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Abstract

Unambiguous syntheses of 5-catbomethoxy-2-exo-3-endo~
di-tert-butyldimethylsiloxy-7-oxabicyclo [2.2.1] hept- S-ene
and S-carbomethoxy-2-exo-3—endo#dl-methoxymethyloxy-7- &
oxabicyclo [2.2.1] hept-5 -ene, useful intermediates for .the
preparatxon of C-nucleosides, were devised. These lntermediates

were converted to a-keto esSters, from which D,L-arabino

epimé§§ f showdomycin and pyrazofurin A were synthesized. o j
\ .
2~ §o-acet6xy—5—carbomethoxy—7-oxabicyclo [2.2.1] hept- i
5-ene was also transformed to the cofrespbnding keto ester,

which was converted to D;ngldepxyshowdomycin. Important -

% :
intérmediates for the synthesis of C-nucleosides were prepared. - :
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Syﬁthése de la D,L-2' pi-Showdemycine et -Pyrazofuxin A

QE d7 1a ,L-Z'—Déoxyshowdomycine
Mu-Ill Lim
! Dfpartment de Chimie ‘ o s

Université McGill
E 4

ontréal, Québec,. Canada

' REsuMé
La synth2se de lé 5-carbométhoxy~-2-exo-3-endo-di-tert-
butyldiﬁethYléiloxy-?%oxabic&clo j2.2.1]:péptane—5 ;t de 1la
‘Sfcarbométhoxy—z-exo— —endg-di~méthoxyméthyloiy-?—oxabicyclo
[2.2.1]) hepté&ne-5, ﬁél inte;médi&ires importants dans la
p;§§argtion de C—n€ léoside?, a 8t8& réalizée. Ces interm&diaires
oﬁé &té trqnsformég en a~-céto esters, a prétir des Qnélles
les épimé}és D, L-arabino de“la7showdomycine et de la
yrazofurine A furent synthetisés.
La 2-exo-acétpxy-5Hcarbométhoxy-7-oxabicyclo [2.2.1]

‘hept3ne-5 aussi &t& transformée en c8&to-ester, qui ensuite

fut converti en 2'-déoxyshpwddmyc}g9;.ne‘ﬁbmhieux,interméd;aires

importants pour la syntpaséuae C-nucléosides ont &té prépafés.

. T R N R T A TR R R T T L e L




L
.
+
]
s
'
-
o
3
)
4
»
f
'
u
i
@ .
LY

| ~ . ' R 1 ' .
P
' . ‘ PR - .
‘ . -
t ’ ” ; - .ot LT
@i . ' ’ . o . . .- R o
' “ ' 4 - - - - "
- . R4 w . L . B . ,
y + K N “~ ’_ - - -
. B " R L] " ) e S e ‘.
. 4 o BