctrum of 352 was convincing proof thqt HBTL .
had been eliminated from 342 to give‘§§j and thence 352..

A few points about the alkylativé hydrolysis of 342 to the
aldehyde 351 deserve mention._ﬁhen the reaction iasvcoﬁducted in .
10% aqueous acetone at 559, only partial hydrolysis was observed
by tel.c. even after.seven days of reaction. 6 When 10% by volume
of DMSO was included ig. the re&ctioﬁ: mixture, complete
thioacetal hydrolysis was accomplished within four days at 559C..
However, in addition té the 6-aldehyde 351, a minor, higher Ry¢
compound was also formed. This compound was shown to be the N-3
methyiaﬁed 6-aldehyde . 353, also characterized‘ as its
semicarbazone,.§§g.,Tﬁe N.m.T. spectrum of 354 showed only three

1

Dzo-exchangeable protons but now, a three-proton singlet due to
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the N-methyl group was seen at ¢ 2.98. Also, the mass spectrun

of 354 - indicated a mass of 14 units greater than the
unmethylated derivative 352. |

Both .the rate of hydrolysis and the amount of ‘N—methylated
product 353 - and side-products increased with increasing DMSO
concentration, until, if only 10% aqueous DMSO was used as the
reaction solvent, all starting nucleoside had disappeared within
30 minuﬁes with, however, little formation of 353, as shoun by
t.l.c. on silica gel. The N-methylation of  pyrimidines and
purines with methyl iodide under basic conditions has been
‘reported.416

When the cis S-bromo-6-dithianyl dihydronucleoside 343 was
subjected to alkylative hydrolysis. with  methyl iodide, and
semicarbazones formed of the products, compounds 352 and 354
wefe isolated, identical in all respects with .the semicarbagoaes
deriveq from 342. This provided further'préof,that compounds 342

and 343 ‘are configurational isohe;s about C-5 and'C-G._A

3.2.9. b-Hydroxymethyluridine {3 5 6_}..

Sodium borohydride reduction. of the 6-aldehyde 351 in
ethanol . gave 6-hydroxymethyl-21?,3'-0-isopropylidene-5'-0-
trityluridine '(§§§)a in 72% yield from 332. The D.D.T. Spectrun
of 355 in deuterochloroform showed a  D2O—exchangeable hydroxyl
proton at 61.5&, the N-3 proton at 68.O6Aaad the 6—ﬁethy1ene

group as a singlet at §4.58. The latter changed to a' doublet
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upon'addition of Dzo, wih a geminal goupling.constant of B.Q Hz.
.The' i.r. spectrum of 355 in chloroform solution showed a sharp
N-H absorption at 3420 cm—? superimposed on a broad C-H "band.
When compound 355 was réfluxed in -80% aqueous acetic acid for 25
minutes, 6-hydroxymethyluridine - {356) - was isolated aé a clear
syruélafter purificatién;hy chromatography on Bio-Rex 70 cation

exchange resin (H* form). The n.m.r. spectrum of 356 in dimethyl

0 0
HN)ﬁl‘ HN)%H\ .
OJ\N CH,OH oJ\N CH,OH i
TrO HO !
. NCIBH4 0 HOAC 0 : ]
38 —
|
ijfo OH OH
355 396 ‘
sulfoxide~d6 was conpletely consistent with the. assigned

structure, having a total of five Dzofexchangeable protons. . The
C-6 methylene signal was observed as a broad singlet which
sharbened after D20 addition. The u.v. spectrum .of 356 in.
methanol exhibited  a ﬁaximum at 258 nm.dué to the unsatﬁrated

pyrimidine moiety.%17

3.2. 10. 6-Hydroxymethyluracil (357)..

;Although Ueda331 has reported a 'mélting. point for 5¢'-0-
acetyl—G-hydroxymethyl-Z',3f;Q—isoéropy1ideneuridine, no other
physical ’constants for 6-hydroxymethyluridine ({356) or its
_derivatives are known. Accordingly, in order to confirm the
structural assignments of 355 and 356, the latter compound was
suﬁjected to aéid hydrolysis using 1M hydrochloric acid at 90°

for 12 hours, yielding the. known 6-hydroxymethyluracil 357.4%18
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3.2.11.  Bttempted  Synthesis of 6- (2,4~

diketotetrahydroimidazol—§f1;1-214§:—g_~

isopropylidene~-5'—-0_-trityluridipne (358).

Since, as mentioned previously, our ultimate goal was to
attach a C—C linked amino acid side-chain at C-6 of uridine,
application of ‘the. Buchefe; hydantoin synthesisi42 to the
Aldehyde 351 wvwas considered a convenient route to sﬁchm a
compound. This reaction:was previously used to synthesize the 3-
C-hydantoate 280 ({see Séction- 1.2.3.) from which the 3-C-
giycylallofuranose 281 was successfully formed. However, when
the nucleoside 351 was submitted to the sane ccnditioné, thaf
is, heating at 50° for 12 hours in methanol "in the presence of
sodium‘cyaniée and ammonium carbonate under three atmospheres of
carbon dioxide, t.l.c. of the reaqtion mixture showed that‘at‘
least eight different compounds had formed in addition to
deéomposition products, the 1a£ter appearing as basefline<
mate;ial on thé plate. N¥o attempt was made. td isolate any of
.these 'pfoducts. It thus appeared that the sensitive31e g-
aldehyde 351 was not able to withstand the "strongly basic

conditions requlred for hydantOLn synth951s.

: HN
| J\ .
3 1 NCICN COZ \
R— mH)w L J :
¢ |
: 358
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3.2.12. E~-{or . Z_)-6-[{2-Carboethoxy-2-

cyagbLetgyli@ggg]-glLQifg_—;sopropylidenee

—_————L e

{3 6 0)-

Since'applicétion of the hydantoin synthesis to the 6-

aldehyde 351 failed, it was decided to attempt synthesis of a C-
6 pg—amino acid derivative by_the‘somewﬁat milder Knoevenagel
condensation of - ethyl <cyanoacetate (g§§)~ with thev 6-formyl
nucleoside 351.. The reactions of 263 with. the 3-ketose 14
(Section 1.1.2.) and the 2,5-anhydro-D-allose 203 (Section
2.1.1.2.) were used as models for the present study.
Thus,vbecause it was thought best not to attempt separation:
of the sensitive aldehydes, a solution of é mixture of 351 and
353, and ethyl cyanoacetate (ggg)u' in adhydrous N,N-
‘dimethylformamide wvas stirred for,Z hours at rocm temperature in
the presence of ‘a cataiytic-amount of ammomium acetate as base.
Two ‘productsq. 359 and 360, were - isolated by cclumn
chromatography ‘on silica gel. in,‘yieids of 38% and 10%,
respectively. The n.m.r. spectra of both these compoﬁnds in
. deuterochloroform were essentially identical, shoﬁing the ethyl
ester signals as a clean triplet (CH3)aaqd quartet.(cﬁz) around
§ 1.40 .aad‘ 4,40, respectively, as well as a 1owffiéld'(5 8;}}'
singlet for the branched-chain vinyl proton.. However, whereas
353 shouedi a broad, low-field, D,O-exchangeable signal for the
N-3 protomn {Figure XVII), no such signal. was seen. ini‘the

spectrum of 360. 1Instead, a sharp 3-proton singlet at ¢ 3.14.
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Iigure XVII. Partial 100 MHz PMR Spectrum of E-(or Z)-6-[(2-Carboethoxy-2-cyano)ethylidene]-
2',3'-0-isopropylidene-5'-0-trityluridine (359) in CDC13.

L9
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indicated that 360 was the N-3 methyl derivative. The

351 + - 35
NCCH,CO0,CHe ( 263)

{ NH,0Ac
” DMF

_ /
Tro N\ Tr0 '
r 0 CN 0 CN
+

i.r. spectrunm of AQQQ- in.- carbon tetrachloride solution
substantiated the ahéence, of the N#H group and noreover,
displayed thtee éérbonyl signals at 1745, 1725, and 1680 co—1t
which served aé proof that 360 as well as the.precutsor 353 and
its semicarbazone 354 were - N—methylatéd rather than O-
methylated.

4 The lack of multiplicity din. the sigmals of  the
n.m.r. spectra of 353 (Figuré XVII) - ana 360 was taken as
"evidence thét only one'of ﬁhe:possible E and 2 isomers had been
formed'inveach case. It has been demonstrated ({see Introdaction,.
CSection 2.3.2.1.) tbat ethyl cyanoacetate (263) generally reacts
with  aldehydes in. a stereoselective. manner to give the.
geometrical isomer in. which the +two bulkiest groups are
trans. 185—-186 jccordingly, in ‘both compounds 359 and 360, the

isomer in which the carboxyethyl and nucleoside moiety are traas

would be preferred. No attempt was made to verify this tentative



149
assignment since the next step {hydrogenation) - in the planned
synthesis of wuridinyl R2-alanine was expected to destroy this

center of geometrical isomerisn.

3.2.13. Hidrogenation of 359 to Give 6-[ (2—(R or S)~-

Carboethoxy-2—-acetamidomethyl)ethyl ]-2',3-

g_fisogropylideﬁe-ii'g-tritvlﬁridine {361)- .
No further work was done on-the N-3 methyl derivative 360.
Compound gég; however, was hydrogenated . for 20 hours at 50

p.s;i. in acetic_anhydride'using.platiuum oxide as the ca&alyst

to give the N-acetyl derivative 361. Though 361 analyzed

properly for C39H43N369, its mass spectrum showed, ia  addition
to the,mqleculér ion @eak”at n/e 597, several higher mass peaks
centered at m/ev709, indicating thaf partial reduction  of the
trityl group had occurred. . This. was confirmed by the
n.ﬁ.f;aspectrum of 361 in-deuterocﬁloroform which showed . a véry
complex pattern of high field signrals arising from the reduced
phenyl rings. However, from this spéctrum it could still be
concluded that a) the exocyclicvvinylic proton seen at 68.1vih
the n.m.re. specﬁrum of the unreduced compouad.§§2 was no lcocnger
,éresent so that the exocyclic.doﬁblepbond Wwas now saturated, b)

" the nitrile grohp was converted to the N-acetamide as shown- by
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tﬁe appearance of an additional Dzo—exchangeable NH‘signal and a
sharp singlet at - 8 1.95 and é) the pyrimidine ring of 361 was
not reduced since the C-5 pfoton Wwas observed as a sharp singlet
at 55.66.;Se1ective reduction  of unsaturated side-chains of

pyrimidine nucleosides is not uncommon.?97

o et

3.2;1u., 6-[3-Amino-2-{(R or §L—carboxjgrogyl]uriaine
(3631, |

Treatment of the biobked- nucleoside . 361 with

trifluoroaceiic acid at rooﬁ temperature gave the partialiy

unblocked derivative ;ﬁg. The n.m,r;"spéctrum of 362 in -dimethyl

sulfoxide—d6 indicated that the isopropylidene and trityl groups

of 361 had been removed, generaﬁing one primary and. two

secondary hydroxyl groups. The high-resolution mass spectrum of .

i .

1

1 ‘ HN Co.CH
R _ Jf%ﬂ~ (022"
i 07NN ~CH(H

g
| CF3CO0H 0 : CHZNH§CH3

362 did not show.a molecular ion peak; instead, the highest mass
fragment was that corresponding to the protonated base noiety
{(BH*), a typical fragmentation pattern for N-glycosides.

Reﬁoval of the base-labile blocking groups of thé-amino
.acid moiety of 362 was accomplished by refluxing a solution of
the latter compound‘in_concentrdted aqueous barium hfdroxide for
6 hours.,'T£e_ninhydrin—positive.material,so obtained {363) was

purified by chromatography on a weakly acidic cation (H*)
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exchange resin. W%hile the. n.m.r. spectrum .of 363 in .dimethyl
sulfoxide-ds no longer showed the presence of either the N~
acetate  group or the ethyl ester group and theAmasé spectrum of
363 displayed thevappropriate molecular iom peak (M*H) at m/e
346, the chemical analysis of this substance indicated the
presénce of barium salts. When a strongly—-acidic caiion exchange
resin {(Dowex $OH—X2) was used to attempt removal of the Dbarium

ions from - 363, the organic material recovered was no longer

| "o 0PN N~ ~CH,CHCOOH

Ba(OH), 0 CHyNH,
=== reflux

ninhydrin—positivetgﬁ_u”

W
(o]
L]

The c.d. spectra of nucleosides 362 and 363 in water showed
extremely weak negative Cotton .effects in. the 260 nm. region.
~ This 1is consistent with the vobservqtion that 6-substituted
pyrinpidine nucleosides in the B—configuration adopt the syn
conformation42® {see Section 3.2.4)..

ihe. B-alanyl nucleoside 363 is a structural isomer of N3-
(3fg—amino;3-carboxypropyl)uridine {364), found429 at position

47 in the extra 1loop of E. coli tRNA. Compound 364 has been

_ ! cooH o
- : N .
: CHOHCH, ﬁ E

NH2 0 N~

HO 0

synthesized by Seela and Crayeg:?§9

! H OH

T
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IV BIOLOGICAL ASSAY

In in-vivo tests, compounds 317 and 320 were found to be

inactive against Leukemia 1210.%26

Compounds 317, 319, 320, and 347 exhibited, respectively,
24, 13, 8 and 24% inhibition of L1210 cells at a concentration
" of 10-¢ M and can thus be. considered marginally active in

vitro.+27
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V.. EXPERIMENTAL .

1« General Methods. .

P.m.T. spectra were determined in chloroform-d or dimethyl
sulfokide—d6 wi#h tetrame£hylsilane as ﬁhe.Standard {set at §=0)
by using.a Varian TGO; Variah XL-100 or Bruker 270 spectrometer.
Values given for coupling'constants are first order. Carbon-13
A.MaT. spectra wereA determined in deuteriun oxide with
tetramethylsiléne as the internal standard by using a Varian
CFT-20 spectrometer. Optical rotations were measured at ambient
temberafure with .a Perkin-Elmer Model 141 autcomatic polarimeter.,
The ' c.d.  measurements were performed on a Jasco J-20 automatic
recordiné spectropolarimeter and i.:.:speétra were recorded on a
Perkin-Elmer 710 or 727B spectrometer. All melting points were
done " on a Leiti micfoscope lieating stage, Model 350, and are
corrected. Mass spectra were determined on a HMS-9 spectrometer.
Ultraviolet spectra were recorded on a Cary 15 spectrcneter..
Elemental analyses were performed .by Mr. P. ‘Borda ‘of the
Hicroauaiftical, Laboratory of the University of  British

Columbia.

2.. Chromatography

2. 1. Coiumg Chromatography

Silica gel column.chromatography was performed using silica
gel H for t.l.c. {Merck). If not stated, the ratio of material
to absorbent was approximately 1:100 and the ratio of column
length “to diameter was appfoximately' 10:1. . Columns were

pressurized above the solvent reservoir at 5-10 p.s.i. providing
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flow rates of 70-140 ml h—1t.

2.2. Thip Layer Chromatography .

All thin layer chrématographvaa§ performed wusing silica
gel {(Camag) containing 5% . calcium sulfate. Cdmpounds vere -
detected by ultraviolet absorption, by spraying with 50%
~sulfuric acid followed by heating on a hotlplate, 6: by spraying
with a 0.3% solution of niphydrin . in n-butanol followed by

warming at 110° in an oven.

3. Abbreviationse.

The abb;eviations used in the following descriptions are as
follows: ~ N.B.ra.. “{nuclear magnetic '~ resonance), u.Q._
{ultraviolet), vi.r. (infrared), m.p. (melting point), t.l.c..
{thin layer chromatography), c.d., {circular dichroism), DMF
{N,N-dimethylformamide), DMSO {dimethyl sulfoxide), THF
(tetréhydrofuran), MeOH (methaﬁol),,s' {singlet), d {doublet),

'd d (doublet of doublets), t {triplet), g {quartet)..

4. Synthesis of Glycos=-3-yl Amino}Aéids

1,2:5,6-Di-0-isopropylidene-a-D-ribo-hexofuranos-3-ulose

{14 . - To a mechanically-stirred solution of 1,2:5,6-4di-0-
isopropylidene~a-g-g;ggg—furanose338 (261, 20qg) _in_' carbon .
tetrachloride. (100 ml) and water (100 ml) cdntainingvsodium
hydrogen.cétbonate {1g) and ruthenium dioxide (hydrate, 0.29),
vas very slowly added a 5% solution of sodium metaperiodate (.
'ml every 10 min) until the characteristic yellow-green

colouration of ruthenium tetraoxide was observed. %hen the
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solution had completely reverted to the black, dioxide stage the
‘addition was repeated as above. After 1 h, the Tate .of addition=
was dincreased to 1 ml per minute and after 4 hours the solution
could be stirred with an excess of periodate present. The pH of
the mixture was maintained at greater thaﬂ 6 by the addition of
sodium hydrogen carboﬁaté.{hfter:10-20 hours: the reaction. vas
complete’ as .evidenced by t.l.c. on silica gel eluted with 95:5
dichlorometﬁane-ethyl:acetate.AExcess rutheniunr tetraoxide was
decompésed by vthe addition of isopropanol {1 ml). The reaction.
mixture .was filtered and thé.,carbon. tetrachloride layér
separated .from thé aqueous solution... The latter was then
extracted with chlbroform (10 x100  ml). The. combine@ organic
solutions were vwashed with 5% sodium thiosulfate solution {50
ml), dried over anhydrous sodiunm sulfate, filtered . and
evaporated to afford crystallinevketose.hydrate 262 (19.5 grans,
97%) « Compound 262 was recrystallized from water—-saturated ethyl
acetate and hexane; m.p. 109-110°- {1it.%19 m.p. 109-1119%).
Immediately before’gée,'the anhydrous ketose 14 was prepared by

- azeotropic distillation with toluene.

3—C~[(RLSL-Cydno(ethoxgcarboglemethxlene]—1,2:5L6—di—0-

isopropglidenefa;g4allofuranose {264). A mixture of 1,2:5,6-di~

O-isopropylidene-a-D-ribo-hexofuranos-3-ulose  (14) (6.2 g, 24
mmol), éthYl. cyanoacetate (263, 2.7 g, 24 mmol), and ammcnium
acétate {5 mg) in anhydrous DMF {100 ml) was stirred for 2 hours
at room‘temperature. The reaction:mixture was them poured into
ice-water k1 1) and extracted with chloroform (6x150 ml),,The

comnbined chloroform extracts were‘dried with magnesium sulfate
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‘and evaporated, leaving a crude syrup which was chromatographéd
on silica gel {200 g) wusing 2:1 benzene-ethyl aceﬁate as
developer. A fluorescen£ cohpound of R¢ 0.54, consisting of a
- mixture of 265 and 266 (0.9 g) was first eluted followed by
compound 264 . (R, 0.44, 875 mg,. 26%). The latter was crystallized
from ether-hexane, e Pa . 9?4990; [a]53 + B0.49- (¢ 3.4,
chloroform);vg%& 3525 (-0H), 2260 (-C=N), and 1730 cm-1
{(ester C=0); n.m.r-k(CDCl3); s 1.37 {t, BE; CH2C§3), 1.30, 5.3&,

1.50, 1.62(s, izH?4XCH§)' 4.07 {d, M, Jg, ey 1.0 Hz, OH,

exchanges in 925)} 4.57 (@, 14, J 4.0 Hz, H-2), 5-93 (4, 14,

1,2
H-1) ; mass spectrum: mn/e 356 (M*-CH3).,
Apal. Calc. for C17325N08: Cc, 54.99; H#, 6.74; N, 3.77..

~ Found: C, 54.67; H, 6.49; N, 3.64.

3,3-C-Bis[ {RS,SS,RR)-cyano {ethoxycarbonyl)methyl ]-3-deoxy-

112:516-di—O-isoprogxlidene—g;g‘allofuranose' {266) gggl 3--

g-LjR,SL-cyanoiéthokzcarboazllmethylene]—3-deox1—1¢2i5,6id;—0-

isopropylidene-o-D-allofuranose {268). — To the syrupy mixture

of 265 and 266 (600 mg) in methanol {15 ml) was added Analar
Indicatar in!HZO.to turn the solutiop yellow {pH #4.0). Sodium
. cyanoborohydride : {100 mg), dissolved in methanol, was then added
"~ at roon temperature' and the yellow. colour of -the reaction.
mixture maintained by intermittent addition of 1% HC1l in

methanol. After the reaction 'mixture was stirred for 30 min,

t.l.c. monitoring bf the product on silica using 10:1 benzene-

ethyl acetate as developer showed two non-fluorescent compounds

of R¢'s 0.15 and 0.20. The solution .was neutralized with aqueous -

~

sodium hydrogen carbonate. The agqueous fraction was extracted
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with chloroform (3%x20 ml), and the combined organic fractions
were dried with Sodium sulfate, and the sclvents evaporated
under reduced pressure. The residual syrup was chromatographed
on a colunmn-of silica gel (200. g) using 1031 benzene¥ethyl
acetate as developer, yielding 266 (268 ng) yhichA was
crystallized from ether—hexane,_m.p- 136—14093 DalleTa (CDCl3):

§1.20-1.58 {(m, 18 H, QXC§3, 2xCH C§3), 6.02 (4, 14, J12 5.0 Hz,

2
H-1).; and 268 as a solid (220 mg)'m.p.JSO-SZQ;‘[a]B3 + 79.49 (¢

1. 2, chloroform}; n.m.r.,(CDC13):.51.3O {t, 34, CH,CH.}., 1. 25,

273
1.40, 1.50, 1.55 (s, 12H, UxCHj), 2.34-2.70 ({n, 7H, H-4, H-5, H-

6, CH,CH CHCN), 4.78 ({pseudo-t, 1H, J 5.0 Hz, H-2), 5.78

37
12

’

Anal.  of 266.Calc. for C

2
{4, 14, 4

2,3
4.0 Hz, H~-1)..

22H32N209: C, 56.66: H, 6.44; N,

6.00. Found: C, 56-.58; H, 6.65: N, 5.85.

Anal. of 268.Calc. for C17H25N 0 Cc, 57.47; H, 7.04; N,

7:
3.94. Found: C, 57.18; H, 7.19; N, 3.68.

§:§:L1§L§L;Acetagidqﬁéthyl1ethoxycarbonyllmethxlenej:v

1,2:5,6-di-0-isopropylidene- o-D-allofuranose - {270). — A solution

of compound 264 (0.31 .g, 0.85 mmol) in dry acetic anhydride (6
ml) - was hydrogenated at 3 atm for 10 h in the presence of
- platinun oxide {Adam's catalyst, 20 mg),.ihe catalyst was -then
renoved by filtration, xylemne (10'm1):addéd to the filtrate, aad
the solution evaporated under reduced pressure. The residue was
chromatographed oh a column of silica gel (30 gq) using . 9:1
. benzene-ethanol as developer giving 270 as a syrup (0.34 g,
96%) ; Iu]63 + 62.6° {c 2.7, thoroform){ NefeCa . (CDC13): §1.08~-

1.58 {m, 15H, 4xCHy, CH,CHy), 1.92-1.94 (d, 3#, COCHq), 4.40 (d,

3'

|, J, Z. 3.8 Hz, H-2), 5.73 {d, 1, H-1), 6.10-6.52 {(d{broad),
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1H, NH); mass spectrumi m/e 417 (N*), 345 (M+-CH,CONHCH

3 2

di—O—isopropziidene~g;g:erythro~hex—3—egdfuranose {273). - To a

solution . of compound 264 (216 mg) in anhydrous pyridine (8 ml)
at 09 was added a solution bf freshly distilled thionyl chloride
'(0.5 ml) in  pyridine {2 ml). The reaction mixture was stirred
for 3 min at 0° and then:§oured into a .mixture of ice water-
chloroform. The chlordfOrmfiayer was draénvoff, the water layer
wvashed once with chloroform aand the combined chloroform extracts
washed once with water and dried with sodium sulfate. The
organic solvents were evaporated in vacuo, traces of pyridine
being removed by azeotropic distillation with.kylene'at reduced
pressure, léaving' a yellow . syrup (188 ng). The 1a£ter Was
chromatographed om silica gei (20 .g) - using 15:1. benzene-ethyl
acetate as developer, jielding compound 273 as'a clear syrup (60

mg, 30%); [a]gs + 110.6° (c 1.9, chloroform);vﬁi&b 2240 (-

MeOH

max 212, 263 nnm

Cc=N), 1740 {ester -C=0), 1698 cm—! (-C=C=); A

(c 0-02); n.m.r. (CDCl,)z81.26-1.62 " (m (9 lines), 15H,.QXCH3,

6.5 Hz, H-5), 5.40 (4, 2H, H-2, CHC=0), 6.02-6.12 (dd, 1H, H-1).;
NeM.Te (benzene—dS):GO.Bu—1.08 (ad, 3H, CHzcgj), 1.24-1.62 (m(6

lines), 12H, 4XCHy), 3.80-4.18 {n, 4H, H-6, cgéca3), b, 34-4.52
{t{broad), .14, H-5), 5.20 (a, 31{2 6Hz, 0.6H, R (or S) H-2),
5.30 (s, 0.6H, R {or §)'—cgc=0),~5tqo q4a, 0.4H, S (or R H#-2),
5.45 (s, O.4H, S (or R) -CHC=0), 5.57 {d, 0.6H, R {or §) H-1),
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Anal. ,Calc. for C17H23NQ7: c, 57.79; H, 6.52; W, 3.97.

Found: C, 57.69; H, 6.39; N, 4. 10..

2-Lithio-1,3-dithianel92 (126)., - To a solution of 1,3-

dithiane {123, dried by azeotropic distiliation.with benzene) in
anhydrous THF at -78° under nitrogen was added dropwise a
solution of 1.6 M n-butyllithium in hexane {1 eguivalent).phfter
completion of the addition, the mixture was stirred at —780 for
30 -min and- then stdred at -20° for 3fu.h.prior to use in. other

‘reactions.

3-C—11l3—Dithian~2—ylL—1Lg:5L6~di-Ofisogtopylidene—g¥9~_

allofuranose (176). -A solution of the ketose 14 {4.95 g) .in THF
{50 ml) was added at —-78° under nitrogen to a”solutibasdf the
dithiane anion 126 {2.64 g) in THF (40 ml). After 2.5 h at ~20°,‘
the reaction mixture was quenched with water {200 ml) and the
solution was extracted Qi£h chloroform'(3x200 ml).yThé cbmbined
organic .extracts were driéd with sodium sulfate ahnd evaéorated
leaving a crude syrup {5.8 é)‘, Unreacted 1,3-dithiane was
removed‘by sublimation and the . residue was crystallized  from
ether-hexane .yielding colourless crystals of 176 (3.8 g, 57%);
D.P. 96-97° [lit.236 p.p. .97°); n.m.r. {60 MHZ, CDCl,) : § 5.82

(d, 14, H-1), {lit.236 § 5.98, d, H=1)..

3-C-Formyl:1L2:§L6~di~0—isggggngidene?a—B—allofuranosg

(2. 7.8 ) and i§§ semicarbazone 2_7_9-. =~A mnixture of ‘the
ditﬁianyl compound 176 (40 mg), methyl iodide (1 ml), and barium
carbonate (60 mg) in 10% aqueous acetone (10 ml) was held at 55°

for 12 h after which it was cooled and filtered to remove the
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barium salts. The filtrate was evaporated under reduced
pressure. The resulting solid was then dissolved in chloroform:
{30 ml) qnd washed with water . (5 ml).hAfter the chloroform layer
was dried w;th sddium  sulfate, the solvent uaé evaporated to
yield a crude syrup {28 mg, 92%) identified as the aldehyde 278;
'vgﬁﬁh 3400 (OH), 1720 cm—1 (C=0); n.m.;.g(1oo ez, CDCly)z ¢
'9.86 {s, 1H, HC=0). Without further purification, 278 das
dissolved in methanol (2 ml) and pyridine (0.5 al) following
which semicarbazide hydrochloride (0.5 ml of a 2M agueous
‘ solution) was added to the solution. The mixture was'heated'onna
steam-bath for 5 min, diluted with water (20 -ml) and extracted
‘with ethyl acetate (3x15 ml); The cohbined organic extracts Wwere
then  dried with sodium‘vsulfate, evapofated in vacuo and the
residue chromatographed on a column:of silica ge1 (2O g)}‘using.
9:1. benzéne-ethyl acetate as the developer, yielding a'major'
component {279) as a solid (15 mg, 42%) which was crystallized
from- benzene-ethanol; m.p. 227-2280;- [a]BB -+78,3°-»(g'0.8u,

methanol) ; n.m.r. (100 MHz, DMSO-d § 1.28, 1.32, 1.49 (s,

6) *

J5, 6a
3.86 (ad, 1H, Jgep 5.0 Hz, H-6b), 4.02-4.16 (n, 2H, H-4, H-5),
4.63 (4, 14, J1'2 4.0 Hz, H-2), 5.58 (s, 1H, OH, exchangeable
with Dzo); 5383 {d, 1H, H-1), 6.40 {(broad s; 28, NHZ,
exchangeable’ with D,0), 7.12 {s, 1H, CH=N), 10.04 (broad s, 1H,
NH, exchangeable with 920).,

Found: C, 48.73; H, 6.67; N, 11.92.

e v it s s B .t s T el s e e i e e e et Sl e B s T el D S P S

isopIOpylidene-a—Qoallofuranggg~ {280). . -A mixture of the
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aldehyde gzg'(o.67 g), freshly-recrystallized ammonium carbonate
(1.11 g) ané sodium‘cyaniae (0;53 g)'in methanol (30 ml) - was
stirred under 3 atmospheres of carbon-dioxide for 3 h at 20° and
then for 18 h at ©55°. The reaction mixture was then cooled,
filtered.aad‘the filtrate was evaporated under reduced pressuree.
The residﬁal solid was tﬁen=dissolved in wvater (20 ml) and the
solution ‘was.acidifigd to §H 6.5 by addition of 3N hydrochloric
: acid.,Extractidn of the aqueous solution with ethyi ‘acetate.
{3x20 mnl), drying of the combined organic extracts with sodiunm
sulfate and evaporatioh,of the solvents left a crude solid which
was chromatographed on siiica gel (30 g) using 9: 1 benzene-ethyl
acetate as thé developer. The éomponent'of Ry 0.06 . (280) .was
thus isolated as a 501id (440 ng, 53%) which was crystallized
from bhenzene-ethanol, 'm.p.- 282-2830; {a}53 +29.0° - (¢ 0.7,
methanol) ; Qgﬁg% 3400 (broad, OH, NH), 1780 (C=0), 1700 cm-!
{C=0); n.m.r., {100 MHZ, DMSO-d6) : 8 1.28,-1.32, 1.50 (s, 124,
4xCHy), 3.80-4.10 (m, 2H, H-6), 4.20-4.34 {m, 2H, H-4, B-5),
»0.26 (s;‘iﬁ, B-1', sharpens upon.addition of D,0), 4.44 (d, 1H,
99,2

3.5 Hz, H-2), 5.66 (4, 1H, H-1), 7.60, 7.86, 8.16 (broad s,
34, OH, NH, all exchangeable‘with.DZO)., |

Anal. Calc. for c, 50.28; H, 6.15; ¥, 7-.82..

C15H32%2%"
Found: C, 50.73; H, 6.23; N, 8.07.,

D- and E—z-(1,gi§L6-Di-O—isogropylidene-a—g:gllofuranos—é:

ylyglycine (2 8 1 ). —A suspension of the hydantoate 280 (47 mg)

in. saturated aqueous barium hydroxide (6 ml) was refluxed at
125° for 4 h. Ammonium carbonate {1 g) was added in portions and
‘the solution was refluxed for another 30 min. The barium. salts

were then removed by filtration, the filtrate was concentrated
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under reduced pressure and applied to a column {31x2.25 cm) of
Bio-Rex 70 {H*) ~cation exchange resin. Elution with water and
collection-of the ninhydrin positive fractions yielded 281 as é'
hard glass (32 mg, 74%); [q363 +43.29 {¢c 2.13, water), (lit.3ss
[a]BS of L-isomer: +89.2° (water); D-isomer +25° - {water)); Rg

0.65 {(Whatman #1 paper, 10:4:3 ethyl acetate-pyridine-water,

KBr

nlnhydrln.detectlon);vnmx

3400 (OH, NHZ), 1725 (C=0), 1600 cm-_1

(NH.) ; R.m.r., (100 MHz, 3201:61.u2, 1.48, 1.60 (s, 12H, U4xCH,),

2)
5.88 (d, 2/3 H, 3, , 3-5 Az, H-1 of D-isomer), 5.93 (d, 1/3 &,
31'2 3.5 Hz, H-1 .of L-isomer) ({lit.3%8 § 6.07 (H-1 of D-isomer),
76;08 (H-1 of'é—isomer), J1‘2 3.5 Hz for L and D) ; mass spectrun:
n/e 318 (M+¥CH3), 260 (M*-glycine). .
' Anal. calc. for Cy,HyqN0geH 0 C, 47.86: H, 7.12: N, 3.99.
Foundz: C, 48.13; H, 7.4C; N, 4.11..

CrystalliiationA of 281 from ethanol-ethyl acetate gave.a
small quantity of the gfglycine isomer (2 mg), m.p. 192~1930°

(1it.35% p.p. 189-191).

5. . Synthesis of Precursors to C-Nuclegsides. .

2,5-Aphydro-3,4,6-tri-0-benzoyl-p-allose 203). . - A

¢

solution of pftolgenesulfonic, acid monohydraté {0.92 g) in
acetone (25 ml) was added dropwise . to an ice-cooled solution.of
1,3-diphenyl-2-(2,3,5-tri-0-benzoyl-6-D-

ribofuranosyljimidazolidin9272"23 {204, 1.5 g) 1in methylene
chloride (75.ml); After 5 min at room temperature, the reaction
mixture. was gradually allowed tqvéome to réom temperatﬁre'vand
- was stirred for another 30 min. Tel.C. {2:1 ether-hexane) of the

product  at this time showed complete reacticn. The mixture was
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then . filtered, +the precipitate was washed -with  methylene
~chloride and the combined filtrates  were evaporated uﬁder
reduced pressure at a temperature nbt exceeding 30°. The residue
was dissolved in methylene chloride (100 ml), washed with water
(3x20 mi), and the organic 1ayeé was dried with magnesiunm
sulfate. Evaporation of the solvents left 203 as a syrup ({1.02
g, 96%); a,m.r.,(éO‘Mﬁz,ACDC13):.6 9.72 (@, approx 1H, 31‘2 1.5

J

Az, B-C=0), (lit.272z §9.77, J, , 1.5 Hz).

Ethyl {(E or Z)-4,7-anphydro-2-cyvano-2,3,5-trideoxy-6,8-di-0~

benzoyl-erythro-octon-2,4-dieneate | {283).. - A. mixture of 2,5-
| S R |
anhydro—3,a,6—tri—g~benzoy1-gfallose (203, 1.02‘9, 2-.15 mmol),

ethyl cyanoacetate (263, 250 mg, 2.2 mmol) and.ammonium acetate
{30 mq) .in anhydrous DMF (20 ml) :was stirred-at 0° for 6 h.
After £hé reactioﬁ mixture was poured into ice-water ({100 ml),
the mixturé' was ex;ractea with chloroform {3x50 ml).._  The
combined organic extracts were dried with: @ sodiunm sulfate‘ and
evaporatéd undét reduced pressnre. The resulting crude syrup
(1-35 9) was chromatographed onfa silica gel ‘column {130 g)
‘.usiﬁg 1021 beﬂzeae-ethyl acetate as devéloper.{Compognd 283 (300
mg, -31%) was crys£allized from ether, m.p./12Q—127°; [uJB3
CHCI

+244.4° (c O.?,‘chloroform);\”nax3 2270 {C=N), 1720 (ester

c=0), 1630 and 1600 cm—1 (c=c;;ﬂn.m.r.¢(cnc13):a 1..38 (t, 3H,

ca2c§3),-u.3o {q, 2H, CH,CHj), 4.60-4.75 (d, 2H, H-8), 5.04 (m,

14, &B-7), 6.12 (2s, 2H, H-3, H-5); mass spectrum: m/e 325 {N+-
‘ {M+=20C .

C H COOH) , 204 (M*+-2C,H COOH) .

Apal. Calc. for C25821N07: c, 67.11; H, 4.70; N, 3.13.

Found:s C, 66.83: H, 4.78; N, 3.07. .
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Ethyl 3L7~anhzdro—2-1RLS)*aCetamidomethyl—@LB-di—o-benzoylg

'
'
8

213,S—triae051:g:j§;§1;g:g;yduo Fg—octonate {284). - A solution .
of compound 283 (710 mg,‘1.6 mmol) ip dry acetic anhydride (30
nl) was-'hydrogenated over platinum oxide (140 mg) at '3 atm.for
20 h at room temperature. The catalyst was removed by filtration
and the filtrate eVaporated at reduced pressure to yield-ana‘oil
which _Qas chromatographed on a silica gel column (130 g) using
' 9:1 benzene-ethanol as déveloperJ The product having Re¢ 0.25
{284) was isolated as a syrup (250 ng, 31%);.[a]65 +2.3° {c 0.4,

chloroform) ; yCHCl3
? ¥ Vmax

1720 (ester C=0), 1660 {(amide C=O);,p.m.t.

2 3)'
6.10- (d({broad), 1H, ©NH), . 7.39-8.06 {m, 10, ,ZXC6H5); mnass

{cocly) : § 1.14-1.37 (q, 3H, CH.CH 1.95 (s, 3H, Ac), 5.45-
spectrum: m/e U497 (M%), 375 (M*-C6H5CGOH); also seen in the mass
spectrum were peaks at m/e 503 -and 509 indicating'safuration. of
one and two phenyl rings of 284.

Anal. Calc. for C27H31N08: C, 65.19; H, 6.24; N, 2.82.

Found: C, 65.27; H, 6.303; N, 2.60.

2,3-0-Isopropylidene=5-0-trityl-g-D-ribofuranosyl chloride

{210). - A solution-of 2,Bfoisopropylidene—S-g-trityl—g—ribo—
furanose3s2 (285, 13-§ g) in anhydrogs N,N—dimethylfqrmamide (26
ml) was treated with carépn, tetracﬁloride {15 g) and
triphenylphoéphine {7 qg) fér 14 h at room temperature. The
solution was then poured into a. rapidlf stirring mixture of -
diethyl  ether b(SO ml),'ﬁexane {50 ml) and ice-water {100 ml).:
The suspension was quickly filtered Athrough,_a Celite pad to-
_remove insolﬁble triphenylphosphine oxide and the aguecus layer
was separated. The organic layer was dried over sodium.:sulfate

and evaporated in vacuo to give a clear syrup. Addition of
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benzene to the'syrup precipitated residual triphenylphosphihe
oxide which was removed by filtrétion._ﬁexane was then added to
the filtrate. until cloudiness was observéd whereupon
érystallization commeﬁced, .fiﬁally yielding the glycosyl.
chloride 210 (5.6 g, 40%).in=tw§ crops{»m.p.,113—116°, {lit.3%2
D.pP., 1714-1159)3 n,m.f._ {60 MHi, CDC13): 8 6.08 {s, 1, H-1).,
(lit.3§2 § 6.10, s, H-1) . The chloride 210 was geaerélly used in .
its syrup form rather thén its crystalline form 1inm subsequent

'reactions in order to avoid losses due to deccomposition. .

diethyl phthalimidomalonate“zo (286, 15 g) in  anhydrous’ diethyl 3
ether ;(50 ml) was added slowly under aitrogen to a rapidlj
stirring suspension of sodium hydride (2.4 g of a 50% dispersion
in .0il) in:diethyl ether {200 ml). After one hour, .the‘ yeilou
precipitate ‘of 61 which had formed was collected byAfiltration,'
washed copiously Qith.dry ether, and stored im a desiccator
{13.5 g, 84%); ne.m.r. (60 Az, DHS0-d¢):60.80 (t, 6H, CEZC§3),

3.65 {g, u4H, CH cagy, 7-60 (s, 4H, Ar).

2

Diethyl 2.3-0-isopropylidene-5-0-trityl-o-{and B8 L=D=

ribofuranosyl Ehthalimidomalonate {287 and 288, respectively). -

A solution: of the glycosyl chloride 210 (0.62 g) and diethyl
sodium phthalimidomalonate (61, O.44 . g) in aﬁhydrous N,N-
dimethylformamide ({100 ml) was maintained at 90° for 5 h under
an atmospﬁere’of dry nitrogen. The reaction mixture was cooled,
poured 1into rapidly—stirring"icefuater'(100 ml) and the water
was extracted with. chloroform {3x100° =ml). The combined

chloroform extracts vwere dried with magnesium sulfate, the
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soivents were evaporated under reduced pressure, and the residue
was chromatographed on silica gel (130 g) wusing 10:1 benzene-
ethyl acetate as the‘developet, yielding a 1:1 mixture of 287
and g§§'as é white foam {(0.45 g, U46%) ; [6]53 +12.5% - (¢ 0.9,

chlorofoim):vCHC%

Vmax 1755 (ester), 3725 cn—1 (amide);.u-m.r.,(ﬁo

MHz, cnc13):81.21 (t, 6H, CH,CH.), 1.29, 1.37 (s, 6H, 2x0CH,) ,
3.10 (m, 2H, H-5'), 3.80-4.60 {(m, TH, H-2', H=3', H-4', CH,CHq),
5.03 (4, approx. 0.5 H, J 2," 3.5 Hz, H-1' of a -anomer), 5.08
(s, approx. 0.5 H, H-1' of B-anomer), 6.90-7.40 {m, 15H,
trityl}; 7.60 {(m, UuUH, phthalyl); mass spectrum: 705.254 (MH¥-
CHj) . .C, Hy0,0N reguires 705.257€”' | |

Agglz_palc.,for_C42H41NO1O; ¢, 70.10; H, 5.70; N, 1.95..
Found: C, 70.27; H, 5.84; N, 1.78..

Attempted gnblocking'gg 287 and 288. - A mixture of 287 and

e i ——

288 . (424 mg) in hethanol {10 ml) containing 1N agueous sodium
hydroxide (1lm1)-was refluxed for 3 h. The reaction mixture was
cooled, 2N hydrochloric acid (2 ml) was adaed and the solution
vas refluxed for another 4 h. Cooling of -this reaction mixture
;esulted in the précipitation of triphenylcarbinol {15 mg) which.
was coliected by filtration, mep.. 155-159°%, (lit.?25 p.p..
164.29); n.m.r. {100 HHz, MeOH-d,): 67.80-8.12 (m, Ar). The
filtraté‘ waé neutrélized with 1IN sodium :hydroxide apd
concentrated under ~"reduced pressure. The residue was then
chromatographed on a cblumn-of Bio-Rex 70 (H*) resin (3bx2.?5
cm) using water as the developer. vThe ninhydrin-positive
frdciioné were collected and evaporated. An n.m.r. spectrum of"
the residue (20 ng, 16%):1@ D20 showed only a ccmplex multipiet

at 6§ 3.40-4.10.
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6... Attempted Synthesis of C-Nucleosides  Using a Palladium

Catalyst.

5—Bromg¥2.u—dichlorogyr;midine {291).. - A suspension of 5-

bromouracil3e7? (230, 4.4 g) in{?Egmhonm. oxychloride {15 nl) .
wés heated at 125° for 5 days. The homogeneous reaction. mixiure
was then. cooled and the solvent ués removed by distillation
uader.redﬁcedlptéssure. Icé—watér {100 ml) was 'carefully‘ added
to the resulting syrup and the mixture was extracted with ether
{2x50 ml). The ether extracts were dtied with: sodium sulfate,
the ether evaporated and the remaining yellou: syrup was
distilled‘at 60° at 0.2 torritovafford 2871 as a clear oil (3.17

g, 61%), (lit. b.p. 145-147° (78 nm)}).

5-Bromo-2,4-di-t-butoxypyrinidine (292). - Dry t-butanol

(25 ml) in anhydrous hexane (10 ml)  was added to a stirred
suspension - of sodium7hydride (1.4 g of a 50% éispetsion.inaoil).
in hexané {15 ml). After 5 min reaction-at room temperature, the
solgticn was refluxed for 10 minl,The"resulting‘ suspension of
éqdium t-butoxide was‘ cooled and a solution of S;bromo~2,ue

dichloropyrimidine (291, 3 g) -in hexane {10 ml) was added slowly

v

to maintain refiux.nAf£er;complete-addition\of 291, the reaction
‘mixture was refluxed for ‘2 h. before. it was cooled and
evaporated. Héter was édded to the residue and tﬁe mixture was
Iextfacted with ethef (Si20 ml). The combined ether extracts were
dfied with magnésiﬁm sulfaté,' the ether evarorated and. the
residue distilled at 0.2 torr., The fraction distilling at 60°
Qés discarded while that distiiling at 80-100.o was collected.
The latter fractioa crystallized spohtaneously at roon

temperature to give pure 292 - (2.55 g, 65%) ; m;p., 55-579,
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{1it.293 qpm.p.. 63-649°); n.m.t._ {560 MHz,:CDCIS);'a 1.55 (s, 94,
3xCH3), 1.60 (s, %H, 3xCH3), 8.10 -{s, 14, H-6); mass spectrum:

vm/e 302 {M%¥).. .

éropeﬁ—Z-yl)uracil {296) . .~ A solution .of the bromo derivative

292 {375 mg, 1.24 mmol) -and ethyllbromide {1-.35 ng, 1.24 mmol);
in anhydrous tetrahydrofuran (THF, 4 ml) was added over 30  min
to a mnixture of magnesium powder (30 mg, 3.72 gf. at.) in
refluxing THF (2 ml) under an atmosphere of dry nitrogen. This
.solﬁtion of the 5-magnesiumbromo derivative 294 was refluxed for
1T h after coméletionz of the addition and then cooled beforeb
acetone (230 mg, 4 mmol) in-anhydrous etﬁer {5 ml) was added
‘dropwise.' After the vigorous reaction had subsided, the mixture
was refluxed for an additional 30 min, cooled, and poured . into
water (100 ml) to éhicﬁ.had been added hydrochloric acid (5 ml
of a 0.2M solution). The aqueous mixture was extracted with.
“ether ({3x50 nl), ihe combined organic. ektragts washed with
satﬁrated aqueous ISQdium hydrogen carbonate, dried with
magnesium sulfate and evaporated under reduced pressure..The
resulting crude syrup, cqnfaining.unreacted_ggg as evidenced by

t.l.c. on- silica gel was distilled (6C°, 0.2 torr), leaving a

| CHCly

vioox3 3650 cm-t. (OH)) which, without further

residue (2395,
purification, was hydrolyzed by refluxing for 5 min in methanol
containing cénc,$HCl (0.2 ml);;Evapqratioa»of“the solvents then
left a ygllowish splid'which:was crystallized from ethanol to
afford 296 (82 mg, 43%); m.p. 300-315°- {decomp.); n.m.r.. (100

MHz, DMSO-dc): 8 1.92 (s, 3H, CHy, 5-01.(dd, 14, Jia1b 2 Hz, -

?

J1GCH31HZ' H-t1a), 5.79 (4, 18, #H-1b),; 7-.35 {(s, 1H, H-6), 11.00
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(broad s, 2H, NH, exchangeable with DZO}; mass spectrun: mn/e 152

3)-
Anal. Calc. for C7H8 2 2-1/3 H

(M%), 137 {(M+-CH
,01 €, 53.11; H, 5.48; N,

17.72. Found: C, 53.12; H, 5.20; N, 18-30.

1ghenzllblsi henxlphosghlneLgalladlum {II) (298). -

A solution of freshly—dlstllled ~phenyl icdide {300 mg) 1in
benzene (50 -ml)' was added  dropwise to a rapidly stirred
suspension of tetrakls(trlphenylphosphlne)palladlum 40)42‘ (226,
.1.5 g)-" The resulting dark orange solution was stirred for 10
min after completion of the addition, after which the solveats
vere evaporated The eSLdual s0l1id was then triturated with
ether and the preéipitate' was collected by filtration. .
Crysfallization of this solid . from methyleae chloride-hexane
gave orange needles of 298 (320 mg, 30%);. m.p. 195-197°

{(decomp.), {lit.370 m.p. 171-186° (decomp.) ).

Attempted Bgllgéigm, {II)-catalyzed Coupling of 2 1.0 and
294. - To a reflux1ug solution- of the glycosyl chloride 210 (610
mg) -in anhydrous THF (TG' ml) - containing the palladium {I1)
catalyst 238 {20 mqg) was added, nnder»an atmosphere of dry
ﬁitrogen, a solutionlof'the Grignard reagent 294 (350 mg) -in THF
(8- ml). The reactlon mixture was refluxed for 12 h by which tinme
‘all startlng sugar had been consuned as shown by t.l.Ca On
silica gel. Thé solvents of the mixture were next évaporated,
ether was added to .the' residae and the inscluble material
.remqved by . filtration. T.l.c. of the filtrate wusing 10:1
benzene-ethyl acetate showed aany components, only two of whiahA

were fluorescent and charring. These were isolated by ccluan
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chromatography on silica gel using 10:1 benzene—-ethyl acetate as
the developer in yields o£'30 mg and 40-mg. However, rneither of
the n.m.r.'s of these :two. sugar  components displayed peaks
associated with the blocked pyrimidine 303, ihdicating- tha£

coupling had not occurred.

7. Synthesis of 6—Substituteg Nucleosides. .

2,2'-Anhydro=-1-{5-0_—-trityl-f-D-arabinofuranosyl) uracii

{307). - Following the method of Fox and Wempen374, a mixture of
51-0-trityluridine3?3 (§Q§< 13.56 9g) and.thiocarbényldiimidazole
(306, 5.6 g) in anhydrous toluene {500 ml)'was refluxed at 120°
for 1 h, The precipitate which formed was collected by
filtration, washed with = toluene, dried in  vacuo and
recrystallized from methanol, yielding ;Qz as shiny«plates (11.5 ..

g, 88%); mup. 222-2239, (lit.374 m.p. 219-2210).

g‘g!—Anhgdro—1%13~O—acet11—5-04tritzl-6~2:

arabinofuranosyl) uracil {308 .. - In a modification of the

procedure of Ogilvie and Iwacﬁa,‘Zi'avsolution of the tritylated
anhydronucleoside 3C7 (10 q) aﬁd acetic anhydride {3C mi) in.
anhydrous pyridine {100 ml) was stirred at room temperature for
18 h, fdllowing which the solvents were:  evaporated at reduced
pressure, the temperature of the mixture never exceeding 35°..
Residual acetic anhydride was rémoved from the crude product by
- repeated aieotropic-distillatién.with xylene. The gléssy residue
was then ©passed through a short column of silica gel {200 g)
using 5:1 benzene-ethyl acetate as the. eluting sclvents. The

acetate 308 was thus obtained as a white foam (10.5.g, 96%);
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[G]E3 -28.5% (¢ 1.5, methanol); n.m.r. (100 MHZzZ, CDCl3):5 2. 10
(s' BH' CH3) ’ 3.01 ‘(dd' 2H' J["'S’ 7.0 HZ' JS’GIS’b 0-5 HZ' H-
5'), 4.45 {t of doublets, 1H, Jy , 1.5 Hz, H-4'), 5.30 (4, 1H,

3y, 6.0 Hz, H-2'), 5.40 {d, 1H, H-3'), 5.84 @, MW, 3¢ 8.0

+

Hz, H-5), 6.25 (d, 1H, H-1'), 7.15-7.50 (m, 16H, H-6, Ar;. 

3

Sa842. .-Found: €, 70.05; H, 4.9%4; N, 5.36..

Synthesis of  2-{1,3-dithian-2-yl)-1-{5-0-trityl-$=-D=

arabinofuranosyl)-4{1H) -pyrimidinone (309) aand 2,2'-anhydro-5,6-

dihydro-6-4{S)-{1,3-dithian-2-yl)=1-{5-0=trityl-g-p-

arabinofuranosyl) uracil {310). .- A solution of anhydronucleoside

308 {1.2 g, 2.5 nmole) in anhydrous THF (20 ml) .was added by
syringe to a solution of the dithiane anion - 126 (1.5 g, 12.5
ﬁmoles) in THF at ~-78° under nitfogen._A yelloW'precipitate
formed immediately and the mixture was stirred at =-78° for an
additional hour. after which. waier (0.5 ml): in $HF {5 ml) was
slowly added.‘stirriug of the mixture was continued at -789 - for
30 nin. before it was allowed to come to room temperature. The
solution, nedtralizéd with dilute .hydrochloric acid,' was then .
extracted with chlorofornm 4quo rl), "the combined orgamnic
extracts dried (magnesium sulfate) and the solvents evaporated,
leaving a crudé orange syrup {1.8 g)-hChromatograéhy of this
syrup on silica gel {200 q) using,Q:i.benzene-ethanol as eluting
solven#s gave 309 {183 mg,'ﬁs%);'Rf 0.10; m.p.. 155-1569; [a]BB
'+38.8° (¢ 1.28, methanol};v§§; 3380 (oH), 1725 {C=0), 1635
{C=N), and 1600 cm?! (C=C); n.m.r., B {100 MHZ, DMSO—dS): S 174~

2.20 {(m, 2H, SCHZCEZ), 2.95-3.21 {m, 4H, SCH CHZ), 3.42 (m, H-

2
5\')' 3-80’“‘ 51 (m' 3H' H“‘Z',B',u') r} 5-“6 ‘(S' 1H' SCES)' 5‘71 (d'
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1H, OH, exchangeable with D,0), 5.73 (4, M4, 8.0 Hz, H-5),

T5.6
5.92 {4, 14, Od, exchangeable with D,0); 6-.31 (4, 1H, Jy, 5.0
Hz, H-1'), 7.31-7.46 (ﬁ, 154, Ar), 7-91 (d, 1H, .H-6); mass
spectrum: m/e 375 {M* -~ base).,
Apal. Calc. for Cg,H,,N,00S,°H,
4.62. Found: C, 63.13; H, 5.52; N, 4.49.

0:. C, 63.36; H, 5.61; N,

The faster running compound 310 was isolated ~as a non=

crystallizable glass (392 nmg, 30%);.Rf 8. 15; [a]g3 -108..3% (¢

CHCly
X

0.66, chlorofornm) ; Yma 3350 (oH), 1702 {C=0), 1585 (C=N) : and

1460 cp~1; n.m.T. {100 MHzZ, cnc13):,a'1.so¢2.3a {m, 4H, SCH,CH,,

H-S) " 2.6“"3.26 (m' GHI SCL{'Z' H_S’) rs 3:88'“:05 (m' 1H' H‘6) r

l.“¢ 36'4.’46 (m' 3H' chs' H-B.' H‘Q') ’ 5. 18 (d’ 1H, J 1/ 2’ SQGHZ,

H-2%), 5.50 (s(broad), 1H, OH, exchangeable with D.,0), 6.25 (4,

2
14, H-1'), 7.18-7.58 {(m, 15H, Ar).

Apal. Calc. for C32832N20552; C, 65.31; H, S5.448; N, Iu.75-,

Found: C, 65.31; H, 5.64; N, 4.58..

-——  —

pyrimidinone (313). - Freshly—activatéd Raney nickel (100 mg) in

ethanol (2 ml) was added to a solution of compound QQQ'(QZ.mg)
in ethanol (5 ml) ‘and refluxed for 1 h by which tine t.l.c;;of
the reaction mixture on. silica gel”usinng:I.ethyl;aCetate-r
ethanol as developer showed complete disappearance of 303 and
formation' of  a . single new lower ﬁf compound. The reaction .
mixture was then filtered, thé nickel washed repeatealy with hot
ethanol -and thé collected filtrate and washings evaporated,
leaving a clear syrnp {26 mg); Addition;of ethanol to the syrup
resulted in formatioﬁ.of white crystéls of 313 (26 mg, 33%),

Me Pe 23u-235°, (lit.311 m.p. 238-239°); n.m.r. (100 MHz, DHSO-
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d): 8 2.39 (s, 3H, Cq) 3.83-4.33 (m, 3H, H-2', 3', 4'), 5.67

6)
(d, 18, OH, exchangeable with.DZO), 5.64 {d, 18, Jg ¢ 8.0 Hz, H-
5., 5.79 -(d,.iﬂ, OH, exchangeable with,Dzo), 6.02 (4, 1H"55,6
8-0Hz, H-6); ga]Bs -40.49 - (¢ 0.65, N,N-dimethylformamide)
{1it.311 [a]BS ~33.2§A-(g 0. 22, N,N—dimethylformamide)); mass
spectrumi n/e 375 (M*-base), 241 (M+—(C6HS)3C).V '
' ggg;L'Calchfoé'C29H28N2050C2H505;'C, 70.18; H, 6.41; N,

5« 28e .Found: C, 70.21; H, 5+497; N, 5«30.

Acid hydrolysis of 309 to give arabinose, 2-(1,3-dithian-2-

ylqu-pyrimidinogg 131&L and triﬁhenzlcarbiabl. - A solution 5f
§Q§~(26 mg)-ia;methaﬁol (2 ml) and 80% aqueous acetic acid (0.5
‘ml; 'was fefluxed for 10 min. Tﬁe reaction .mixture wvas seen to
contain bf t.l.c. using 5:1 ethyl acetate-ethanol as developer a
high Rf (0;90), fluorescent compound {triphenylcarbinol, yellow
when t,l.c.:plate was sprayed with 50%  sulfuric acid and
heated), a fluoresceﬁt, non-charring component ({314, Rf‘ 0.70)
and a charring, noﬁffluorescent.material.(arabinosé, Rf 0.10).
Qhe:latfer was characterized by paper ,ch:omatography iNd. 1
Whatman, descending elution with water-saturated n-butanol) of
the degradation mixture;againsi aﬁthentic arabianose (Ry 0.11,
-alkaline silvef.nitratevdetection).,addition_of_aéueous'ethédol
to the ' reaction mixture caused crystallizatibn of ‘the 2_,
substituted base  component 314 (! mg), m.p. 210-215° (decomé);
n.m.r. (100 MHz, DmSo-dG):k 1,37—2;12 w, 24, SCH,CH,), 2.88-

3.44 {m, U4H, SCH,), 4.92 (s, 1H, SCHS), 6:31.(d, 14, 8.0

05,6
Hz, H-5), 8.11 {4, 1H, H-6), 12.51 (s(broad), 1H, NH,

exchangeable with DZO)..

Apal. Calc. for C8H1ON2052: C, 44.85; H, 4.67, N, 13.08.
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Found: C, 44.60; H, 4.59; N, 13.28.

2-{1,3-Dithian-2-y1)-1-{2,3-di-0-acetyl-5-0-trityl-8-D~-

arabinofuranosyl)=4{(1H)-pyrimidinone {315). - A solution of the

aucleoside 309 (2.04 g) in pyridine (20 mi) and acetic anhydride
(S ml) was maintained ‘at 0° for 12 h by which time t.l.c. of the
aéetylatioﬁ mixtufe on silica gel using 9:1 béﬁzenefethanol‘as
developer showed a single product (Rf 0.43). The 'solvents wvere
removed by three azeotropic efaporations witﬁ.xylene and the
residual syrup.cbromatographed on. silica gel {200 g) wusing
1021021 bénzene-ethyl. acetate-ethanol  as eluting 501vents,.
fielding'the diacetate.§i§ as a white foam {2.33 g, 100%);_[a]Bs

+85.1° (c 1.62, chloroform); n-m.r. (100 MHz, DMSO-d § 1.90

6)°
(s, 3H, Ac)y, 2.11 (s, 3H, Ac), 2.98-3.20 (m, UH, SCH,) , 3-39-

3.52 (m, 2H, H-5'), 4.16-4.36 (m, 1H, H-47), 5.34-5.50 (pseudo-
t, 1, H-3'), 5.63 (s, 1H, SCHS), 5.68-5.82 (pseudo-t, 1H, H-21),

5.91 (4, 1H, Jg ¢ 8.0 Hz, H-5), 6.53 (d, 1H, I, ,+ 5.6 Hz, H-

1), 7.23-7.53 {(m, 15H, Ar), 7-.83 {d, 1H, H-6).

Anal. Calc. for C :.C, 64.29; H, 5.36; N, 4.177.

367365, 9752
Found: C, 64.58; H, 5.50; N, 4.11.

2-41,3-Dithian-2-y1)=1-(2,3-di-0-acetyl-p-D-

arabinofuranosyl)-4{1H) -pyrimidinone (316). - A solution .of 315

{1.24 g) in BO%Yaqﬁeous acetic acid (35 ml) .was stirred for .65 h.
followingbwhich evaporation of +the solvents of the reaction
mixture at room temperature and chromatography of the resulting.
syrup on siliCé gel (60 g) -using 9:1 benzene—-ethanol .as
developer yielded the detritylated compound 316 as a white glass

{356 mg, 45%):'Rf.0.13; [a]ﬁs +48.3° (¢ 1.0, chloroform); N.D.Ta. =
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(100 wHz, DHSO-dc): § 1.91 (s, 3H, Ac), 2.12 (s, 3H, Ac), 2.94-
§_22'4h, 4H, scgé{, 3.64-3.82 (m, 2H, H-5"), 3.98-4.16  {(n, 1H,
H-4'), 5.20-5.31 (pseudo-g, 2H, H-3', OH, partiyvéxchangés with
D,0), 5.55 (s, 1H, SCﬁS), 5.68-5.82 (pseudo-t, 15, H-27), 6.12 -
a, dﬁ; 35,6 B.Q'Hz,‘ﬁos;, 6.51;{d,'1a,"a1z2' 5.8 Hz, H-1'),
8.04 (&, 1H, H-6). o |

Agg;iJCalc.;for C17H22N20 ZOR/ZHZO: c, 6.47; H, 5.24; N,

| 7

2-{1,3-Dithian-2—yll—1-B—gfarabiaafuranosyl-ui3HL~

rgyrimidinonef 317). - To a solution of the diacetate 316 (290
ng, 0.57 mmoles)‘in anhydrous‘methanol {15 ml)‘was added a 0.04'
A M‘ solutioﬁ of sodium in @ethanol»(70 ul)f,afﬁer the reaction.
vmixinre;haa'been-stirred for.1.h at room temperature, it was
. neutralized with Bio—-Rex 70 (H*;.weakly—écidic>catioa—exchaage
resin, the resig was filteréd off and aaéhed with methanol. Thé
filtrafe“add washings were evaporated under reduced pressure,

leaving a white foam (237 mg, 100%); {u]és +82.1° - (c . 1.1,

KBr

o 3350 (0H), 1725.(C=0), 1625 (C=N), 1600 ca?

methanol) ;v
' ~.MeOH : - ‘ >
(C=C) 5 Amqgx 245 nm ( €15,700); n.m.r. (100 MHZ, DHSO-dg):sd
1.55-2.29 (m, 2H, SCH,CH,), 2.91-3.21 {m, 4H, SCH;), 3-57-3.79
(n, 3H, H-47, 5'), 3.79-4.05 (m, 1H, H-3'), 4.37 {(q, 1H,. H-2"),

5.15 (t, 1H, CH.OH, exchhngeablé"with'DZO), 5.41 {s, 1H, SCHS),

2
5.52 {d, 1H, CHOH, exchangeable with D,0), 5.83 (d, 14, ~-CHOH,
exchangeable with DZO),,G.QO (d, 14, J-5 6'7.5 Hz,‘H—ﬁ), 6.24 (4,

3H' J]"ZI

347.0741 (M) ..

5;2 Hz, H—1f);'8.01u(d,'18,-H-S); mass spectrun:m/e

Found: C, 44.80; H, 5.45; N, 7.91..
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Attempted Hydrolysis of the Dithioacetal of Compound 315. .-

lU)

(9%

(a) 2 mixture of 15 {15 mg), mercuric chloride (12 mg) and

mercuric oxide (9.5 mg) in 90% aqueous acetonitrile (3 ml) was
refluxéd under nitrogen for‘ 30 mini, T.l.c,vof the reaction .
‘mixture ﬁsihé 5:1 ethyl aceiate—ethanbl as the developer shdwed
a high’ Rf (b.§6) charring component as well as a fluoreécent,
noﬁ-charring component of Rf 0.70, the lattet corresponding to
2-(1,3-dithian~-2-yl) aracil : (gig),. thus indicating that
glycosidic cleavage was the major reaction pathway.
| {(b) A mixture of 315 (25 mg),vmethyl'iodide {0.5 ml); and
barium carbonate (30 mg) in.90% agueous‘acetone was heated at
' 55° for 4 h. T.l.c.;of»the reactiénsmixture using '9:1 benzene—
ethanol as the devélopex-showed some lower Rf material (0. 10)
but the major component was the free base 314 (Ry 0.25). |
(c) A solution: of 315 (75 mg) and Eenzeneseleninic
anhydride*22 (121 mg) in anhfdrous THF (10.m1) was refluxed
under nitrogén férIBG nin. T.l;c;,of the reaction mixture showed
the presence of at least five components as well as base-line
materiél.' Shortening of the reaction time or a decrease in the
reaction temperature had no noticeable effect on . the

tel.C. Tesults.

2,2%-Anhydro-5,6-dihydro-6-R-methyl-5*~-0-trityluridine

{318). - A nmixture of compound 310 {1.g) and freshly-activated
Raney nickel {2 g) in ethanol (50 ml) was refluxed for 2 h. The
nickel Awag removed by filtration, washed copiously with ethanol
and.the combined filtrate and Qashings.evaporated under reduced
pregsure- The solid residue was crystallized from ethanol

yielding a white powder (340 mg, 41%); m.p. 245-2479; [q]63 -
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KBr

max 3350 {oH), 1700 (C=0), 1570

101. 19 {¢ 0.8, methanol); v

J 6@0 HZ, CH ), 2.20 (dl IH' Q.G H:Z' H-Sa), 2.28 (d'
6,CHy 3

J50,6
W, Jg, ¢ M8z, B-SD), 2.82-3.16 {m, 2H, H-5'), 3.39 (broad s,
1H, OH, exchangeable with4D20), 3.60-3.84 {(pseudo-g, 1H, H-6),
4.15-4.28 (m, aﬁ, H-47%), 4.33 (broad s, 14, H-3'), 5.11.(d, 1H,
J1Z >’ 5.6 Hz, H#-2'y, 6.05 (4, 1H, #H=1'), 7.38 (s, 15H, Ar).
Irradiation of ‘the multiplet at 63.60 collapsed the doublets at
-8 2.20 and 1,26 to singlets.

V_ggglz Calcf_for C29H28N205:.C, 71.90; H, 5,79; N, 5.79.

5,6-Dihydro=6-(S)={1,3-dithian-2-y1) -1-8-p-

s

arabinofuranosyluracil =~ (3.1.9 ) - and 3-[{S)—-1-{1,3-dithian-2-

111]progionamidozgzg-arabinofurano—L1'l21'QLSJ—Z-oxazolidone _

-
—

jggglg_—A solution of the tritylated anhydronucleoside 310 (2 q)
in 80% agueousiacetic acid (50 ml) : was refluxed for 10 min,
cooled and diluted ;ith water (SO ml). The resulting precipitate
of triphénylcarbinol was filteréd off and washed cobiously with
vater. The filtrate ind collected washings were‘then evaporated,
the.residual,syrup dissolved in: water and washed twice with
etﬂer to remove residual triphenylcarbinol. The water layer Was
concentrated, applied to a éolumn.(3x30-cmy-of Bio-Rex 70 (HY)
catibﬁ-exchange resin and eluted with water. The first fractions
yielded the detritylated nﬁcléoside 319 (50 mg, 10%) as a solid
which was recrystallized from agqueous methanol, m.p. 245-2479;

Ry 0.42 (silica gel, 5:1 ethyl acetate-ethanol); {a]%3 +11.49 (¢

KBr
max

245 nm ( e1700);-c.d,,(g 3.5 x 10—%, methanol)

0.25, 'methanol) ;v

MeOH.
1600 cm=13 AL oy

3500 (0H), 1710 - {C=0), 1690 -(C=0), and
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250 +4.80; n.m.r. (100 MHZ, DMSO—d6): § 1.47-2.21 {(m, 2H,

SCHZCHZ), 2.59 3.01 (m, 6 H, SCH2 H-5), 3.47-3.73 {(m, 3H, H-5?,

H-6) , 3. 76‘3 90 (m, 14, H-4'), 3.93-4.15 {(m, 2H, H-2', 3%), 4.76

@, 1, Jpe 4.0 Hz, SCHS), 4.85 (t, 1H, CH OH, exchangeable

1 _ 2
uith.DZO), 5.60 (4, 1H, CHOH, exchangeable with DZO)' 5.99 (4,

]

H, J., ., 5.0 Hz, 8-17), 10.31 .(s, 1H, NH, exchangeable with.
D.0); mass spectrum: m/e 245 {M*-dithiane), 133 (M*-base).

Apal. Calc. for C13 2ON20652 C, 42.85; H, 5.49; XN, 7.69.ﬁ 

Found: C, 42.90; H, 5.68; N, 7.78..

Further elution. of the chromatogréphy cclumn with water
gave the detritylated 2-oxazolidonre. derlvatlve 320 (0.5 g, 90%)
which was crystallized fronm aqueous methan01 Be Po-, 185-1889; Rf

0.23 {silica gel, 5:1 ethyl acetate-ethanol) ; [a]%s -32.3° (¢

KBr

max 3400 {OH), 1740 (carbamate), 1680 (anide)

MeOH
max

0.65, methanol); v

‘and 1615 cm-1! (amide II) ;A 225 {€3500), 232 { €3000) and

285 nm (€ 1500); c.d. {c 1.92x10-%, methanol) Bey o +2-415 -

De M Te . {100 MHZ, DMSO—dG);' § 1.73-2.12 {m, 2H, scazcgz),

C=0, SCH,), 3-25-3.58 (m, 2H, H-5'), 3.63-3.90.

. 2.55-

(n, 14, -CHCH,C=0), 4.04 (d, 14, J 10.6 Hz, SCHS), 4.15

2 1,1”

(broad s, 1H, H-3%),. 4.37-4.61 {(n, 1H, H-4'), 4.68 (d, 2H,
61'2' 5.8 Hz, H-21), 4.70.(t {partly buried wunder H-2'), 1H,

CHzog, exchangeable with DZO), 5.66 (4, 1H, CHOH, exchangeable

with DZO)’ 5.80 (4, 1H, H-1'), 6.86 {broad s, 1H,<N§, exchanges
slowly with: Dzo), 7.51 {broad s, 1H, NH, exchanées slowly with
20); 13C n.m. r.,{DZO):G 177.0 {(amide), 159.8 (carbamate), 90.5'

{anomeric); mass spectrum; m/e 227 . (M*—dlthlane).‘

Anal. Calc. for C13H20N206S2 .C, 42-85; H, 5.99; N, 7.69..

Found: C, 42.78; H, 5.66; N, 7.87..
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(S)-(1,3-dithian~-2-yl)uracil (3. 21).. - A suspension - of

mucleoside 312 (5 mg) in 1N hydrochloric acid {1_hl) vwas stirred
at 70° for 4 h. The reaction mixtﬂré was then cooled and the
white precipitéte which formédlwas filtered off. The precipitaté
vas washed several tines with“ﬁater and shown to be fhe Eree
base 321 {2 mg, 62%); m.p. 260-261°; [0]23 +22.7° (¢ 0.1,
methanol);vKBr 3420 (OH of tadtomeric form), 3230 {NH), 1720-

max
OH
{broad, C=0), 1600 cm—1 (C=N of tautomer);ﬁﬁzx

245 nm (e 7090) ;-
n.m.r. (100 HHz, DNSO-d )z & 1.48-2.18 (m, 2H, SCH,CH,), 2.58-

31'6 6.0 Hz, H-1'), 7.61 (broad s, 1H, NH, exchangeable with

'DZO), 10.01 (broad s, 0.5H, NH, exchangeable witbx?of.,

Apal. Calc. for CgHj,N,0,S,: C, 41.38; H, 5.17; N, 12.07.
Found: C, 41.38; H, 5.31; N, 12.20.

The filt:até vas s?otted on Whatman .No. 1 paper against gf»‘
arabinose,. the paper eluted in a descending‘manner with,wate:--
saturafed 4:1 n~butanol-acetic acid and the chromatogran

developed by spraying with alkaline silver nitrate solution

which revealed two spots of identical Ry {(0.31) ..

5.6-Dihydro-é-methyluracil (322).. - A solution of  the
dithianyl compound 3271 i12 mg)lin.N,N~dimethylformamide {1 ml) -
was heated for 2h.at 809 ‘in the. pfesence of freshly—activated
Raney .nickel (50 mg) in ethanol {3 ml). The nickel was then
removed by filtration and washed Qith,hot N,N-dimethylformamide.
Evaporation of the combined filtrate and washings left an off-.
-white solid (5 hg, 75%) which was crystallized from methanol,

m.p. 2189, (1it.387 217-2189) ;v 0"

max 3200-(NH, ¢d) , ?725 {C=0),
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1695 {C=0), 1605 cn—1 {C=N of tautomer); n.n.r. (100 MHzZ, DHSO-

d.): ¢ 1.12 (4, 3H,

6 Y6 ,CHy
{partially obscured by DMSO), approx. 2H, J50,5b 16 Hz, J5,6 5.6

6.0 Hz, C§3), 2..10-2.62 (octet

Hz, H-5), 3.50-3.68 (m, 1H, H-6), 7.52 (broad s, 1H, NH,
exchangeable with DZO), 9.96 {(broad s, 1H, Ng,'exchangéable_uith.

DZO}..

silylation of 3_2.0 to give 3-[{S)-1-{1,3-dithian-2-

yl) 1propionanido-3',5'-di-0-t-butyldimethylsilyl-pg-D-

arabinofurano-[1?,2%:4,5]-2-0oxazolidone (323). —- A sclution of

the dihydroxy compound 320 (44 mg, 0.12 mmnoles) andl t-
butyldimethylsilyl <chloride (50 mg, .0.3.mmoles) in .anhydrous
N,N-dimethylformamide ({2 ml)_and pyridiné (0.5 ml) ‘was stirred
for 24 h under nitrogenr Water (0.5 ml) was then:added to the
reaction mixture.and‘stirring of.the.solution was continued - for
15 min. The solution. was then evaporated to dryness under
reduced preésure, the residue dissolved in chloroform ({30  ml)
and washed with water (2x15 nml). Drying of the chloroforn
solution with sodium sulfate followed by evapcration, left a
syrup {97 mg) which was chromatographed on silica gel (15 -g)
using 1:1 benzene—-ethyl acétate as developer yieldiaé 323 as a
white giass {53 nmng, 75%); {a]63 -50.909 (g:}.g, chloioform);
n.m.rt. (100 MHz,‘CDC13):.5 0.04 {s, 6H, 2xCH3), 0.10 {s, 3H,
CH3)' ‘0.12 (s, 34, CH3)' 0;88 {s, 18H, 2x§-Bu), 1.84-2.20 {m,
C¥O), 3.52-3.68 {(m, 2H,

2H, SCHZCEZ), 2.430-3.42 {(m, 6H, SCH,, CH

' "2
H-5'), 3.82-3.98 (um, 1H, NCH), 4.07 (d, 1H, J, ,» 10 Hz, SCHS),
4.40 ({broad s, 1H, H-3'), L.49-4.60 (m, 185, H-4'), 4.69 (d, 1H,
31’ 2' 6-0 HZ, H"z') ’ 5’79, (d' ]H, H-1') ’ 5-68—6. 30 (broad d

5

{partly buried uhder H-1%), . 2H, NEZ, exchangeable with‘DZO);
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,CHCly

max 3420 and 3540 (NHZ), 1760 {carbamate), 1695 {amide

carbonyl) and 1598 cm—?! (amide II). .
Anal. . Calc. for C25H48N2065251 c, 50.68; H, 8.11; N,
4.73; Found: C, 50.85; H, 8.08; N, 4.81. .

Conversion of

jw

139 to the oxazolidone 320. - A solution of

the nucleoside 313 (20 mg)  in water {1 nl) was kept at roon
temoerature for 4 days. Evaporation of -the water under reduced
pressure . left a solid (20 mg) idematified as 320 by t.l.c. (5:1

ethyl acetate-ethanol) and n;m.t.,spéctroscopy-,‘

Dehydration _f 320 to give 3-[(S)-31-{1,3-dithian—2-

ylLchanoethyl«B D—arab1&ofurano—[1'L2'~u 51-2—-oxazolidone

'jggglz_ - To a suspension. of the amide 320 {43 mg, 0.12 mmoles)

in anhydrous 1,4-dioxane {3 ml) and pyrldlne‘(0.0B ml, 8 ege.) at
0° was added trifluoroacetic anhydride (0.4 ml, 8 eqg).. Thé
ﬁixture wvas then stirred at room temperature for 2 h‘by which
time all starting material had dissolved.‘Metﬁanol- (1. ml) was
added to the -'solution and the latter was stirred for 30 -min
before the solvents were evaporated in vacug. The residual.éyrup
was dissolved in a small guantity of water, applied to a cclumn
{11x1.5 -cm) of Bio—-Rex 70 (h*) res;n and eluted with water,
yielding the nitrile 328 {32 ' mg, 77%) . as a syrup whlch‘Awas
crystallized and recrystallized from chloroform; m.p.ﬁ18u-185°;‘
[0]27 -40.2° (¢ 0.99, methanol) ;vKBT 3400 (om), 2260 (c=m,

17“0-.cmf1 {C=0) ; n.m.r. (100 HHz, DMSO-dg): & 1.72-2.10 (m, 2d,

SCH,CH,) , 2.60-3.65 (m, 8H, SCH,, H-5', CEZCN);_ 3.77-4.01 . (m,
14, H-47'), 3.99 (4, I Y 11.0 Hz, SCHS), 4.01 (brood s, 1H, H--

3'), 4:45-4.71 (m, 1H, -CHCH,CN), 4.82 (¢, 1H, CH,OH,
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exchangeable with . DZO), 4.79 {dd after addition of D o, J1'2'

2 :

6.0 Hz, J, 4 1.5 Hz, H-2'), 5.74 (4, 1H, -CHOH, exchangeable

with D,0), 5.86 (d, 1H, H-1").. ' '
Anal. . Cal;. for C13H18N20552: c, HS‘OQ; H, 5.203; N, 8.09.

Found: C, 44.57; H, 5.26; N, 7.91.

3-(R)-1-Methylpropionamido-f-D-acrabinofurano=-{ 1',2':4,5]-2~

oxazolidone {3 2 9 ). .- Freshly-activated Raney nickel {1.7 q)

in- water (b ml) was added to a solution of the dithianyl
compound 320 {31& mg) in water . (10 ml) and the mixture heated at
75° for 4 h. The mixture was then:filtered, +the mnickel washed
copiously with water, +the filtrate and_ collected washings
concenfrated‘and the residual syrup passedlbfhrough a coiumn
(2.7x18 cm)v bf Bio-Rex 70»‘(H+y cation-exchange resin (water
elution) yielding 329 as a clear syrup {190 mg, 85%)., The
material could-rnot be crystallized, though it was shown to be
bure by paper chromatograpﬂy (R C.36, descending 'élution» on
Whatman No.. 1 paper- with water-saturated n-butanol); [a]63 -
78.8° (¢ 1.1, methanol);vxgr 3375 (0H), 1740 (carbanate), 1670
" {amide carbonyl), 1625 (amide II); n.m.r. (100 HAZ, DMSO-dS): 8
118 @, 34, .J1'CH3' 6.0 Hz, CH,) 2.43 (d, 28, 31;2 7.0 Hz, -

4, 5a
I, 5p 7.0 Hz, H-5'), 3.80-4.74 (m, 2H, H-4', -CHCH)), 4.18.

CH,C=0), 3.28-3.43 (octet, 2H, Jgy gy 12.0 Hz, I, gt 6.0 Hz,

{broad s, 1H, H-3'), 4.67 (4, 14, J1: 57 5.0 Hz, H-2'), 4.89 (t,
1H, CH20§, exchangeable with DZO), 5.62 (d,' 1H, = CHOH,
exchangeable with DZO); 5-81.(d, 18, H-1'), 6.86 (broad s, 1H,
NH, exchanges slowly withuDZO), 7.44 (broad s, 1H, NH, exchanges
slowly with DZO); mass spectrum: m/e 152" {4*-base).

Anal. Calc. for C]0H16N206.1/2 H O:ﬁ?, 44.060; H, 6.?2; N,
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10.41. Ffound: C, 44.50; H, 6.303 N, 10.46.,

Dehydration of 323 to give 3-(R)-l1-methylcyanoethyl=-g-D-

arabinofuréno—L1’L2153L§j—2—gzgggiggone {330) . - - Compound 329

{41 mng) was treated with pyridine-trifluoroacetic anhydride in
exactly ‘the same mamner used in the conversion of the amide 320

to the nitrile 328, yielding 330 as a syrup (23 mg, 60%); {a]éa

~67.59 - (¢ 1.2, methanmol); KDL 3390 (0H), 2230 (c=N), 1740 ca-!

{C=0) ; n.m.Tr. {270 MHz, DMSO-d6): § 1.35 {4, 3H, 6.75 Hz,

J
1,CH3

C§3), 2.92 {(octet, 2H, J 15.3 Hz, 7.5 Hz, J1 2b 6.7

2a 2b I1,2a
Bz, CH,CN) 3.27-3.44 (m, 2H, H-5'), 3.95 (broad t, 1#, J, g’

-5.75 Hz, H-4'), 4.07 (g, 1H, CHCHy), 4.24 (s, 1H, H-31), 4.77

(d' 1H, J1l

:

2" 5.0 Hz, H=-2%, 5.03 {4, 1M, -CHZOQ, exchangeable
with DZO), 5.85 {4, 1H, -CHOH, exchangeable with DZO), 5.89 (d,
1H, H-1'). .

Anal. Calc. for C1OH14N205:. C, 49.59; H, 5.79; N, 11.57.

. Found: C, 49.35; H, 5.55; N, 11.26. .

' Hydrogenation of 330 to g;gg,3—181-izgethylacetamidopropyl-

1o

‘§:2—arabinofurago~Llngj:QLSJ-2~oxazoliddne i331L-=— A solution .
of compound 330 (28 mg) in anhydrous acetic anhfdride {3 ml) was
hydrogenated ét 55 pe.s.il.. at room temperature for 20 h.in the
bresence of 'platinum oxide (21.m§j as catalyst. The catalyst was
then removed by filtratiom and washed copiously with methanol.
The filtrate and. collected washings. were evaporated uander
reduced pressure, traces of acetic anhydride being remcved
azeotropicéliy ~with p—xylene.q. The crude Tesidue - was
- chromatographed on siiica gel hsing 5:1 ethyl acetate-ethanol. A

minor compenent of R¢ 0. 26 was first eluted and-appeéred to be
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an inseparable syrupy mixture of the 3'-0- and 5'-QO-acetyl

acetamido derivatives {14 . nrg, 36%)§‘vghn : 3320 - {oH), 1750
max

{carbamate), 1650 (amide carbonyl), 1555 cm—! {(amide II); NeMeC. .

(270 nHz, DMSOde): § 1.80 (s, NAc), 2.02 (s, —-CH,OAc), 2.08 (s,

2
CHOAc), 7.86 .(broad s, Ni, exchangeéble with D,0). .The ratio of
2

C-Sf acetate to C-3' acetate was approximately 2:1. .,

Further elution of the chromatography coclumn gave the
acetémidq compound 331 as a sgrup (11 .mg, 33%); R¢ 0.16; {a]53 -
78.8° {c 0.52, methanol); vggg 3320 (0H), 1740 {carbamate),
‘1640 {amide»carbonyl), 1560 {amide iI); neM.r. {270 HMHZ, DHSO-

dg)z.8 118 (4, 33, J, CHé 6.0 Az, CHCH.), 1.72 (m, 2H, N-

CH,CH)), 1.81 (s, 3H, NAc), 3.03 (t, 2H, J 6.8 Hz, NHCH

2,3
3.18-3.32 ({(m, 2H, H-5'), 3.70 (broad g, 1H, CH

Ry

3CH) ¥ 3.90 - (broad

t, 1H, H-47), 4.22 {broad s, 1H, H=3'), 4.71.{d, 1, 3J {55
Hz, H-2'), 4.96 (t, 1H, -CH,0H, exchanges with D,0), 5.67 (d,
1H, -CHOH, excﬁanges with D,0), 5.79 {4, 14, H-1?), 7.88 {broad
s, 1H, NH, exchanges slowly uithnDZO).

©3/2 H

Anal. . Calc. for 0: C, 45.71; H, 7.30; N,

“12820"2% 2
8.88.;Found:‘C, 45.80; H, 6.79; N, 8.40..

‘Molecular weightﬁby mass_spectrometry 288.1328. C12H20N206
{M*) ré@uires 288.1321. .The base peak was observed at 114.0890.
C6H12NO requi:es 114,0919. .

Hydrogenation of a solution of compousd 330 (31 amg) in
anhfdrous- methanol (3 ml) and acetic anhydride {0.5 ml) at 55
P-S- i. at roomn temperaturé for 2 h‘in~the:presence. of platinum
oxide (23 mg) followed by femoval of the catalyst by filtration .
and removal of ‘the solvents of the filtrate by cq—distiilation

with xXylene, - géve compound 331 (35 mg, 95%) with no observable
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formation of D-acetates.

Attempted Detritylation of 310 to Give 2,2'-Anhydro-5,6-

dihydro—-6=-(S)-({1,3-dithian-2-yl)uridine ({332)}. =— (a) A mixture

of 310 (118 ng) and 5% palladium on charcoal ({64 ﬁg) in methanol
{3 ml) was hydrogenated at 50 p.s.i. for 24. h. T.l.c. of the
reaétion mixture showed the presence of only starting material.
The mixture was filtered and ‘the filtrate yas evaporated,

leaving a residue whose n.m.r., spectrum (100 MHz, CDC13)

indicated that it was unchanged 310..

{b) When the abéﬁe procedure {a) was repeated using
palladium hydroxide395 on . carbon . as the catalyst, there was
again no discennible detritylation of gjguas evidenced by either
t.l;c. Or N. D.T. Spectroscopy..

(c) To a solution of 310 {111 mg) in anhydrous THF (4 ml)
and 1liquid ammonia {20 ml) at -78° was added lithium pcwder (15
mg). The solution was stirred at -78° for 30 min before amménium
4chloride {275 ﬁg) #aé added to déstroy the lithium. The reaction .
mixture was then .allowed to come to room temperature,. nitrogen
was bubbled through for 15 nmin . and residual solvents were
removed by rotary evaporation;,Thé residual syrup was shown to
consist mainly of élgvby t.l.c. and n,m.r.,specfroscopy though
the presence of several higher Ry impurities was also indicated. .

{d) A solution of 310 {10 mg) .and ferric chloride kl. ng) -
in . anhydrous dichloromethane (2 ml) - and methanolv(s pl) was
vstirred for 24 h.at roéom- temperatﬁre._ T.l.c;,of the reaction
mixture on silica gel using 9:1 .benzene-ethanol as developer
indicated that some detritylation .had occurred as evidenced by

the presence of a high R¢ fluorescent component. However, at
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leést five other sugar components were observed on the
t.l.c. plate so that this method was abandoned as a practical
nethod of detritylation..

{e) A Solutioﬁ of 310 {30 mg) inuanhydrousl chloroform {5
ml) was added to chloroform-(15 ml) saturated with HBr gas at -
.OO.ﬂAfter.S min at 09, t.l-c.‘bf the reactionvmixture {5:1 ethyl
acetate-ethanol) showed complete ,detritylation accompanied by
the vformation of at -least u“othef sugar components and much .
base—line material.

(f) A - solution of 310  (§7 mg’ in. 2:1 n-butanol-
trifluoroacetic acid (3 ml) was stirred - for '3 min at roonm
temperature. The reaction mixture was then poured into a rapidly
stirring mixture of Bexyn 201 {OH-) ‘in methanol {120 ml) at 0°..
After 5 min, the resin vwas rémoved by filtration and the
filtrate was evaporated under reduced presépre.yielding a gummy
residue. Chromatography of the latter on a column (20x2-5 cm) of
Bio-Rex 70 {H#¥) resin using water as the eluting éolvent
afforded the detritylated oxazolidone 320 (32 ng, 80%) ,

identified by n.nm.r. spectroscopy. .

f compound 318 to give 329. - A solution.df

| ———. - ——

Detritylation

compound 318 (94 mg) in 80% agueous acetic acid (10 nl) . was
refluxed - for 10 min, the reaction mixture cooled and the
solvents evapo;ated under feduced pressure at rccem temperature. .
The residue was suspended in water and washed twice with ether.
Evaporation of the water'fracfion:left a syrup {50 mé) thch vas
applied to a column (1.5 x 11 cm) of Bio-Rex 70 (H+) —resin and
eluted with water, yielding compound 329 as a clear syrup (26

ng, 52%) .
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3-[ {S)=1-(1,3-Dithian—2-yl) Jcyanoethyl—31,51'-di=0 —p—

nitrobenzcyl;ﬁ:g~arabinofurago—L15,2';&,5]—2—oxazolidone {333).

- To a solution of compound 320 (285 mg) -in anhydtous pyridine
(10 ml) was added at room iemperature freshly reérystallized p-
nitrobenzéyl chloride {BSB ng-, 3-eguiv)»ih-pyridine {5 ml) . The
solution  was stirred for 2 h, water added (1 ml) and‘the nixture
stirred for another hour. The solvents were then . evaporated in-
lggggL- the residue was dissolved in chloroform {60 ml) and the
latter washed suécessively with 4% hydrochloric acid (2 x 36
‘ml), saturatéd aqueous sodiun hydrogea.garbonate (2 x 30 ml) and
water (3 x 30 ml).. The chlorofora layér was dried with sodium
sulfate and evaporated, leaving a crude solid {517 ng) which was
chromatographed on silica gel (30 g).. Elution  with  3:1
chloroform-ethyl acetate yielded the diester 333 as a solid (422
ng, 85%) - after removal . of solvents.l Compound 333 was
recrystallized from acetonitrile—water, M. p.  201-2032°; . {a]63 -
42.9° - {¢c 1.3, ch1oroform)g'n.m;r.,(1oo MHz, CDCly): 61.90-2.10

(n, 2H, SCH C=0), 4.02-4.38

2
c=0, SCHS), 4.64 (broad s, 2H, H-4', 5'), 5.23.(,

2
{(m, 2H, -CHCH

cgz), 2.40-3.30 {m, 6H, - SCH,, ~-CH

. 2
1H, J ¢ ¢ 6-0 Hz, H-2Y), 5.70 (s, 14, H-3'), 5.90 (4, 1H, H-

; y N CHCl,-
1), 8.25 (m, 8H, Ar); Vmax3

2260 (CN), 1780 . {carbamate), 1740
{ester), 1615 and 1535 cm—1! (NOL) .

- - : ; - b4 i 3 - M ) - - .

Anal. Calc. for C,,H, N 0, S,: C, 50.31; H, 3.73; N, 8.70.

Found: €, 50.17; H, 3.69; N, 8.66.

Conversion of compound 333 to compound 328. - To a solutionl
of compound 333 (190 mg) .- in. anhydrous methanol {25 ml) and
_tetrahydrdfuran= {3 mnl) was added with .stirring under nitrogen a.

solution of 0.1N sodium in methanol (20 ul). After one hour, the
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reaction mixture was neutralized with .Bio—-Rex 70 {H*) resin, the
resin was removed by filtration and the filtrate evaporated. The
residue vas suspended in water (30 ml) amrd washed ‘vith ether

{3x20 ml). The water layer was then.evaporated under reduced

pressure leaving a solid ({328, 90 nmgq, 88%) which. was

crystallized- from ethanol-water, m.p. 166-186.59; [a]64 -44.29

KBr

(c 0.94, methanol); Wncx

3460 {OH), 2260 (Cc=N), 1740 cm—?

(C=0); mne.m.r. {100 MHzZ, DMSO—d6);“5 1.72-2.]0~(m, 2H, S5CH CEZ),

2

2’

3.99° {a, J 11.0 Hz, SCHS), 4.01 {broad s, 1H, H-37), 4.45-

1 CH
4.71 (n, 14, ;cgiﬁzcny, 4.79 {dd4 after addition of D,0, 1,
J 12 . 6.0 Hz, J2:3' 1.5 Hz, H-2'), 4.82 {(t {(partly buried by
H-2), 1H, CH,0H, exchangeable with Dzoy; 5.74 (4, 1H, Cﬁog,
exchangeable .with DZO)’ 5.86 .(d, 1H, H-1?) ; mass .spectrum: m/e
346 (M%), 315 (H*-CH,OH).

© Bnal. Calc. for C,yHgN,0:S,eH,0: C, 42.86; H, 5.49; N,

7-69. Found: C, 42.88; H, 4.93; N, 7.52. .

3-{R)-1-Methylcyanoethyl-3!,59-di—-0-p-nitrobenzoyl—-f-D—

arabinofurano—-[1',2%:4,5]-2-oxazolidone (334). =~ To a solution:

of compound 322‘{60 mgy.inranhydrous'pyridiae {3 ml) was added
p-nitrobenzoyl chloride (214 ng, 5 eguiv) in pyridine (2 ml).
The solution was stirred for 2 h by which time t.l.c. of the
reaction- mixture;-on.silica gel:using 2:1 benzene-ethyl acetate
as developér showed consumption of all. starting material. and
formation of a single component of Ry 0,37.‘Water {0.5 ml) was
added to the solution and the latter stirred for another . hour..
The wmixture was then. evaporated, the residue dissolved in

methylene chloride {60 ml) and successively washed with 4%
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hydrochloric acid ({2x30 ml), saturated aqueous sodiuﬁ hydrogen -
carbonate {2x30 nl) and water (3x30 -ml). The organic 1layer was
dried with sodiunm sulfate and evaporated; lea?ing a yellow .glass
(146 mg) which was chromatographed'oﬁvsilica gel (15 g). Elutioa
with 3:1. benzene-ethyl acetate gave 334 as - a white glass (124
ng, 98%);:A first fcrystallizatioag of this -glass from ethyl.
acetate—ﬁethylene -chlofide-hexanel_gave of f-white powder; Me Do .
81-820.fReérystallization from the same: solvents> resulted in

crystals melting at 86—870; [a]53'-u5.2°-(g 0.8, chloroform);

CHCl4

Viax S 2260 (C=N), 1780 -{carbanmate), 1740 ({ester carbonyl), 1615

and 1537 cm=1 (NO,); n.m.t. (100 MHz, CDCl): & 1.52 (4, . 3H,

7.0 Hz, CH,) . 2.56-3..04 {octet, 2H, J 17.0 HzZ,.

J
2a,2b 1,2
C=0), 4.1310-4.32 (pseudo-g, 1H, —cgcn3); 4.46-4.70

J¢ .
1,CH3

5.8 Hz, -CH,

(n, 3H, H-47, H-5%), 5.23 (4, W, I, . 5.5 Hz, B-2"), 5.70 (s,

?

1H’ H-B') r 6- 10 (d' ‘!H' . 31' 2' 5.5 HZ, H‘!’) P} 8-30 (m' SH' AI’) - V'

Irradiation. of the gquartet at ¢ 4.10 collapsed the octet at §
2.56 to two doublets having Jgem 16.0 Hz and the doublet at ¢
ZNCSHLCOOH).,.
Anal. = Calc.  for C24H30N40H ¢ :C, 53.33; H, 3.70; N, 10.37..

1.52 to é singlet; mass spectrum: m/e 373.0952 {M*-0O

Found: C, 53.31; H, 3.60; N, 10.06.

Conversion of compound 328 to compound 320. - A suspension

of- compound 328 (31 mg)  in 1¥ sodium hydroxide (3 ml) was
refluxed.for 5 min by thch_time tel.c. on silica gel using 5:1
ethyl ~acetaté-ethagol as develope£v showed consumpticn of ail
stafting material (R 0.56) énd formation of a‘méjér product of
Ry 0. 26. After neutralization of the reaction mixture with.Bio—
Rex 70 (HY) resin; the latter was removéd by filtration, the

filtrate -evaporated under redhcé@ pressure and £he residual
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syrup was applied to a column of Bio-Rex 70 {H+) resian . and
eluted with water, yielding compound 320 {12 mg, 40%) idemtical

by n.m.r.;and j.r. ﬁith,that.obtained from cbmpound 310. .

Unsuccessful Attempts at Hydrolysis of the Dithioacetal of

333. . - (a)‘ A mixture of 333 (7.8 mg), mercuric chloride (7 mg) -
and mercuric oxide (5.4. mg) ia 5% aqueous acetonitrile was
refluxed 'for 24 h under an  atmosphere of nitrogen. No reaction
. Was seen-by't.l.#. of the reaction mixture a(2:1,-beﬁzene-ethyl
acetate) . _ |

{b) A mixture of 333 (12.3 mg)} cupric chloride {5.7 mg)
and cupric oxide (6.7 mg) -in 99%. aqueous’ acetone ;3 .ml) - was
refluxed for 2 h ﬁith no observable hydrolysis of startiang
méterial by tel.c. | V

{c) To a solution ‘.of ' fresgly—recrystallized N-
bromosuccinimide (24.2 mg) and 2,u,é¥trimet£ylpyfidine {33 ng)
in 80% équeous acetonitrile-(z ml) was added a sclution of 333
{11 . mg) in acetonitrile (1 ml)._ After the reaction hixture had
gtirred for 10 min, t,l.c.Jshoﬁed that consumptiqn, oﬁx all
startihg sugar vhad occurred with génératiﬁn of two lower Ry
spots (S:i benzene-ethanol).  The soiution was diluted with
ckloroform (6'm1) and washed successively with saturated agueous
sodium sulfite (& nl), saturatea aqueous sodium hydrogen
carbonafe (6.ml),‘3M aquepus cupricknitrate {¢ ml) and matef
(2x6 ml) . The organic layer was dried with magnesium sulfate and
eiaporated, leavihg a crude solid - {13 mg).+ AR nr.m.r. spectrum of
this ﬁixture' in . deuterochloroféfm. did not showla lowffield
signal associatgd with ‘'the for@yl proton, indicating that

hydrolysis of 333 had not occurred. . - : y
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{d)y To a solution. of 333 (12.3 'mg) in 75% agueous
acetonitrile (2 nl) was added ceric ammonium nitrate (42 mg)..
After the solution had stirred for .5 min, t.1l.c. {5:1 benzene-

éthyl acetate) showed mainly base-line material which coculd not

be raised using more polar solvents (9:1’benzene-ethanoi).

336) . - A mixture of 333 ({43 mg) and barium .carbonate (47 mg) in
aimethyl"sulfoxide {4 ml) and water  {0.5 ml)iwds heated at 559
for 15 min. The mixture was cooled before methyl iodide was
added {1 ml). Heating of the mixture at 55° was resuﬁed for 3 h
after wﬁich it was cooled, diluted with acetomne {20 ml) and the
nixture evéporated~ to half volume to remove excess methyl
jodide. More acetone . (20 -ml) was added té precipitate the barium
salts, the’mixtu:e filtered, and the filtrate evaporated.. The
residué; dissolved in chloroform, . ¥as washed with water, the
chloroform layer was dried with sodium  sulfate and evaporated
léaviag anjbrange syrup (§§§);,n¢m.r.,(160-mﬂz, Dméofd6);5 9.45
(d, J 14.0 Hz, H-C=0).. Hithout further purification, the
foregoing syrup was diésolved in -methanol (2 ml), to which was
- added pyridine (0.5 | ml) . and 'O.Sﬁ aqueous semnicarbazide
hydrochloride {0.4 ml). The reaction mixture wvwas evaporated, the
residue dissqlved in water, ‘the latter extracted with,lethyl
acetaté, the organic: extract dried  with. sqdium suifate and
evaporated, leaving .a crude solid (47 mg) from which. the
semicarbazqne 336 (15 mg, 37% .from §§§y;was obtained in pure

form by two recrystallizations from ethyl acetateémethanol, Be.Pe .
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- 192~ 1940 [a}BB ~86.9° {c¢ 0.35, 9:1 methaﬁol-ethyi acetate) ;
4.60 (m, 2H, H-5'), 4.65-4.96 (m, 2H, H-4', -CHCH,C=0), 5.49 (4,

18, Jy 0 6.0 Hz, H-21), 5.68 (s, 14, H-3'), 6.10 (4, 1H, H-

-11), 6.37 (broad s, 2H, NH,, exchangeable with D,0), 7.23 (4,
, 2 » 2

“1H, 3, o4 3-0 Hz, CH=N), 8.20-8.50 {m, 8H, Ar), 10.23 (broad s,

KBr

1H, N-NH, exchangeable with.DZO};vmax

3450 (NH), 2270 {C=N),
1765 (carbamate),‘1735 {ester .C=0), 1690 - (NHC=0), 1585 ({HC=N-),
1615 and 1535 cm—! {NOZ).

Anal.  Calc.. for C, 49.10; H, 3.44; N, 16.04.

C._H. N_. :
| 25721 %%,

Attenmpte Synthesis of 5,6-Dihydro—6—-(1,3-dithian-2-

yl)cytidine {337). - A solution .of the unblocked 2-oxazolidone

328 (30 mg) in-anhydrous methapol kzb«mi): thaf was previously
saturated with ammonia at40°~was héated for 24 h at 160° ‘in a
sealed'glas§ tube. The :eacfion mixture .was. Céoled vand the
solveat-'évapdrated leaving a solid_fhe R.M.Te .Spectrum of which.
in DMSO—d6 ;ndiqated that it was  unchanged = starting matexial

328. .

.5-Bromo-2'.3'-Ofisggropylideneuriding {339). -~ A suspension
6f S-bromouridine®03 (g;g, 8.5 g) -and cupric sulfate (35 g) in
anhydrous acetone {1 1) ‘containing concentrated sulfuric acid ({1
~ ml) was stirred for 24 h at room temperature. The reaction:
mixture -was filtered; the precipitate was washed with acetone
{75 ml) and the filtrate was neutralized with concentrated
ammonium hydroxide: {0.2 ml)a Thé,solvent was evaporated under

reduced pressure and the residue was dissolved in hot acetone
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(200 ml) . Hexane (350 ml) was added to the solution and
crystallization was induced inm. the <cold, yielding 339 as
colourless needles in. two crops (7.9 g, 83%); m.p. 224-2279,

ilit.?bz M. p- . 231-232°, ethanol-cyclohexane).,

S-Bromo-2!,3'-0-isopropylidene—5'-0-trityluridine {340). -

A  solution . ‘of S-broﬁo—Z',3'—Q—isopropylidenéuridine {339, 7.8
g, 21.5 mmole) and freshly recrystallized chlorotriphenylmethane
(6..14 g, 22 mméle) in-anhydrqus pyridine . (150 mnl) was heated at
10029 - for 4  h. The reaction mixture was then cooled and poured
into rapidly stirring water {1200 nmrl).. Thé' wateb  layer‘ was
decanted and the' remaining .gummy precipitate vas dissoived in:
chlorqform {1 1) and washed with water.(23250 ml). The . organic.
layer was dried with. sodium sulfate,“the .solvents w®ere
eVapofated and the residue was crystallized from ether-hexane to
give 340 as colourless needles {12.5 g, 96%;, Me po . 201-202.59;
[a]53 -25.59 (¢ 1.1, chioroform);‘n-m.r (100 MHz, CDCl,)z § 1.31.

(s, 3H, CHy), 1.54 (s, 38, CH 3.40 (4, 28, J, v 3.6 Hz, H-

3’1'

5%), 4.33 (g, 1H, J 7.0 Hz, H-4'), 4.73 (dd4, 14, J ) 3 3.0

34

Hz, H-3'), 4.86 (dd, 1H,-J . .. 2.4 Hz, H-2'), 5.87 (d, 1H H-
12

’

1), 7.18-7.50 (m, 35H,lAr), 7.86 (s, 14, H-6), 39.06 (broad s,
1H, NH, exchangeable with DZO);'mass spectrum: m/e 606 (M+ fo:
Brat) , 604 (M* for Br79).

Anal. Calc. for C31H29N206Br: C, 61.50; H, 4.79; N, 4.63-ﬂ

Found: C, 61.57; H, 4.59; N, 4.90.

Synthesis of 5,6—dihydro—6-1£{—(1L3~dithiaa~2:1;1:21‘§1~0—ﬁ

— s o — — —— - — o e e

'isopropylidene—-5'-0-trityluridine. (341), 5-(S)—bromo—5,6—

dihydro—ﬁ—jSL:jl,3-dithianf2—111fg',3'—O—isopropylidene—S'ho— :
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trityluridine (342) and 5-{R)-bromo-5,6-dihydro-6-{S)-{1,3-

dithian-2-yl) -2!',3'-0-isopropylidene-5*-0-trityluridine (343). -

A solution of nucleoside gggi(s.ss gs, 9.2 mmole) in anhydfous
pyridine. (50 ml) was added dropwisevoﬁer 45 min to a so;ution'of
the dithiane anion 126 (6.9 g, 57.6 mmole) in THF (150 ml) at -
78° under nitrogen. . The deep red reaéfion.mixture was stored at
~-209 for 2&.h. The solution was then poured into a rapidly
stirred mixture of ether and.saturated‘aqueous sodium chloride
solution (800 and 100 ml, resp.), the agqueous layef was drawn
off and the organic layer washed to neutrality with saturated
salt solution. After drying of the Qrganic layer with scdiunm
sulfate and evaporatian of the soLvents, there remained a syrupy
material which was chromatographed on‘silica gel (500 g) using
"10: 1 benzene-ethyl acetate as developer, yielding cpmpound 342
as a féam (2.3 g, 35%) whicﬁ ¥as crystallized from methanol,

Mo Ps . 193-1959; Ry¢ O.thisilica gel, 4:1 benzene—-ethyl acetate);
CHCb
max
(carbonyl); ne.m.r._ {100 MHz, CDclg):ué 1.27 {s, 3H, CH3), 1.50

[<ﬂ82 —138.96 {c 0.72, chloroform): v 3400 (NH), 1720 cm1?

(s, 38, cHy, 1.73-2.01 (m, 28, SCH ~CH,) s 2.49-2.65 (m, 2H,

2

SCH,) , 2.79-2.96 (n, 2H, S—CH,), 3.17 (dd, M, I g 4.6 . Hz,

5)
J S'Olslb . 96 uﬁzl H—S’a) T 3-“5 (t' 1H' J 4" S,b 8-0 HZ, H"’Sb) r 3.99

@a, 1M, I (1.5 Hz, 4.0 -Hz, H-6), 4.13-4.35 {m, 1H, H-

| T2
4'), 4.63 (d {partially obscured by H-2m), 14, J 34 6.0 Hz, H~
3'), 4.69 (4, 1H, S-CH-S), 4.81 (s, 1H, H-2'), 5.07 (s, 1H, H-
11y, -5.12 (4, 1H, B=5'), 7.13-7.53 (m, 158, Ar), 7.86 {(broad s,
1H, NH, exchangeable‘wifh Dzo);“Irradiation of the doublet at ¢
4.69 collapsed the doublet of = doublets at §3.99 to a Broad

singlet. Irradiatiom of the mu1tip1et at 6 4.13-4.35 collapsed
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the doublet ats4.63 to a singlet while the triplet at &§3.45 and
the doublet of doublets at 6 3.17 collapsed to two doublets with

JSb 5b 9.4 'Hz; mass spectrum: n/e 726 {M* with Brsl), 724 (Mt

with Br79), 711 {u*-CH,), 481 and 483 {(M+-trityl).

Anal. Calc. for C N.O.S.Br: C, 57.93; H, 5.10; N, 3.86;

358398, 063,
Br, 11.02. Found: C, 57.59; H, 5.50; N, 3.58; Br, 10.65.

Continuned elution of the chromatography column gave
compound 343 as a white foam (0.66 g, - 10%), which. vas
crystallized fronm éarbon tetrachloride-hexane, m.p.. 1u5e150°
'(amorphoﬁs); R 0.30 ({silica gel, uflUbenzene-ethyllacetate);»
[al2e +0.840 (c 1.7;'chiorofbrm);vﬁ$§% 3400  (NH), 1720 ecm-?

{carbonyl); n.m.r. (100 HMHz, c9c13): § 1.34 {s, 3H, CH 1.52

)

(s, 3H, CHj), 1.80-2.15 (m, 2H, SCH cgz), 2.76-3.03 {m, u4H, S-

2

1cg2). 3.33 (4, 2H, I 5 4.0 Hz, H-5'), 4.06 (dd, 1g, I 26

6.0 Hz, H-6), 3.96-4.14 '(m (buried under H-6), 1H, H-

3.6
Hz, I ¢
4%), 4.50 (d, 1H, S-CH-S), 4.73 {dd, 18, J y 3 6.5 Hz, J.y -
5.6 Hz, H-3'), 4.80 (a, 1, H-S), 5.30 (ad, M, H-2'), 5-81 @,

exchangeable  with. DZO)' Irradiation of the doublet at § 4,50
collapsed the doublet of doublets at 6§ 4.06 to a doublet (J5 5

6.0 Hz); mass spectrum: m/e 711.}027.AC34H34N20 5.818r (ﬂ*-CH3).

672
requires 711.1022. |
| Anal. Calc. for C35H37N20652Br; C, 57.93; H, 5.10; N, 3.86.
Found: C, 57.59; H, 4.94; N, 3.97.
| Further elution of the column with 4:1 benzene-ethyl
acetate gave compound 341 -as a white glass {2.2 g, 37%) which

vas crystallized from carbon tetrachloride-hexané, Nep.. 138-

139°; R, 0.20 {silica gel, 4:1 benzene-ethyl acetate); Iajgz‘—
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CHC@
max
{carbonyl); . n.m.r. {100 KHZ, CDClBy:AG 127 {s, 3H, CH3),»1.49

16.7° - {c 0.6( chlorofornm) ;v 3410 (nH), 1710  cm—1.

(S' 3H, CH 1-73_2-03 (m! 2H' SCH ng)' 2-“8—2‘71 (m' 2H' H-

3) e 2
5, 2.73-2.97 (nm, UuH, 'scgz), " 3.18 (dda, 1H, J5'a,5’b 9.4 Hz,
54‘,5"0 3.6 Hz, H-5'a), 3.46 (t, 18, J.A"S"b 7.4 - Hz, H-5'b),
3.67-3.95 (m, 18, B-4'), 4.11-4.27 (n, 16, H-6), 4.61.(d, 1H,
Iy gy 6.6 Hz, H-3'), 4.70 (d, 1H, 3.216 3.2 Hz, S-CH-S), 5.09
(@, MW, Iy, 2.0 Hz, H-2), 5.24 (4, 18, H-1'), 7.13-7.53 (m,
15H, Ar).- 8;03 {broad s, 1H, Ng,-exchangeablé Wwith DZO);_maés
spectrun: m/e 646 (H*), 631‘(m+~c33),.h03 (M*—trityl). .

N.O.S,e3/2 H

357382 % %2 2
4-16A,F0uad: C' 62.72; H, S.BO;.N, 4.42-.

'Agglz calc. for C 0: C, 62.40; H, 6.09; N,

Desulfhriza;ion,gg compound 341 to give 5,6-dihydro-21',3'-

O-isopropylidene-6-{S)-methyl-5'-0-trityluridine {346) - - A
solution of the dithianyl compound 341 (132 mg) in ethanol . (15
ml) énd THF {2 ml) -was refluxed for 4 h in the presence of
freshly activated Raney nickel.,T.l.g.Aof the reaction: mixture
on silica gel wusing 3:1 benzene-ethyl ,acetate‘as deﬁelcper
showed a major fluorescent cqmpqnent of Bf 0.32 contaminated
with minor quantities of higher and lower_Rf'material. The
reéétion mixiure was‘then.filteféd, the nickel repeatedly washed
with ho£ eghaﬁol and the combined filtrate and washings
evaporated, lleaving a - crude s}rup (801 mg) which was
'chromatographed on silica gel (15 g) using 3:1 ‘Senzeneeethyl
acetate as deieloper. The major «component {346) was thus
‘isolated as a white foam which could not be crystallized (40 ng,:
37%) 3 {a]53»~32.00-(g 0.9, chloroform).; n-m~f.;{100 ﬁﬁz, CDClB);

6 1..30 (s, 3H, isopropylidene), 1.36 {d, 3H, Jg CH3 6.6 Hz CH3
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of C-6), 1.52 (s, 3H, isopropylidene), 2.32 (4, ‘14, Jgq5p 1646
Hz, JSG'G'O Hz, B-52), 2.80 (34, 1H, J5, (6.0 Hz, H-5b), 3.33
@a, 28, I g, 1.2 Hz, Iy gy 3.2 Hz, H-5'a, B-5'b), 3.84-3.98
(broad t, 1H, H-6), 4.12-4.28 (broad g, 1H, H-4'), 4.70 {(dd, 1A,

'32'3.H 4.0 Hz, 6.4 Bz, H-3'), 4.96. (dd, 1H, Jy o 3.0

Hz, H-2'), 5.46 (da, W, H-1'), 7.16-7.52 (m, 15H, Ar), 7.68

{broad s, 1H, NH, exchangeable with DZO);.mass spectrumn: m/e 527‘

{¥*-CH,)), 2.99 (M*-trityl).

3

Anal. .Calc. for C Cc, 70.85; H, 6.27; N, 5.17..

| 3283,5,0¢ %
- Pound: C, 70.68; H, 6.40; N, 5.10..

5¢6-Dihydro-6—(R)~{1,3-dithian—2-yl)uridine {347). - A

——

suspensiorn of the blocked nuéleoside 341 .{1.3 g) in 80% aqueous
~acetic acia was refluxed for}30 min, the résulting solution was
‘cooled and +the solvents renoved by repeated azeotropic
distillatiba with xyléne under reduced pressure. The résidue vas
partitioned. between .water {100 -m1) and chlorocform {50 ml), the
rchloroform layer drawvn off and the waterllayer wasv then- washed
with:'chloroform - {2x40  @l). The water 1aye;-was evaporated‘td

drynesé, the resultinag residue applied to a column of Bio-Rex 70
(H#+) cation:eichange :esin {92x2.2 cm) and the column . eluted
with - water yielding compound 347 as a foam {425 mg, 60%) which
was:  crystallized fromsméﬁhanol—ethYl aceta£e, m.p..190-1910; /Rf

0. 29 (siliéa gel, 10:10:3'benzeneeethyl aéetate—ethanol); {a]BB'
MeOH . 245 nm ('e 1700) ; c.d. . (g

max
-4,13; neme.r., {100 MHZ, DMSOth); §

=46.5° (c 0.9, methanol); A

5.23x10—4, methano})AezSO
-Cﬂ

1.90-2.20 {m, 2H, S-CH )s 2.66-3.00 (m, 6H, H-5, S-CH

27 | 2
3.50 (broad 4, 2H, J, g 3.2 Hz, H-5'), 3.71 (4, 1H, H-4Y),

2’/ 6 3.6 . HZ,

1

3.90-4.20 (m, 3H, H-2', H-3', H-6), U4.55 (4, 1H, J
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S-CH-S)y, 4.84 (t, 14, 5.6 Hz, CH_OH, exchangeable with

J5' o 2
D,0), 5.02 (d, 1H, CHOH, exchangeable with D,0), 5.25 {(d, . 14,
CHOH, exchangeable-with,DZO), 5.67 (4, 1H, Jqy o0 6.8 Hz, H-1Y),
10.42 {s, 1H, NH, exchangeable with D,0)-

Anal. <Calc. for C13H20N20652: C, 42.86; H, 5.49; N, 7.69. .

Found: C, 42.62; H, 5.54; N, 7.61. .

5,6-Dihydro-6-(B)-{1,3-dithian-2-yl)uracil  (348).. - A

solution vdf nucleoside 347 (35 mg) in 1IN .hydrochloric acid (4
ml) wvas heated at 80°»£or 4 h. The reaction mixture was £hen
cooled resulting> in the formation of colourless needles which.
vere isolated by filtration and recrystallized £from methanol,
yielding pure 348 {10 -mg, 45%), m.p. 258.5-2599; [2122 -60.4° (¢
0.2, methanol); n.m.t. (100 MHz, pn505a6):,a 1.48-2.18 (m, 2H,

S-CH;CH.), 2.58-2.98 {m, 6H, H-5, SCH,), 3.63-3.92 (m, 14, H~-

2 =2
-6), . U4.24 (4, 14, Jpg 6.0 Hz, H-1'), 7.58 (broad s, 1H, NH,
exchangeable with DZO)’ 10.08 (broad s, 1H, ©NH, exchangeable

with.DZO)-

5,6-Dihydro-6-{R,S)-formyl—2*,3%-0-isopropylidene-5'-0~

trityluridine (349) {(as semicarbazone 350). . - A mixture of

nucleoside 341 f380 mg), barium carbonate (325 mg) and amethyl
iodide (2 ml) ih 15%'aghe6us acetoné {17 ml) .was heated at 559
for 48 h. The cooled mixture was then- filtered to remove the
‘batium saits,‘ the filtrate evaporated and the residue vas
dissolved in chlorofornm (ZOO-mlj-[The chloroform solution was
washed with. Qater“ {3x40 ml), dried Qith.sodium sulfate and
‘evaporated, leaving a pale yellow syrup which, without further

purifiéation, was dissolved in. methanol {10 ml) and pyridine
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(0.5 ml) before. addition of 0.5 M aqueous semicarbazide
hjdrochloride {1 ml). The: solution: was then heated on a stean
bath for 10 min, the solvents evaporated, the residue suspended
in ethjl ,aéetate {75 ml) and:wéshed“with water {3x20 ml). The

organic layer was dried with sodidm sulfate. and evaporated,
leaving avcrude“syrup which was purified chromatcgraphically on
'silica gel {30 g) using 9:1. benzene-ethanol a$ developer
yieiding the semicarbazone 350 (100 -mg, 30% from 341) as a solid
ahich.-was recrystalllzed twice from toluene-hexane, m.p. K 160~
162°§ R¢ 0.22 (silica gel, 9:1 benzene-ethanol); {a}23 +23.5° (¢
0.84, methanol)svCHCl  3u95 (mm,), 3300 (-wm), 3210 (co-wn-
C0), 1725 {pyrimidine C=0), 1700 (~CONH2), 1640 {(C=N), 1590 .-cmn—!?

{(amide II); n.m.r (100 MHz, CDCl.,): 6§ 1.30 {s, 3H, CH3), 1.54 .

3)

(s, 38, CHy), 2.56 (dd, 1H, Jgg 6 6.0 Hz, J 17.0 Hz, H-5a),

5a 5b
2.86 {@, 1H, JSb 5 0 Ez, H-5b),- 3 33 (broad s, 2H, H-5%), 4.5

{4, aH, 3.0 Hz, H-4v), u.q7fu-36 {m, 3H, H-2', H-3?', H-

31' Al
6), 5.99 (d, M, Iy, 4.0 Hz, #-1'), 6.06 (broad s, 2H, NH,,

exchangeable witthZO), 6.98 (4, 1H, J 10.0 Hz, CH=N), 7.12-

101‘ 6
7.50 {(m, 15H, Ar), 9.12° (broad s, 1H, NH, exchangeable with
Dzo;, 10.31 {(broad s, 1H, NH, exchangeable with DZO)r

Anal. Calc. for C «1/28.,0: C, 63.67; H, 5.79; N,

| 33835859y 2
11.25. PFound: .C, 63.64; H, 5.68; N, 11.16.

Debromination of compound- 3&2 to give compound 341. - A

solution of compound 342 (140 mg) -in ethanol (10 ml) and THF ({2
ml) containing freshly activated Raney nickel was heated at 90°
for 1 h.’T,l,c. of the reaction mixture on silica gel using 4:1
beﬁzene—ethyl acetate as dJeveloper showed that a single new

compound of Ry 0.20 had formed. The reaction nixture was
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-filtered; the nickel washed repeatédly4vwith ethanol, the
combined filtraté and wa shings evapotated and the residual syrup
chromatographed on silica gel . {17 g).,Elution-gith 4;1 benzene-
ethyl acetate gaQe compound 341 as é foam (54 mg, 44%); [a]53 -
13.0° (¢ 1.0, chloroform)f,The i.r.;jn,m,r,,andvmasS spectra of
341 obtained from 342 were identical to those of 341 obtained

directly from 340. .

bebromination of compound 3u3ugg~g;gg compound -341. - When
compounq 343 (100 mg) was treated ﬁith Raney nickel in;a manner
identical to that of'compound,ggg, compound 341 was obtained (30
ng, 33%); '[a]E3 -14.2°- (c- 0.95, chloroform).. Cbmﬁound 341
obtained by this route ﬂés identical by R¢ and n.m.r. as that

obtained from compound 342 and compound 340. .

6-Formyl-2',3'-0-isopropylidene-5'-0—trityluridine {351 -

and 6-formyl-2',3'-0-isopropylidene-3-methyl-5'-0-trityluridine

i§§31ligggggcterized as the semicarbazones 3 5 2 - aad 3.5 4.,

respectively) from compound'3 4 2 . - A mixture of compound 342

4(300 mg) , barium carbonate (660 mg), methyl iodide (1 ml. addéd
at 12 h. intervals)i and dimethyl  sulfoxide (1.5 ml) -in 10%
| aqueous acetone (17 ml) was heated at 55° undef Aa. nitrogen
atmosphére for 72 he. T.l.c. of the reaction mixture on silica
gel using 4:1 benzene-ethyl acetate showed cbmplete consumption
of starting material with the formation of two components of Rf‘
0.13 and 0.23 (compounds 351 and 353, respectively). The
reaction mixture was worked—-up as before {see comgcund 349),
leaving a yellow'syrup, n.mfr._(ioo MHZ, CpCly): 8§ 9.53 (s,

CH=0). Without further purification, the aldehyde was treated
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‘with,semicarbaiide'hydrochloride as before {see compouﬁd 350).
In this <case, two 'Semicarbazones were formed which were
4séparated by preparative t.l.c. on silica gel using 15: 1.
benzene-ethanol as developer. . The slower‘moviﬁg component was
" shown to be compound 352 {22 mg from 48 mg of crude -6~aldehyde;
41%) which was .crystallized from ethanol-benzene-hexane, M.p.
211=212°; R, 0.21 (silica gel, 9:1 benzene-ethahol}: [a]éz -
17.520 (¢ 0.51, acetone);vgﬁg§, 3540 (NH,), 3400 (NH), 3200
. {NH), 1700 {broad C=0 stretch), 1580-1620 cm—1 {complex pattern,
- C=C, C=N, amide II); nfm.t. {100 #Hz, DMSO-dG): § 1.04. (s, 3H,
CHy), 1.26 (s, 3H, CH,), 2.73-3.42 (n, 2H, H-5'), 3.78-4.02 (m,

1H, H-4'), 4.48 (broad t, 1H, 5.0 Hz, H-3'), 5.00 {d, 1H,

AJ3CU
J g 6.0 Hz, He2~),'5.96 {s, 2H, H-5, H-1'), 6.56. {(broad s,

26, NH, exchangeable with D,0), 7-06-7-30 (m,.1sa, ar), 7.56
(s, 1H, -CH=N), 10.54 (s, 1H, NH, exchangeable with DZO); 11.20 -
{s, 1H, NH, exchangeable with DZO)-
| Anal. Calc. for c33333x507~3/2320:' C, 63.87; H, 5.48; N,
11.29. Found: C, 63.85; H, 5.42; N, 11.19..

The faster running component (compound 354) was obtained as
a solid (7 mg, 13%), MepPa. 21302150, which . could not be.

crystallized owing to the  formation: of a gel in organic

solvents; Ry 0.30 {silica gel, 9:1 benzene-ethancl); [u]é3 -5.6°

CHCI
max 3

1700 (éyrimidine c=0), 1675 {(anmide C$O), 1620~1565‘c.m°1 {complex

{c 0.23, methanol); v 3540 (NHZ)' 3375 (NH), 3200 {NnH),
pattern due to C=C, C=N, amide II); D.m.T. (100 MHz, DHSO-dg)z 6
1.28 (s, 3H, CHy, 1.48 (s, 34, CH;), 2.98 (s, 3H, N-CH,), 3.00-

BQSQ‘ {m {obscured by water peak), 2H, H-5'), 4.00-4.34 {(m, 1H,

‘ 21'3/

A=-4v), 3.77‘(broéd t, J3,A,’ 5.0 -Hz, H-3'), 5.24 (@, 1H, J
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6.0 Hz, H-2'), 6.26 (s, 1H, H-1'), 6.34 (s, 1H, H-5), 6.80
{broad s, 2H, NHZ'
" ar), 7.80 (s, 1, CH=N), 10.82 {s, 1H, NH, exchangeable with

exchangeable with D,0), 7.20-7.6C {m, 15H,

DZO); mass Spectrum: n/e 567 {Mt-acetone), 539 (M*—CH=NNHCONH2),
415 {M*-base), 382 {M+-trityl)..

'Agg;;,Celc,Afor C3AH35N5070H20:. Cc, 63.45;. H, 5.75; N,
10.88. Found: C, 63.87; H, S5S.:47; N, .10.58.

Compounds 351 and 353 {characterized as semicarbazones 352

and 354, respectively) from compound 343. - Treatment of 343

- {136 mg) with methyl iodide in the same manner as described for
compound 342 gave, after formaticn and purification of the
semicarbazones, compound §§;<(3u mg, 30%); m.p. 209-2119; [a]63'
.-19.49.(g‘0.9,Iacetone)a;The 3@' iere, and MN.M.T. spectta Wwere
identical to those obtained for 352 derived from 342. | |
Semicarbazone 354 was also isolated (6 mng, 5%), m.p-.209-

2140; [a]EB--u-O° {c 0.:25, methanol). The R¢ and n.m.r spectrunm

of 354 were identical to those described previously..

—Hydroxymethyl—-2',3'-0-isopropylidene-5'-0O-trityluridine
vi§§§l=,- To a solution of theié—aldehyde 351 .(232 mg) -in ethanol
(8 ml) was added dropwise a solution of sodium borohydride (20
mg)_in-ethanol (4 ml) . The reaction mixture was stirred for 1 h
at room temperature, concentrated to one-third volume under
- reduced pressure, diluted with ether (150 ml)  and successively

vashed with: 1N"hydrochloric‘acid {2x20 ml), saturated agueous
sodium hydrogen carbonate (2x20 ml) and water (3x15 @ml). The
'ether layer was then dried over.éodiuﬁ sulfate and evaporated to

afford a clear syrup (202 mg). Boric acid complexes were removed
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from this ctude product by repeatedly dissolving it in methanol
and evaporating ;it under reduced pressure. The - svrup thus
obtained was chromatographed on silica gel,{60 g) using 1:1.
bénzene—ethjl acetate as developer. The compconent of Ry 0.21
{355) was 1isolated as a colourless 0il which could not be
crystal;ized {168 mg, 72%) ; {a]63’+3u.31°-{g 0.73, <chloroform);
| v%ﬂ&h 13600-3300 (broad, OH), 3420 (NH), 1700 {C=0), 1610 cm—*
(veak C=C); m.m.r. (100 WHz, CDCly)z § 1.26 (s, 3H, CHy, 1.50
(s, 3H, CHy), 1.5 (s, 18, OH, exchangeable with D,0), 3.16 (ad,
HH, J,' 5 4.0 Hz, Jg'a.5b 9.6  Hz, Q—S“a), 3.44 a4, 114,
J,’:'S'b' 8.0 Hz, H-5'b), 4.22-4.38 {m, 1H, H-4'), u_.58 (s, 2H,
CEZOH,, changes to doublet with JgeN\6-4 Hz upon additicn of

D,0), 4.72 {dd, 1H, J » 3 7.0 Hz, . 4.0 Hz, H-3%), 5.15

Jd 3,‘ L |
(4, 1H, H-2'), 5.74 {s, 1H, H-1%), 5.86 .{s, 1H, H-5), 7.12-7.50
(n, 15H, Ar), B8.06 {(broad s, approx. 1H, NH, exchangeable with.
DZO); mass spectrum: .m/e 541 1H*—CH§), 313 (M*-trityl), 126 (H*
base) .

ggglz,Calc.\f?r L32H32N207
4.96. Found: C, 68.10; H, 5.73; N, 4.93.

01/2H20: ¢, 67.96; H, 5.84; N,

6-Hydroxymethyluridine 135611; -~ A solution of the blocked
nucieoside‘§§§ (68 mg) ih 80% aqueous acetic "acid (3 ml)  was
reflﬁxed for 25 min, cooled and evaporated. Traces of acid were
renoved by azeotropic distillation with =xylene at reduced
pressure. The ‘résulting crudé s0lid was suspendedvin vater (30
ml) and washed with.chldroform {3x15 ml). The water layer was
then concentrated, applied to a éolumnaof Bio-Rex 70 (H*) cation
exchange resin {30x1.65 cm) and eluted with .water yielding the

‘unblockedﬁﬁucleosidev§§§ as a clear syrup (23 mg, 69%); {aJBB -

i
;
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31.89 (c 1.5, methanol);kmigH 258 nn (€ 6080) ; n-m-r. {100 HHz,

4.02-4.21 (m, 1H, collapses to a triplet upon addition of D,O,

2

? of C-6), 4.50—-4.71 . (m,

2H, partly exchanges with.DZO leaving 44, 32'31’ 6.0 Hz, Jype

3y, 6.0 Hz, E-31), 4.39 (s, 2H, CH

4.0 Hz; H42’, c-5', OH), 4.92 (4, 14, OH, exchangeable Wwith
D,0), 5-16 (d, 1H, exchangeable with D,0), 5.41 (a4, 1H, H-1Y,
5.75 ({broad s, 2H, partly exchanges with DZO leaving a sﬁarp

singlet, H-5, CH,0H of C-6), 11.29 ({broad S, 14, NH,

2
exchangeable with D,0).
Apal. Calc. for C10H14N207~1/2H20:, C, 42.40; H, 5.30; N,_

' 9.89. ,Found: €, 42.66; H, 5.21; N, 9.75..

6-Hydroxymethyluracil {357). - A solution of nucleoside 356

(15.mg).in 1% hydrochloric acia.(z ml) was heated at 90° for 12
h, cooled and neutralized wvwith an excess of solid barium
carbonate. The ﬂndissolved salt was removed by filtration, the
‘filtrate was evaporated to dryness and the crude residue
chromatographed on a column of Bio-Rex 70 (H*+) resin which. was
devéloped wiih‘ wvater. The first component to be eluted was
ribose which. was <characterized by chromatogfaphy on No. 1
Whatman - paper..(descending elution . using water-saturated n-
butanol) against authentic ribose (R 0,17; alkaline silver
nitrate deteqtion). -Continued elution:of the resin coluna .gave
lcompound 357 as a white powder ({6 nmng, 76%) which Jas
crystallized from water, m.p. 269-270° (decoﬁp;); (lit‘?ls Mepe
2749y ; - n-m.;.,(IOO MHz, DﬁSO-d6): 6'9,19 {s, Z2H, ng), 5.50 ié,
18,'H~5); 10.60-11.0& {hroad band, approx. 2H, NH, exchanges

with D,0), (lit.#18 n.m.r. (60 MHZ, D,0): & 4.17 {CH,) I-.
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Attempted Synthesis of 6-{2,4-diketotetrabhydroimidazcl—-5-

yl)-21',3'-0-isopropylidene-5'-0-trityluridine (358} . - & mixture

of the crude - 6-carboxaldehyde 351 (80 ng) . freshly-
recrystallized ammonium carbonate {56 mg), and sodium cyanide
(37 mg) iﬁ‘methanol {10 nl) and diméthyl sulfoxide {1 ml) was
stirred under 50 p.s.i..of carbon .dioxide at 23° for 2 h and
then at 65° for 14 h. The solution. was then  evaporated under
reduced preésure, the residue was suspended in water»(io ml) and
the mixture wvas brought to pH 6-7 with 1N hydrobhléric acid. .The
wvater was extracted with ethyl ‘acetate. {3x10 ml) and the
combined organic extracts were washed with water (10 ml). Drying
of the organic layer with sodium sulfate and evaporation. of ihe
solvents left‘_a crude‘ orange syrup'tﬁe.t.l.c- {9:1 beanzene-
.‘ethanol),of'which.shoued the presence of at least six different

components which were not pursued. .

E~ CQE -  Z2-6-[ {2-Carboethoxy-2-cyangjethylidene ]-2!,3!'-0-

isopropylidene-5'-0~-trityluridine {358) and E or  Z-6-[ {2-

‘carboethoxy-2-cyano)ethylidene }]-2? ,3%=0-isopropylidene-3—methyl-"

5'-0O-trityluridine {360). - solution of the crude

A
carboxaldehyde mixture {351 and 353, 1.42 g), ethyl cyanoécetate
(263, 3.5 ml) and ammoniﬁm acetate . (20 mg) - in anhydrous N,N-
dimethylformamide '(50 ml) was stifred at room temperature under
nitrogen for 2 h. .The .reaction mixture was then diluted with
ether (BOOfml) and washed with water {3x40 ml). The ether layer
vas dried {magnesium sulfate) ard evaporated leaving a yellbu
syrup which was chromatographed on silica gel (200 g) using 5:1

benzene-ethyl acetate as developer. The faster. moving minor

component was shown tc be 360 {168 mg, 10%) and was crystallized
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from ether-hexane, m.p. 104-1050; (0137 +2.79° (¢ 0.61,
chiloroform); Rf 0.35 (silica gel, . 4:1. benzene-ethyl acetate);
' vgaé - 1745 (ester C=0), 1725 (pyrimidine C=0), 1680 (pyrimidine
C=0), 1630 cm—1.{C=C); n<m.r. {100 MHZ, cocly): § 1.31 (s, 3H,
cﬁ3), 1.44 (t, 3H, JCH?CF@ 7.2 Hz,'CHzcg3), 1.54 (s, 3#, CH,),

3.14 (s, 3H, N-CH 3.26 jaa, 1H,‘34x5h 4.0 Hz, Jsh,sb 16.5

3):
Hz, H-5%'a), 3.46 (;t,, 1H, JA',S'b 8.0’»HZ, H-5%Dh), 4.25-4.50 {m,
1H, H-4'), 4.46 (g {partially obscured by H-4%), 2H, CH,CHq) 4 -
4.81 (dd, 1H, 3223' 6.0 Hz, J 3 4 4.0 Hz, H—j'), 5.18 {4, 14,
H-2'), 5-44 (s, 14, H~1’$, 6.20 -{s, 1H, H=5), 7.18-7.60 -{m, .15H,
Ar), 8.12 (s, 1H, CH=C-CN); mass specfrum: m/e 663 (M*), 6u8
(H*-CHy), 420 (W*+-trityl), 415 (H*-base).

Agglzséalc.ifor.C38H37N308~1/2320: c, 67.85; H, 5.65; N,
6.25. Found: C, 68.21; H, 5.49; N, 6.16.

The major and slowver moving component, compound 359 was
isolated as a foam {0.63 g, 38%)-ana crystallized from ether-
hexang, m.p.,122-&23°; [a]B3 #0.18° {c 1.1, chlorocform); Rf 0.16
.(§ilica gel, 431 beﬁzene—ethyl acetate);vﬁ&& 3420 (NH), 3200
(NH) , 1725 (ester C=0), 1715 (pyrimidine C=0), 1705 (pyrimidine

'c=0), 1635 cm—! (C=C); n.m.r.. (100 MHz, CDCl,): § 1.26 {s, 3H,

3)

,~CHj) s 1.52 (a4, 3H, CHy),

3022 ((dd' 18, Jz" 5'0 5‘0 HZ, JS’G S'b 10-0 HZ' H-S'a) ’ 3-40 : (t'

{partially obscured by H-4'), 2H, CH 4CH3), 4.71 (da, 1H, Jé'3r

2 :

6.8 Hz, J ., 3.6 Hz, H-3%), 5.12 (d, 1, H-3'), 5.36 (s, 1H,

3,4
H-1'), 6.08 (s, 18, H-5), 7-14-7.54 {m, 15H, Ar), 8.05 (s, 1H,
CH=C-CN), 8.82 (s, 1H, VNH, exchangeable with DZO); mass

spectrum: wm/e 649 (M%), 635 (M¥-CH3), 415 {A*+-base), 406 {M*+-
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trityl) ..
Anal. Calc. for C37H35N3O8: C, 68.41; H, 5.39; N, 6.47..

~ Foumd: C, 67.95; H, 5.36; N, 6.19.

Q:Ligzig or SL~Carboethdxy—g—acetam;domethyllethyljfg'L3'—

O-isoprogzlidene—S'-O-t;itylgridigg,i;éltzf— A solution of - the
cyand derivative 359 {150 mg) in .anhydrous acetic anhydride (20
'ml) was hydrogenatéd at 50 ‘p.s.i. .at room temperature for 20 h
: ih= the ptesénce iof platinum  oxide {20 mg) as catalyst. The
reaction mixture was then diluted with chloroform {150 - ml) . and
-filtered ‘through a Celite pad to remove the catalyst. The
" filtrate was evaporated under reduced pressure, and traces of ‘
acetic .’anhydride were removed by répeatea aZeotIopic
distillationé with toluene. The residue was then . applied to a
column - df silica gei {30 g), the column .developed with 9:1
benzene-ethanol and the component of Ry 0.29 was isolated as ' a
white foam (80 mg, 50%); (a]63' #2.97° (c 0.8, chloroform);

n.m.r. {100 MHZ, CDC13): § 0.92-1.28 {(m, approx. 6H, CH,CH,, CH,

3
of isopropylidene), 1.40 {4, approx,fBH, ng of‘isopropylidene)f
1.80, 1.90, 1.95 (3s, 3H, N-Ag), 2.32-3.62 {(m, approx. 7TH, H-5',
CH

cgcgza,‘3.82-u.37 (n, 3H, H-4', CH,CHy), 4.62-4.74 (m, 1H, H-

2 2
3'), 4.94-5.28 {m, 1H, H-2'), 5.64 (s, 1H, H-5), 5.70 (d, 1H, H-
1), 5.85 (broadvs, 1H, NH, exchangeable with Dzé), 7.08-7.48
{m, approx.. 15H, Ar), 8.10 (broad s, JH,'Ng,»exéhangeable with
A DZO): mass speétrum:, n/e 697 (M%), 682 (mf—CHB), 454  (M¥-
trityl). A signal was also seen at m/e 709 indicating partial
saturation of the trityl group. . | |
igggl: Calc._fof C39343N309:‘C, 67.14; H, 6.17; N, 6.03..

Found: C, 66.88; H, 6.47:; N, 5.80.
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6-[(2-{R or S)-Carboethoxy

(362). - A solution of the blocked nucleoside 361 (80 mg) in 80%
aqueous . trifluoroacetic acid (4. ml) was Stirrea at roon
temperature "for 15 min. The yellow solution was'theﬁ diluted
with methanol (30 ml) and toluene (100  ml) and evaporated to
near dryness under’reduced préssure.kAzeotropic evaporation with
toluene was repeated (5x30 ml) in order to remove traces of
acid, yielding finally a  «clear .syrup whicﬁ vas purified by
chromatography 6n a column of Bio—Rex 70'(H*) resin.(29x1‘7‘ci);g
Elution with. water afforded the pufe nucleoside derivative 362

as a sycup {34 mg, 72%); [a]BJ =19.1° {c 1.4, methanol); R; 0.16

MeOH

max 260 nm (e

{silica gel, 5:1 ethyl acetate-ethanol);a

12,540); c.d. (c u.3x10—5, waterrAe260 -0.29; n.m.r. . {100 MHZ,

DMSO-d¢): § 1.21 (t, 3H, J 7.0 Hz, cazcg3;, 1.87 (s, 3H, NHAc),

2.87 (broad s, 3H, CH,CHCO,), = 3-23-3.89 (m, 58, H-5', H-4',

CH,NH), 4.4 (q, 3H, CH,CHy, H=3"), 4.55 (da, 18, J; y 6.0 Hz,

273"
‘5 4.0 Hz, H-2'), 4.73 {t {partially obscured by H-2'), 1H,

]

Iy

cazog, exchangeable with . DZO)' 5.01 {broad s, : 14, OH,
exéhangeable with DZO), 5.23 (broad.s, 1H, OH, exchangeable yith
DZO), 5.43 {pseudo—-t, 1H, B-1'), 5.55 {s, 1H, H-5), 8.08B (d,-iﬁ,
NH-Ac, exchangeable wi£h D,0), 11.39 (broad s,: 1H, NH of
pyrimidine, exchangeable with DZO); mass spectrum: m/e 283.11860. .
Cy, Hyg N40g (BH+) reguires 283.1168. . |

Anal. Calc. for C17H25N309'H2
Foundz: C, '47.03; H, 6.00; N, 9.11.

0: C, 47.11; H, 6.23; N, 9.69.

6-[ 3-Amino-2-{R or S)-carboxypropyl Juridipe (363).. - A
solution of compound 363 (20 mg) in conceatrated agueous barium

hydroxide (2 ml) was refluxed for 6 .h. The solution wds cooled
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and neutralized with dilute sulfuric acid. The  precipitate of
barium .salts was removed by filtration;. the filtrate -wvas
evaporated and the residue was chromatographed on a column  of
Bio-Rex 70 (H*) resin (30x2.5 cm). The coluﬁn’waé developed'wigh.
water and the ninhydrin-positive fractions were combined
yielding 363 {13 mg, 56%) mainly as its barium salt; [d]BJ -
25.5° (c 0.8, water);_ﬁ%ﬁlIZGO (€7,000), 254 {& 7,900), 248 nnm
(e: 7,500); c.d.. (c 1..07x10-3, water)le, ~0.02; n.m.r. {80
MHz, DMSO-dg): & 1.20 (d, 2H, J 7.0 Hz; CHZ), 1.25 (m, - 2H,

CH,NH 0 with J 9.0

2° 2" 2

Hz), 3.25-3.60 (m, 2H, H-5'), 3.85-4.25 (m, 3H {(after DZO

additiom), H-3', 2', 11), 4.40 (s, 14, H-5), 4.10-4.80 (broad

collapses to doublet upon addition of D

band, OH, exchangeable with D,0), 6.50, 7.15, 7.80 (s, 3H, NE,
exchangeable with.DZO); mass specfrum:.m/e 346 (MHBE*t). .

Anal. Célc. for C13H1808N3Ba: C, 32.41; H, 3.74; N, 8.72..
Found: C, 27.15; H, 5.04; N, 3.33.

When compound 363 was stirred for 10 min in water in the
presence of Dowex 50W-X2 strongly-acidic cafion éxchaﬁge resin,

‘no ninhydrin-positive material was recovered.



1‘ .

2. 

3. .

9.

10. .

M.

12. .

13.

14,

15.

16.

17. .

18.

210
VI BIBLIOGRAPHY

E. Vongerichten, Liebigs Ann. Chem., 318, 121 (1901)..
0. Th. Schmidt, Liebigs Ann. Chem., 483, 115 (1930)...

E. Fischer and XK. Freudenberg, Ber. Dtsch. Chem. Ges.,
45, 2709 (1912). ' :

,Th. Schmidt and K. Heintz, Liebigs Ann. Ckenm., 476,

e Mayer, W. Kunz and F. Loebich, Liebigs Anrn. Chen.,
688, 232 {19%65). -

R.U. Lemieux and M. L .Wolfrom, Adv. .Carbohydr. Chenm., 3,
337 (1948)._ ‘ :

H. Grisebach and R. Schmid, Angew. Chem. Int. Ed., 11,
159 (1972)..

J.S. Brimacombe, Angew. . Chem-,Int._Ed., 8, 401 (1969)..

H. Umezawa: Recent Advances in: Chemlstry and Blochemlstrx

of Antibiotics. Microbial Chemistry Research. FoundatlonL
Tokyo, 1964, p.. 67.

S. Hanessian and T.H. Haskell, in H. Pigman .amrd D.

 Horton: The Carbohydrates,-2nd Edit., Academic Press, New

York, 1976, Vol IIA, p..139..

’

S.D. Géro, A.M. Sepulchre, and A. Gateau-Olesker, Biol.

Med., 4, 67 (1975).

P. A. Kuehl, Jr., E-.H. Flynn, N.G. Brink, and K. , Folkers,
J. Am. Chem. Soc, 68, 2679 (1946).

R.B. Duff, Biochem. J., 94, 768 (1965).

{(2a) D.A. Hart and P.K. Kindel, Biochem. J., 116, 569

(1970) .

{b) ibid., Biochemistry, 3, 2190 (1970).
E. Beck, Z. Pflanzenphysiol., 57, 444 {1S67) .
C.C. Kuenzle, Biochem. J., 119, 411 (1970)..

J.J:,?ox, K.A. ,Watanabe, and A. Bloch, Progr. Nucl. Acid
Res. Mol. Biol., 5, 251 (1966).. . '

{a) R.F. Nutt and E. Walton, J. Med. Chem., 11, 151.
{1968) . ' _



19.

20.

21.

22. .

23.

24.

25. .

26.

274
26.
29.
30. .
31...
32. .

33. .

34,

35.

36.

37.

211

{b) E. Walton, S.R. Jenkins, R.F. Nutt, and F.W. Holly,
J. Med. Chem., 12, 306 (1969).. : .

Re.Je. Suhadolnik, Nucleoside Antibiotics, ¥Wiley

{Interscience), New York 1970,

JeS. Buton, ¥.G. Overend, and N.R. ®Williams, J. Chenm.
Soc., 3433 (1965).,

R.A- Raphael :and E.Mt Roxburgh, J. Chem. Soc., 3405
(1955) ., ‘ _

A. K. Ganguly, 0.2. Sarre, and H. Reimann, J. Am. Chen.
Soc., 90, 7129 (1968).. ' '

A.K. Ganguly, 0O.Z%Z. Sarre, and S. Szmulewicz, J. Chem.
Soc. Chem Commun.,. 746 {1971) .. '

Weld. Szarek in, MTP International Review ofAScienceL
CarbohgdratesL G.0. Aspinall, Ed., Vol. 7, Butterworth

London, 1973, p. 71. .

R. F. Butterworth and S. Hanessian, Synthesis, 70 {(1971)..

WH.G. Overend, Advan. Chem. Ser., 74, 141 (1968) .

A.D.AEzekiel; #.G. ,Overend, aad N.R. Williams, Carbohydr.
Res., 20, 251 (1971).. o

B. .Flaherty, W.G. Overend, and N.R. Williams, J. Chen.
Soc., 398 {1966). . '

R.D. Rees, K. James, A.R. Tatchell, and E;H.,ﬁilliams, Ja
Chem. Soc. C, 2716 (1968). : :

H.P. Albrecht and J.G. Moffatt, Tetrahedron Lett., 1063
(1970)-,~ :

A. Rosenthal and K.S. _Ong, Can.. J. Chen., 48, 3034 .
{(1970) .

A. Rosenthal, K.S. Gng, and D.A. Baker, Carbohydr. Res.,
13, 113 (1970) .. - '

W.P. Blackstock, C.C. Kuenzle, and C.H. Eugster, Helv.
Chim. Acta, 57, 10G3 {1974).

R.D. King, W.G. Overend, J. _ ¥Wells, and N.R. ¥Williams,
Chem. Commun., 726 {1967). .

J.H. Bourgeois, Helv. Chim. Acta, 56, 2879 (1973). .

A. Rosenthal .and G. Schdllnhammer, Carbohydr. Res., 15,
421 {1970).

A. Rosenthal and M. Ratcliffe, Carbohydr. Res., 39, 79



212

{1975).
38. A. Rosenthal and L. Nguyen, Tetrahedron Lett., 2393
{(1967) .. ‘ .
39. A.,Rosenthél and M. Sprinzl, Can.,6 J. Chen., 47, 4477 .
{1969) ; 47, 3941 (1969); 48, 3253 ({1970().
4la A. Rosenthal and D.A. Baker, Tetrahedrocn lett., 397
{(1969). .
41. ‘A. Rosenthal and L. Nguyea, J. Org. Chem., 34, 1029
{1969) . . :
42, . J.M.Jd. Tronchet, J.M. Bourgeois, R. Graf, and J.
Tronchet, C.R<+ Acad. Sci. Paris C 269, 420 (1969).
43, JeMeJ. Tronchet and J. M. Chalet, Helv. Chim. Acta, 53,
' 364 {1970). ) :
44. J-N.J. Tronchet and J. Tronchet, Carbohydr. Res. 33, 237
‘ {1974) . - ‘ .
45. G.B. Howarth and J.K.N. Jones, Can. J. Chem., 45, 2253
o (1967) . . ,
46. E.H;?Williams, Ha Aa Szarek .and J.K.N. Jones, Can. J..
Chem., 47, 4467 (1969).
47. . M. Sharma and R.K. Brown, Can.vJ. Chenm., 46, 757 (1968)...
48. . A.A.J. Feast, W.G. Overend, and N.R. Williams, J. Chen.
Soc. . C, 7378 (1965). . ‘ :
49. N.R. Williams, Advan. Carbohydr. Chem. Biochem., 25, 109
(1970) .. :

50. N.R. §illiaums, Chem. Commun., 1012 {1967) .

51 L.I. Kudryashov, M.A. Chlenov, and N.K. Kochetkov, Izv.
Akad. Nauk SSSR Ser. Khim., 1, 75 ({1965).

52. . A. Rosenthal, Advan..Carbohyd:.uChem., 23, 59 {(1568) ..
{1968) . :

54, A. Rosenthal and A. Zanlungo, Can. J. Chem., 50, 1192
(1972) ., ' ’ ,

55. ., k.;Isono, K. Ashahi, and S. Suzuki, J. Am. Chem. Soc.,

91, 7490 (1969).

56. . T.G. Yun and T. leal, Nlppon Shokubutsu Byorl Gakkaiho,
34, 109 . {1568) . .



57.

58.

59.

60. .

61.

62-

63.

64

65.
66.

67. .

68.

69.

70. .
71.
72.
73. .
T4,

75a

76a

213

A. Endo and T. Misato, Biochem. Biophys. Res. Commun.,
37, 718 {1969) . ‘ -

J. Eguchi, S.Sasaki, N. Ohta, T. Akashiba, T. Tsuchiyama,
and S. Suzuki, Ann. Phytopathol. Soc., 34, 280 (1968).

A. Kornhauser and D. Keglevic, Cérbohydr. Rés., 113, 407
(1969)- . : '

J.C. .Irvine and A. Hynd, J..Chem. Soc., 39, 161 {1911)..
H.. von Euler and K. Zeile, Ann., 487, 163 {1931)..
M. Bergmann and L. Zervas, Chenm. Ber., 65, 1201 ({1932). .

D.G. Doherty, E.A.[Popenoe,:and K.P;\iiﬂk, J. Am. Chem. .
Soc., 15, 3466 (1953). . '

F.J.M. Rajabalee, Synthesis, 318 (1971).'

T. Naka, T. Hashizuma, and M. Nishimura, Tetrahedron
Lett., 95 (1971).

N. P. Damodaran, G.H. Jones, and J.G. Moffatt, J. Am. .
Chem. ,Soc., 33, 3812 (1971 ..

H. ,Ohrui, H. Kuzuhara, and S. Emoto, Tetrahedron lett.,
4267 (1971). . .

A. ,Rosenthal and K. Shudo, J. Org. Chem., 37, 4391

A. Rosenthal ‘and C. Richards, Carbohydr. Res., 29, 413
{(1973) . .

A. Rosenthal and C. Richards, Cafbohydr.,Res-, 31, 331
(1873) .

A. Rosenthal, C.M. Richards, and K. Shudc, Carbohydr.
Res., 27, 353 {1973).. ‘

A. Rosenthal and B. Cliff, J. Carbohydr. Nucleos.
Nucleot., 2, 263 (1975)a. .

A. Brink, J. Coetzer, A. Jordaan, and G. Lourens,

Tetrahedron Lett., 5353 {1972)..

- A. Brink and A. Jordaan, Carbohydr. Res., 34, 1 (1974)..

K.,Bischofberger, A.J. Brink, 0.G. de Vill;ers; R.H. .
Hall, and A. Jordaan, J. Chem. Soc. Perkin Trans. 1, 1472
{1977) . ,

A. Rosenthal and K. Dooley, Carbohydr. Res., 60, 193
(1978) .



17+

78.

79.

80.“

81. .

82.

83.

84..

8.
87. .
88.
89. .
90.

91. .

92. .

94,

95..

214

A. Rosenthal and A.J. Brink, Carbohydr. Res., 46, 289
(1976) .. ’ ’ '

K. .Ogura and G. Tsuchihashi, J. Am. Chem. Soc., 96, 1960
(1974) . - ‘ '

H.L. Hoyer, Ber., 83, 49% (1950)..

Ha Yamagisawa, M. Kinoshita, S. Nakada, and S. Unmezawa,
Bull. Chem. Soc. Jap., 43, 246 .{1970) . '

F. Lipmann and N.O. . Kaplam, J. Biol. Chem., 162, 743
(1946) . ' :

T.C. Chou and F. Llipmann, J. Biol. Chem., 186, 89 (1952).

M. Waite and S.J. Wakil, J. Biol. Chem., 238, 81 {1963).

J. Knappe, E. Ringelmann, and F. Lynen, Biochem. Z.,. 335,
168 {1961). . - . '

B. K. .Bachhawat, W.G. Robinson, and M.J. Coon, J. Am.
Chem. Soc., 76, 3098, {1954). .

'A;_dél Campillo-Campbell, EJE.Vbekker, and M.J. Coon,

Biochim. et Biophys. . Acta, .31, 290 {1959).

D. Schemin and G. Kikuchi, Ann. N.Y. Acad. Sci., 715, 122
(1958). - ' :

K.D. Gibson, ¥.G. Laver, and A. Neuberger, Biochenm. .J.,
70, 71 {1958).. :

W.C. McMurray and H.A. Lardy, J. Am. Chem. Soc., 73, 6563
{1957) .

W.C. McMurray and H.A. Lardy, J. Biol. Chem., 233, 754
(1958) .. . ‘

W.H. De Vries, W.M. Grovier, J.S. Evaas, J.D. Gregory,
G.D. Novelli, M. Soodak, and F. Lipmann, J. Am. Chen.
Soc., 72, 4838 (1850).

G.D. Novelli, N.O. Kaplan, and P. Lipmann, Federation
Proc., 9, 209 {1950).

E.E. Snell, G.M. Brown, V.J. Peters, J.A. Craig, E.L.
Wittle, J.A. Moore, V.M. HMcGlohon, and 0.D. Bird, J. Anm. .
Chem. Soc., 12, 5349 (1950) ...

J.G. Moffatt and H.G. Khorana, J. Am. Chem. Soc., 83, 663
(1961) . -

A.M. Michelson, Biochim. et Biophys. Acta, 50, 605
{1961). . w



96.
97. .

98. .

99. .

100.

101.

102. .

1053- .

104. .

105.

106. .
107.
108.

109. .

110.

111f'
112.5
T13. .
114,

115.

1164 .

117, .

215

H. Gruber and F. Lynen, Annalen, 659, 139 {(1962).
R.J. Williams, Chem. Eng. News, 37, 86 {1959).

T. .Amachi, S. Imamoto, H. Yoshizumi, and S. Senoh,
Tetrahedron Lett., 4871 .(1970).

F. Kawai, K. Maezato, H. Yamada, and K.VOgaﬁa, Biochinm. .
et Biophys. Acta, 286, 91 {1972). - '

F. Kawai, H. Yamada, and K. Ogata, Agr. Biol. Chem., 38,
831 (1974).

C.I. Hong, G.B. Chheda, S.P. _Dutta, A. O?'Grady-Curtis,
and G.L. Tritsch, J._Med.;Chem.,~1§, 139 (1973).

A. Y. DiVeKar, 'M-T. Hakala' G'-B' dChheda, and C.}:.' HORg,
Biochem. Pharmacol., 22, 545 (1973)..

A. Strecker, Aan.QChem;, 15, 27 (1850). 
E. Erlenmeyer, Ber.kéhem.“Ges-, 39, 2576 {1886) . .
E. Fischer, Ber. Chem. Ges., 37, 2486 (1904).

S.P.L. Sorensen, Com?t.drend._trav.,Lab- Carlsberg, 6, 1
(1903-086) . : ;

A.P. Krapcho and E.A. Dunrdulis, Tetrahedron Lett., 2205
(1976) .. :

D. Ben-Ishai, I. Sataty, and Z. Bernstein, Tetrahedron,

32, 1571 (1976). .
I. Ugi and C.. Steinbrucker, Angew. Chem., 72, 267 {1960). .
I, Ugi and K. Offermann, Aagew. Chem., 75, 917 {1963)..

R. Urban and I. . Ugi, Angew. Chem. Internat. Edit., 14, 61
{1975} . :

H. R. Divanfard, Z. Lysenko, P. Wang, and M.M. Joullié,

-Syne .Commun., 8, 269 (1978) .

D._Lahdini;.F.”Montanari, and F. Rolla, Synthesis, 26
(1979) . . '

M. Sato, K. Okawa, and S. Akabori, Bull. Chem. Soc. Jap.,
30, 937 (1957) ..

C. Goedeckemyer, Ber. Chem. .Ges., 21, 2684 .(1888).

S. Gabriel and K._Krosebetg; Ber. Chem. Ges., 22, 426
(1889) .- : :

S.P.L. .Sorensen, %. physiol. Chem., 44, 448 {1905).



118. S.P.L. S3rensen and A.C. Andersen, Z. physiol. Chem., 56,
236, 250 (1908). |

119. . S.P.L. Sorensen, Ber. Chem. Ges., 43, 643 (1910).

120. S.P.L. Sorensen, M. HOyrup, and A.C. Andersen, Z..
' physiol. Chem., 76, 44 (1911-12).

3

121.  H. Stephen and C. Weizmann, J. Chem. Soc., 105, 1152
(1914) .- ' |

122.  S.K. Mitra, J. Indian Chem. ,Soc., 7, 799 (1930)..

123. 'G.,Barger and T.E.ﬁweichselhaum, Biochem. J., 25, 997
{1931). : '

124.  M.S. Dunn and B.W. Smart, J. Biol. . Chem., 89, 41 (1930)..
125. . PF.E. King and R. Robinson, J. Chem. Soc., 1433 (1932).
126... K. Conrow and D.N. Naik, J. Med. Chem., 6, 69 {1963)."

127.. Ba Danielsson and J. Johansson, Acta Pharm. Suecica, 1,
53 (1964) . o :

128 British pat. 768, 821 {1957 to Chemie Grunenthal), Chemnm.
Abstr., 51, 15595i (1957).. '

129..  A. Baeyer, Lieb. 'Ann., 130, 129 (1864).

130. . C.Ke. Ingold, S. Sako, and J.F. :Thorpe, J. . Chem. . SoCa.,
3123, 1177 {18922). . ' ' :

131. 0. Baudisch and D. Davidson, J. Biol. Chem., 75, 247.
| (1927) . . '

132.. M. Bovarnick and H.T. Clarke, J. Am. Chem. Soc., 60, 2426
' {1938) . . ' :

133. = M. Zief and J.T. Edsall, J. Am. Chem. Soc., 53, 2245
{1937) ..

134. ., HeLe. Wheeler and C. Hoffman, Amer. Chenmn. J., 45, 368
{1911) . ,

135. T.B;’Johnsonvand W.B. O'Briemn, J. Biol. Chem., 12, 205
{1912) .. -

136... R. Majima, Ber. Chem. Ges., 55, 3859 (1922).

137. M. Tiffeneau, B. Tchoubar, and #. Saiaslambert, Bull. .
SoC. chim.tfr. Mem., [5] 14, 445 (1947)..

138. H. Berg, Ger. pat..566, 094 {May 26, 1929)..

139. H. Bucherer and W. Steiner, J. prakt. Chem., 140, 29



140. .

T41.

142.

143.

144,

145.

146.

147. .

148.

149. .

150.

152. .

153.

154,
155.
156.

157. .

158.

159. .

160i.

217

(1934) .
H. Bucherer and H. Lieb, J. prakt. Chem., 141, 5 {1934).

H.R. Henze and L.H.”Logg,>J.,Am._Chem. Soc., ‘63, 1941
{1941). ' ' '

.H.L.fﬁoyer, Ber.‘ §2' 491“(1950)-.

H.R. Henze and Ll.M. Long, J. Am. Chem. Soc., 63, 1936
{1%41) . .

H. Yanagisawa, ﬁ."Kinoshita{lénd S. Umezawa, Bull. Chenm.
Soc. Jap., 42, 1718 {1969). . ‘

G. Jones, Org. Reactions, 1§, 204  {1967).

E.F. Pratt and E. Werble, J. Am. Chem. Soc., 72, 4638
(1950) . )

A.C. Cope, J. Anm. Chem. Soc., 53, 2327 (1937).

A.C. Cope, C.H. Hofmann, C.¥Wyckoff, and E. Hardembergh,
J. Am. Chem. Soc., 63, 3452 (1941).

J.L. van der Baan and F. Bickelhaupt, Chem. Conmmun., 1661
{1968) .

S. Patai, Y. Israeli, and J. Zabicky, Chem. and Ind. .
{London), 1671 {1957).. :

S. Patai and Y. Israeli, J. Chem. Soc., 2020, 2025

(1960) .

S. Patai and J. Zabicky, J. Chem. .Soc., 2030 (1960) . _

S. Patai, Y. Israeli, and J. . Zabicky, J. Chem._ Soc., 2038
{1960).

M.J. Astle and C.W. Gergel, J. Org. Chem., 21, 453
{1956) . .

R.W. .Hein, M.J. Astle, and J.R. Shelton, J. Org. Chenm.,
26, 4874 (1961).

L. Rand, J.V. Swisher, and C.J. Cronin, J. Org. Chem.,
27, 3505 (1962).. .

P. M. Lelean and J.A. . Morris, Chem. Conmun., 239 (1968).

F.S. Prout, V.N. Aquilar, F.H. Girard, D.D. Lee, and J.P.
Shoffner, Org. Syn., 44, 59 (1964).

E. Knoevenagel, Ber., 27, 2346 (1894).

E. Knoevenagel, Ber., 29, 172 {1896) . .



162.

163.

164.

165. .

166.

167. .

168. .

169.

170. .
171.

172. .

17.3. .

174,

175..

176.

177.
178.
179.

180.

- 181.

182.

183...

218

F. Weygand, Ber., 74B, 256 (1941).

K. E. . Kavanagh and F.¥F. Nord, J. Am. Chenm. Soc., 66, 2126
(1944) .

E. Knoevenagel, Ber., 31, 733 {1898) . .
E,,Kﬁoevenagel, Ber., 31, 2596 {1898)..

ﬁ.,Dilthey and B.JStallman,ﬁBer., 62, 1603 (1929)..
H. .Dilthey, Ber., 62, 1609 {1829) ..

H. Dilthey and H..Steinborn, J.,prakt.4Chem., {2] 133,
219 {1932). ' '

G. Charles, Bull._Soc.NChim;,Francé, 3559; 1566, 1573,

1576 (1963). .

D.E. Worrall, J. Am. Chem. Soc., 56, 1556 (1934).

T.A. Spencer, K.K. Schmiegel, and K.L.,Williamson, Je ANl

T.A. Spencer, H.S. Neel, T.¥. Flechtner, and R.A. Zayle,
Tetrahedron Lett., 3889 (1965).

A. Verley, Bull. Soc. Chin. France, [3] 21, 414 (1899)..
0. Doebner, Ber. 35, 1136, 1147, 2137 (1902).

A.C.0. Hann and A.P. Lapworth, J. Chem. Soc, 85, 46
(1904) . . '

L.F. Fieser and W.H. Daudt, J. Am. Chem. Soc., 68, 2248
{1946) . ,

A. Riedel and E. Straube, Ann., 367, 40 (1909).

K.C. Blarchard, D.L. Klein, rand J.  MacDonald, J. Am.
Chem. Soc., 53, 2809 (1931)..

R. Kuhn, W. Badstubner, and C. Grundmann, Ber., 69, 98
{1936) . . . ;

EeP. Kohler and B.B. Co:son; J.,Am;,Chem.ﬂSoc., 45, 1975
{1923). . ’

N. Palit, J. Indian Chem. .Soc., 14, 219 ({1937)..

~W. 'Baker and W.G., Leeds, J.JChem._Soc;, 974 (1548) . .

M. S. Newman and D.K.'Phillips, J. Am. Chemn. SocC., §1,

- 3667 (1959)..

A.C.. Cope and'E.M.HHaﬁcock,=J.;Am.‘Chem,pSoc., QQ, 2903



184. .

185.

186. .

187.

188.

189.

190. .

191.

192.

193.
194.

‘19S.ﬁ

196.

197.

198.

199.

200.

201. .

202.

203, .

219

(1938) .

J. W. Barrett, A.H. Cook, and R.P. Linstead, J. Chem.

(a)vJ.VZabicky, J. Chem. Soc., 683, 687 j1961);
{b) M. Schwarz, J. Chem. Soc. Chem. Compun., 212 {1969) .

Z. Rappoport and S. Patai, Bull. Res. Council Israel.
Sect. A, 103, 149 {1961 . . '

T. Hayashi, J. Org..Chem., 31, 3253 {1966).

T. Hayashi, I.  Bori, H. .Baba, and H.  Midorikawa, J. Org..
Chem., 30, 695 {1965).

G.,Jones and ¥W.J. Rae, Tetrahedron, 22, 3021.{1966)-J

H..Zinner, E. Wittenburg, and G. Rembarz, Chem. Ber., 32,
1616 (1559). .

Y. Ali and W.a. Szarek, Carbohydr. Res., 67, C17 {1978).
E.J. Corey and D. . Seebach, Angew. Chen., 17, 5134, 1135
{1965); Angew. Chem. Int. Ed. Engl., 4, 1075, 1077

{1965) . ' ‘

D. Seebach and E.J. Corey, J. Org. Chem., 40, 231 (1975 .
D. .Seebach, Synthesis, 17 {1969)..

D.\Seébach, B.-Th. Grobel, A.K. .Beck, M. Braun, and K.-H.
Geiss, Angew. Chem. Int. Ed. Engl., 11, 443 (1972).,

D.,Séebachi Angevw. Chem.flnﬁ._Ed. Engl., 8, 639 (1969).

A.,Streitwieéer Jr. and S.P. Ewig, J. Am. Chenm. Soc., 97,
190 (1975).. :

F. ,Bernardi, I.G. .Csizmadia, A. Mangini, H.B. Schlegel,
M. Whangbo, and S. ¥olfe, J.  Am. Chem. Soc., 97, 2209
(1975) .. . ‘ ‘ '
B.-T. Grobel and D. Seebach, Synthesis, 357 (1977)..

D. Seebach, B. Seuring, H.7O.,Ka1inowski, W. Lubosch, and
B. Renger, Angew. Chem. Int. Ed. Eng., 16, 264 (1977).

E. Vededjs and P.L. Fuchs, J. Org. Chem., 36, 366 {1971).

S. Torii, K. Uneyama, and M. Isihara, J. Org. Chem., 39,
3645 (1974) .

D. Seebach and M. Braﬁn, Angew. Chem.  Int. Ed. Engl., 11,
49 (1972). ' : '



220

204. M. Braun and D. Seebach, Chem. Ber., 109, 669 (1976).
205. D. Seebach and E. Wilka, Synthesis, 476 {1976). .
206.  D.N. Crouse and D. Seebach, Chem..Ber., 101, 3113 (1568). .

207.  P. Duhamel, L. _.Duhamel, and N._ Mancelle, Tetrahedron .
Lett., 2991 {[{1872).. .

208., L. Duhamel, P. Duhamel,'and N.,Manceile,'Bull. Scc. Chim. |
Fr., 331 (1974).

209.  G. Stork and L. Maldonado, J-. Am. Chem. Soc., 96, 5272
’ {1974) . - :

210.. ¥.D. Woessner, Chem. Lett., 43 (1976). .

211. E. Juaristi and E.L. Eliel, Tetrahedron Lett., 543
{(1977). .

2124 P.C. Ostrowski and V.V. Kane, Tetrahedron Lett., 3549
{1977) ... ‘

213.  E. Fischer, Ber. Dtsch. Chem. Ges., 27, 673 (1894). .,

214, Ti-l. Ho, H.C. Ho, and C.M. Wong, Can. J. Chem., 51, 153
(1973) . .

216. K. Narasaka, T. Sakashita, amd T., Mukaiyama, Bull. Chem. .
, Soc. Jap., 45, 3724 {1972)..

217. E.J. Corey and B.¥W. Erickson, J._ Org. Chem., 36, 3553
(1971) . , | »

218,  ¥W.D. Woessner and R.A.  Ellison, Tetrahedron Lett., 3735
(1972) . '

219. N.®#. _Bristow and B.,Lythgoe{ J. .Chem. .Soc., 2306 (1949). .

220. F. Weygaﬁd and H.J. Bestmanan, Z._Naturforsch. B, 10, 296
{1955) . . :

221.  R. Kuhn and F.A. Neugebauer, Chem. Ber., 94, 2629 (1961). .

222. - R.F. Romanet and R.H. Schlessinger, J. Am. Chem. Soc.,
896, 3701 (1974). : '

223. H. Nieuwenhuyse and R. Louw, Tetrahedron Leti., 4141 .
{1971).

224. R.A. Ellison, E.R. Lukenbach, and C. Chiu, Tetrahedron
: Lett., 499 (1975). '

225. ° A.M. Sepulchre, G. Vass, and S.D. Géro, Tetrahedron



226a

227.

228a .

229.

231,

232.
1 233.

" 234,
235.

236.

237.

238,

239. ,
240. |
2481,

242,

243,

Lett., 3619 {1973)..

. Hojo and R. Masuda, Synthesis, 678 {1976). .

M.A. Abdallak and J.N. .Shaw, J. Chem. Scc. Perkin Transa
1, 888 {(1975).. :

T. Oishi, H. Takechi, K. Kamemoto, and Y. Ban,
Tetrahedron Lett., 1} (1974).. .

I. Stahl and 3.,Gosselck, Tetrahedron, 29, 2323 {1973)..

I. . S5tahl, M. Hetschko, and J. .Gosselck, Tetrahedron
. Lett., 4077 (1971).. : .

M. Fétizon and M. Jurion, J. ,Chem.,Soc. Chem. Commua.,
382 {1972) . '

‘T.fl. Ho and C.M. Wong, Synthesis, 561 (1972).

E.J. Corey and T. Hase, Tetrahedron Lett., 3267 {1975).

R.M. Manavu and H.H. Szmant, Tetrahedron Lett., 4543
(1975). - |

D<H.R. Barton, N.J. Cussans, and S.V. . Lley, J. Chem. SocC. .
Chem. ; Comrun., 751 (1977)... .

H. Paulsern, V. Sinnwell, and P. Stadler, Chem,;Ber.;.lgg,
1978 (1972). '

T.T. Takahashi, C.Y. Nakamura and J.¥Y. Satoh, J. Chem.
Soc. Chem. Commun., 680 {1977)..

J.D. Wandef and D. HOrton,.AdV.,Carbohydr. Chem.
Biochem., 32, 15 (1976).

A.-M. Sepulchre, G. Lukacs, G. Vass, and S.D. Géro, Bull..

A,-M.[Sepulchte, G. Vass, and S.D. Géro, C.R. Acad. Sc.,
Ser..C, 274, 1077 {1972) .. '

A.-M. Sepulchre, A. Gateau-Clesker, G. Lukacs, G. Vass
and S.D. Géro, Tetrahedron Lett., 3945 (1972).

A. Gateau-Olesker, S.D. .Géro, C. Pascard-Billy, C. Riche,
A.-M. Sepulchre, and G. Vass, J. Chem. Soc. Chem.
Commun., 811 (1974).. :

H-_Paulsen, P. .Stadler, ard F. TOdter, Chem. Ber., 110,
1896 (1977). .

H. Paulsenm and H. Redlich, Angew. Chem. Int. Ed. Engl.,
11, 10621 (1972) .. :



222

245. . . 5. Paulsen and H. Redlich, Chem. Ber., 107, 2992 {1974).

246.  W. Depmeier, 0. Jarchow, P. Stadler, V. Sinnwell, and H.
Paulsen, Carbohydr. .Res., 34, 219 (1974).

247. . A.-¥. Sepulchre, G. .Lukacs, G. Vass, -and S.D. Géro,
Angew. Chem. Int. Ed. Engl., 11, 148 {1972)..

248. G. Lukacs, A.—-M. Sepulchre, A. Gateau-Olesker, G. Vass,
" S.D. Géro, R.D. Guthrie, W. Voelter, and E. Breitmaier,
Tetrahedron Lett., 5163 (1972)., )

249. . S.D. Géro, D. Hortom, A.-M. .Sepulchre, and J.D. Wander,
Tetrahedron, 23, 2963 (1973)..

250, . S.D.'Géro, D. Horton, A.-M.  Sepulchre, and J.D. Wander,
J. Org. Chem., 40, 1061 (1975). .

251., A.-M. Sepulchre, G. Lukacs, .G. ,Vass, and S.D. Géro, C.R.
' Acad. Sc. Ser. C., 273, 1180 (1971) ..

252. . A. Yamashita and A. Rosowsky, J. O0rg. .Chem., 41, 3422

253.. W.E. Cohn, Biochim. et Biophys. Acta, 32, 569 (1959).
25“. N w- E. COhﬂ, J' s BiOl.‘Chem., géé' 3’488 (1960). .

255. A.M. Michelson .and W.E. Cohn, Biochemistry, 1, 490
: (1962) ., :

256. G.gDoyle.Daves, Jr. and C.C. Cheng, Prcg. Med. Chen., 13,
303 {1976) . - .

257-_"F;F. Snyder and J.F. Henderson, J. Biol. Chem., 248, 5899
{1973) . . ' :

258. L. Sasse, Ha Rabinowiﬁz, and I. Goldherg, Biochim.
Biophys. Acta, 12, 353 (1963).,

259.. R.H. Hall, The Modified Nucleosides in Nucleic ACidsL
Columbia University Press, New York, 1971.

260. ., S. Hanessian and A.G. Pernet, Advan. Carbohydr. Chen.
Biochem., 33, 111 {1976). '

261.  C.K. Chu, K.A. Watanabe, A. Kyoichi, and J.J. Fox, J. '
Heterocyclic Chem., 12, 817 :(1975) .,

262., J.Hs Burchenal, K. _.Ciovacco, K.Kalaher, T.O0'Toole, R..
Kiefner, M.D. Dowling, C.K. Chu, K.A. Watanabe, I.
Wempen, and J.J. Fox, Cancer Res., 36, 1520 (1976).“

263. M. Bobek, J. Farka$, and F. :Sorm, Collect. Czech. .Chenm. .
Commun., 34, 1690 (1969)..



223

264. T. Sato, M. Watanabe, and R. Noyori, Tetrahedron Lett.,
4403 {1978).

265. W.A. Asbun and S.B. Binkley, J. Org. Chem., 33, 140
. {1968) ... :

266. . B. Coxon, Tetrahedron, 22, 2281 {1966) .

267. . M. Bobek and J. . Farkas§, Collect. .Czech. Chemn. ComnmMule,
34, 247 (1969) ., : '

268. He.~J. Knackmuss, Angew. Chem. Int. Ed. Engl., 12, 139
(1973) . 1

269.  G.E. Gutowsky, M. Chaney, H.D. Jones, R.L. .Hamill, F.A.
Davis, and R.D. Miller, Biochem. .Biophys. Res. Commuf.,
.51, 312 (1973).. ' :

270., M. Bobek, J. Farka$, and F. Sorm, Tetrahedron Letf., 4511

271.. E.H. Acton, K.J. Ryan, D.#. Henry, and L. Goodman, J.
Chem. Soc. Chem. Commun., 986 {1971).

272.  H.P. Albrecht, D.B. Repke, and J.G. Moffatt, J. Org..
Chem., 38, 1836 {1973).

273. . G. Trummlitz and J.G. Moffatt, J. Org. Chem., 38, 1841
19713y . ~ g

274. . S. Hanessian and A;G;,Pernet, Cans J.;Chem.,>§g,.1266
' (1974) . S . :

275. - S. .Hanessian.and A.G. . Pernet, Can. J. Chen., 52, 1280
- {1974y . ' '

276. H. Ohrui and J.J. Fox, Tetrahedron Lett., 1951 (1973)..

277.. H. Ohrui, G.H. Jones, J.G. Moffatt, M.L. Maddox, A.T.
Christensen, and S.K. Byram, J. Am. Chem. Soc., 97, 4602
(1975) - ‘ -

278. . J.Va. Kostir and M.,Queisnerové, Chem. Listy, 43, 277
{1949) ; Chem. Abstr., 45, 553 (1951).

279. ., A.vRosenthal"and A.J. Brink, J.‘Catbohydr- Nucleosa.
Nucleot., 2, 343 {1975).

280. K. Bischofberger, R.H. Hall, and A. Jordaan, J. Chem.
: Soc. Chem. Commun., 806 (1975).,

28Ca. B.M. Trost, Tetrahedron, 33, 2615 (1977)..
281.. R.F. Heck, J. Am. Chem. Soc., 90, 5518 {1968).

282.  R.F. Heck, J. Am. Chem. Soc., 90, 5526 (1968).



283.

284,
285.
286. .

287.
 288.
289.

290. .

291,

. 292.

293. .

294.

295,
296. .

297...

298.

299.

300.
301.

302. .

303. .

224

J.B. Melpolder and R.¥. Heck, J. Org. Chenm., 41, 265

- (1876)

R. F. Heck, J. Am..Chem. Soc., 90, 5531.(1968).
R.F. Heck, J. Am. Chem. Soc., 90, 5535 (1968).
R.F. Heck, J. Am. Chem. Soc., 90, 5546 (1968)..

T. .Mizoroki, K. Mori, and A. Ozaki, Bull. Chem. Soc..
Jape., 44, 581 (1971).

R.F. Heck.and J.P. Nolley, Jr., J. Org. Chem., 37, 2320
(1972) - . ~

H.A. Dieck and R.F. Heck, J. .Am. Chem. Soc., 96, 1133
{1974) . ' ‘

A. Sekiya and N. Ishikawa, J. Organometal. Chem., 118,
339 (1976). .

H._Yamamura, I;,Moritani, and S. Murahashi, J.
Organometal. Chem., 91, C39 (1975). . ' ’

R. Shapiro and R.W. Chambers, J. Am. Chem. Soc., 83, 3920
{1961).

D. M. /Brown and M.G. Burdon, J. .Chem. Soc., 1051 {1968).

W.A. Asbun and S.B. Binkley, J. Org. Chem., 33, 140
(1968) « | : ’ .

I. Arai and G.D. Daves, Jr., J. Am. Chem. Soc., 100, 287
(1978) .

J.L. Ruth.and D.E. Bergstrom, J. Org. Chem., 43, 2870

(1978) ..

D. E. Bergstrom and M.X. Ogawa, J. Am. Chem. Soc., 100,

8106 (1978) .

W.H. Prusoff and D.C. Ward, Biochem. Pharmacol., gg; 1233
{1976) . . ' A

A.fKampf,-R.L.,Barfkaecht, P.J. ,Shaffer, S. Osaki, and
M.P. Mertes, J. Med. Chem., 19, 903 (1976).

'D. Shugar, FEBS Letters, 40, S48 {(1974).

- A. Bloch {Ed.). Ann.,N.Y.,Aqad. Sc.;_g§§ {1975) ..

B. Goz and W.H. Prusoff, Annu. Rev. Pharmacol., 10, 143
{1970) . -

T. K. Bradshaw and D.W. Hutchinson, Chem. Soc. Rev., 6, 43
{1977) .



304.

305.

306. .

307.

308.

309. .

310.

311,

312.

313.

3134,

315.

316. .

317,

318.

319.

320. .

330. .

331. .
3324

333.

225

A.R. Diwan, R.K. ERobins, and W.H. Prusoff, Experientia,

25, 98 (1969) .

‘ W.A. Creasey and R.E. Handschumacher, J. Biol. Chen.,

236, 2058 {1961). .

R.R. Williams and J.K. Cline, J. Am. Chenm. Soc., 58, 1504

-(1936).,

R.D._Yousséfyeh and L. Lichtenberg, J. Chenm. Soc. Perkin
Trans. , 1, 2649 {(1974).

R.E. Cline, R.M. Fink and K. Fink, J. Am. Chem. Soc., 81,
2521 (1959).

J.J. .Fox, Pure and Appl. Chem., 18, 223 (1969). .

D-.M. Brown, D.B. Parihar, A. .Todd, and S. Varadarajan, J..

Chem. Soc., 3028 (1958). .

T. . Kunieda and B. ¥Witkop, J-JAm.“Chem. Scc., 93, 3487
(1971). '

J.P.H. Verheyden, D. Wagner, and J.G. Noffatt, J. Orge..
Chem., 36, 250 (1971) ..

N. Miller and J.J. Fox, J. .0rg. .Chem., 29, 1772 (1964).

W.V. Curran and R.B. Angier, J. Org. Chem., 31, 201
{1966) . : ' ' '

M.W. Winkley and R.K. Robins, J. Org. Chem., 33, 2822
(1968) . _ ~

M. Prysta$ and F. Sorm, Coll. Czech. .Chem. Commun., 3%,
2316 (1969) . | |

U. Niedballa and H. Vorbriiggen, J. .Org. Chem., 39, 3661
(1974) . - ‘ : :

R.S.  Klein :and J.J. Fox, J. .0rg. Chem., 37, 4381 .{(1972).

R. Shapiro, R.E. Servis, and H¥. Welcher, J. Am. Chem.
Soc-, 92, 422 (1970).

H. Inoue and T. Ueda, Chem-aPharm.;Bull., 13, 1743
(1971) . .

S. Senda, K. Hirota, and T. 6 Asao, Tetrahedron Lett., 2647
(1973) . ' ;

T. Ueda, H. Inoue, and A. Matsuda, Reference 301, p-J121;J
A. Holy, Tetrahedrom Lett., 1147 .(1973).

A. Holj, Coll. Czech. Chem. Commun., 39, 3374 (1974).



334.
335.
336.
337;j
338,
339.
340.
341,

342, ,

"343.

344,

.345. .

346,

347.-,

348,

349, .
350.
351. ..

352,

226

C.M. Hall, G. Slomp, S.A. Mizsak, and A.J. Taylor, J..
O0rg. Chem., 37, 3290 {(1972).,

A. Havron, J. Sperling,.and D. Elad, Nucleic Acids Res.,
3, 1715 (1976) . .

J.-L. Fourrey, G.,6 Henry, and P. Jouin, Tetrahedron Lett.,

‘951 (1979) .

B.A. Otter, A. Taube, J.J. Fox, J. Org. Chem., 36, 1251.
{1971 . .

Wel. Glen, G.S. Meyers, and G.A. Grant, J. Chem. Soc., -
2568 {1851). . '

V. Parikh, and J.K.N. Jones, Can. J. Chem., 43, 3452
(1965) . . :

H. Standinger and J. Meyer, Helv. Chim. Acta, 2, 635
(1919).

D.C. De Jongh and K. Biemann, J. Am. Chem. Soc., 86, 67
(1964) . .

'K.N. Slessor and A.S. Tracey, Can.J. Chem., 47, 3989

(1969) .

Re0. Hutchins, D. Rotstein, N. Natale, and J. Fanelli, J.

0rg: Chem., 41, 3328 {1976) .

R.J. Abraham, L.D. Hall, L. Hough, anrd K.A. McLauchlin,
J. Chem. Soc., 3699 (1962).

N. Umino, T. Iwakuima, and N. Itoh, Tetrahedron Lett.,
2875 {1976) . -

H.C. Brown, P. Heim, and N.M. Yoon, J. Am. Chem. Soc.,
92, 1637 {1970).

F.C. Whitmore, H.S. Mosher, R.R. Adams, B.B. Taylor, E.C.
Chapin, C. Weisel, and W. Yanko, J. Am. Chenm. Soc., 66,
725 (19%44) . .

A. Rosenthal and D.A. Baker, J. Org. Chem., 38, 193
(1973) . : : .

Y.H. Ng and M. Freifelder, J. .Pharm. Sci., 54, 1204
{1965) . .

C.G. Overberger and J.E. Mulvaney, J.,Am;_Chem.,Soc., 81,

4697 {1959).

C.H. Eugster, L. . Leichner, and E. Jenny, Helv. Chim.
Acta, 46, 543 {1963). ! ‘ -



353. .

354. .

356. .

357.
358.

359.

360.

361.

362.
363.
364.
365. .
366.

367.

368.

369.

370...

371. .

372. .

373.

227

K..Ffeudenberg and F._Bpauns, Ber., 55, 3233 k1922)¢,

W. Meyer zu Réckendorf, Angew. Chem. Intern. Ed. Engl.,

6, 177 (1967).

A.C. Cope, A.A. D'Addieco, D.E. Whyte, and S.A. Glickman,
Org. Syn. Coll. Vol. 4, 234'.(1963); H.C. House, lodern
Synthetic Reactions, second ed., W.A. Benjamin, Inc., p.
649, ' '

H. Paulsen and W. Stenzel, Chem. Ber., 107, 3020 (1974).

A. BRosenthal and B.L. Cliff, Carﬁohydr.,ﬁes., in pressas .

M.P. Mertes, J. Zielinski, and C. Pillar, J. Med. Chen.,

10, 320 (1967).

A. Kolb, C. Gouyette, H.D. Tam, and J. Igolen,
Tetrahedron Lett., 2971 (1973)..

P.A. Levene and E.T. Stiller, J. Biol. Chenm., 102, 187
{1933). '

Re Se Klein, H. Ohrui, and J;J.,Fox, J. Carbohydr. .
Nucleos. Nucleot., 1, 265 (1974) ..

S.J. Angyal, V.A. Pickles, and B. Ahluwalia, Carbohydr. .
Res., 3, 301 (19%67). :

J. LOonngren and S. Svensson, Adv.fcdrbqhydr.,Chem,,
Biochem., 29, 41 (1974).

A.J. Rhind~Tutt and C.A. Vernon, J. Chem. Soc., 4637
(1960) - '

AA‘ KOlb, T¢ H. . Diﬂh, and J.‘.“ IgOleB, Bllll- ,SOC. Chimo ,FI- ’
3447 {(1973). V

G~ E. Hilbert and E.F. Jansen, J. Am. Chem. Soc., 56, 134

{1934).

V. Grignard, Compt. rend., 1398, 625 {1934).

J.A. Pople, ¥W.G. Schreider, ‘'and H.J. Bernstein, High-=
resolution Nuclear Magnetic '‘Resonance, McGraw-Hill, 1972,
pp- 238-2490. :

P. Fitton, M.P. Johnson, and J.E. McKeon, J. Chedb. S0Ce
Chemn. Commun., 5 {(1968). '

R. Ranganathanm, Tetrahedron Lett., 1291 (1977).

S.R. Jenkins, B. Arison, and E. Walton, J. 0rg. . Chem.,
33, 2490 (1968).

P.A. Levene and R.S.ATipson,-J;,Biol.EChem., 1Q§, 385



374.

375. .

376.

377.

378.

379. .

380.

381.

382. .

383.

384.

385. .

386. .

387.

388.

389...

390.

391.

228

{1934).

J.J. Fox and I. Wempen, Tetrahedron Lett., 6&3-{19651._

'J.B. Westmore, D.C.K. Lin, and K.K. Ogilvie, Org. Mass

Spec., 1, 317 (1973).

K. Biemann and J.A. McCloskey, J. Am. Chem. Soc., 84,
2005 (1962)..

C. M.  Hall, G;Jslomp, S.A. Mizsak, and A.J.,Tajlor, Ja
O0rge. Chem., 37, 3290 (1972)..

GeR. Pettit and E.E. van Tamelen, Org. React., 12, 356
(1962) . .

M.J. Robins and R.K. Robins, J. Am. Chem. Soc., 86, 3585
(1964) . .

C.A. Dekker, Annu. Rev. Biochem., 29, 453 (1960).

J. Cadet and R. Teoule, J. Am. Chem. Soc., 96, 6518
(1974) - . ' :

C. A. . Dekker in The Carbohydrates, Chemistry and
Biochemistry, Edited by ¥. ,Pigman .and D. Horton, Academic

D.M. Brown, A.R. Todd, and S. Varadarajan, J. Chem. Soc.,
2388 (1%956). '

S.,an, W. Tagaki, and A. Ohno, Tetrahedrom, 20, 437
{1964) . : .

P. Cerutti, Y. Kondo, W.R. Landis, and B. Witkop,'J.,Am.
Chem. Soc., 390, 771 (1968);ﬂ

{a) J.B. Westmore, D.C.K. Lin, K.K. Ogilvie, W. Wayborn,
and J. Berestiansky, Org. Mass Spec., 6, 1243 (1972); (b) .
G. Puzo, K.H. Schram, J.G. Liehr, and J.A. McCloskey, J..
Org. . Chenm., 43, 767 {1978).. :

E. Fischer and G. .Roeder, Chem. Ber., 34, 3751 (190%1). .
V; Formacek, L. .Desnoyer, H.P. Kellerhals, T. Keller, and

J.T. Clerc, 13C Data Bank, Bruker Scientific, Maisch OHG
Karlsruhe {1976). '

K. K. Ogilvie, S.L.;Beéucage, D.H;gEntqhistle, E.A. .
Thompson, M.A. Quilliam, and J.B. Westmore, J. Carbohydr.
Nucleos. Nucleot., 3, 197 (1976).

R.D. Batt, J.K. Martin, J.M. Ploeser, and J. Murray, J..

" Am. Chem. Soc., 716, 3663 {(1954).

P.F. Torrence and B. Witkop, Biochemistry, 11, 1737


http://Oh.no

229

392. R.H. Fink, R.E. Cline, C. McGaughey, and K. Fink, Anal.
Chem., 28, 4 (1956)-

393. . .F. Campagna, A. Carotti, and G. Casini, Tetrahedron.
Lett., 1813 {1977).

394.  S. Baldwin, J. Org..Chem., 26, 3288 {1961).,

395. . {a) D.L. MacDonald and H.G. Fletcher, J. Am. Chem. Soc.,
81, 3719 {1959); {b) S. Hanessian and G. Rancourt, Can.
J. Chem., 55, 1111 (1977). .

-396. S. Inouye, T. Tsuruoka, T. Ito, and T. Niida,
Tetrahedron, 23, 2125 (1968). . '

397.. A. Vasella, Helv. Chinm. .Acta, 60, 426 (1977) ..

39s. D.T. Jackson and C.G.. King, J.“Am.ichem.,Soc.} 55, 678
{1933) . ’

_399. M. MacCoss and D.J. Cameron, Carbohydr. Res., 60, 206
(1978) .,

400. J. Zzabicky (Ed.), The Chemistry of the Amides,
Interscience Publishers, pp 760-765 {1570) ..

401. J.H. Cornforth in:Heterocyclic Compounds, Edited by R.C.
Elderfield, John Wiley and Somns, Vol. V, pp. 400-402
(1956) . . ‘

402, J; smrt and F. .Sorm, Collect. Czech. Chen. Commun., 25,
: 553 {1960).

403. {a) T.K. Fukuhara and D.W. _ Visser, J. Biol. Chenm., 190,
95 (1951); '

{b) P.A. Levene and F.B. LaForge, Chem. Ber., 45, 608
(1912) . ‘

404.  G.R. Barker, Methods in Carbohydrate Chemistry, Vol. II,
- Edited by R.l. Whistler and M.Ll. Wolfrom, Academic Press,
New York pp. 168-171 {1963). '

405.. {a) T.L.V. Olbricht, Tetrahedron, 6, 225 (1959);: (b) L..
Pichat, B. Massé, J. Deschanps, and P. Dufay, Bull. Soc..
Chim. Fr., 2102 (1971)..

406. . C. Nofre, M.“Murat,.ahd A. Cier, Bull. Soc. Chima Fr.,
1749 (1965). : -

407.  P. Rouillier, J. Delmau, J. . Duplan, and C. Nofre,
Tetrahedron Lett., 4189 ({1966). '

408. ., S. Furberg and L.H. Jensen, J. Am. Chem. .Soc., 90, 470



{1968) .

409, A.R. Katritzky, M.R. Nesbit, B.J.;Kurte?, M. Lyapova, and
I.G. .Pojdrlieff, Tetrahedron, 25, 3807 (1969).

410. . P.,Rouillier, J.ﬁDelmau; and C. Nofre, Bull. Soc. Chim.

411. J._ Cadet, L. Kan, and S.Y. Wang, J.,Am. Chem;ASoc., 100,
6715 (1978). .

412. {a) H.P. Schweizer, J.T. Witkowski, and R.K. Robins, J.
Am. Chem. Soc., 93, 277 (1971); (b) H. Dugas, B.dJ..
Blackburn, B.K. Robins, R.Deslauriers, and I.C.P. Smith,
J. Am. Chen. Soc., 93, 3468 '{1971)."

413. . T.R. Emerson, R.J. Swan, and T.L.V. Ulbricht,
Biochemistry, 6, 843 (1967). .

314, . {a) I. Kulakowska, A. Rabczemko, and D. Shugar, Biochemn.
Biophys. Res. Commun., 48, 65 {1972); (b) M..
Sundaralingam and L H._Jensen, J. Mol. Biol., 13, 930
(1965) . . : ' '

415,  N.P. Buu-Hoji, N.D.AXﬁong, and N. _ van Bac, Bull. K Soc..
Chim. Fr., 2442 [1963). :

416.., W.P. Bryant and P.D. Klein, anal. Biochem., 65, 73
(1975) .

417. J.J. Fox and D. Shugar, Biochim. Biophys. Acta, 9, 369
(1952)-_ '

418. . {a) T.B. Johnson.and L.H. Chernoff, J. Am. Chem. Soc.,
: 36, 1742 (1914); (b) K.LlL. Nagpal, P.C. Jain, P.C. :
Srivastava, M.#. Dhar, and N. Anand, Indian J. Chen., 6,
762 (1968); {c) P. Nantka-Namirski and J. Wojciechowski,
Acta Polon. Pharm., 27, 329 (1570).

419.  G.H. Jones and J.G. Moffat, Methods in Carbohydr. Chen.,
6, 320 {1972).. ’ . o

420, A.K. Sen and S. Sarma, J. Indian Chem. Soc., 44, 644 .
{1967) . .

421.. K.K. Ogilvie and D.J. Iwacha, Can. J. Chem., 52, 1787
(1974) - _ L

422., DeH.R. .Barton, S.V. Ley, P.D.,Baghus, and M. N. Rosenfeld,
J. ,Chem. .Soc. ,Perkin Trans. :I, 567 {1877)..

423.  The sample of compounrnd 204 was kindly prov1ded by Dra.  A.
Brink.

424. D.R. Coulson, Inorg. Syn., 13, 121 {1972).



425,

426.

427.

4284 .

429.

43¢0.

R.C. Weast and S.M. Selby (Ed.), Handbo
48th

231

ook
and Physics, Chemical Rubber Co., Ed.

Biological testing was performed by the NWational
Institute of Health, Maryland, U.S.A.

Biological testing was provided by Dr. A. Bloch of the
Roswell Park Memorial Institute, Buffalc, New York.

D.W. Miles, M.J. Robins, R.K. Robins, M.W. Winkley, and
H. 'Eyring, J. Am._ Chem. Soc., 91, 824 {19%69).

Z. Ohashi, M. Maeda, J.A. McCloskey, and S. Nishimura,
Biochemistry, 13, 2620 (1974)..

F. Seela and F. Cramer, Chem. Ber., 109, 82 {1976).



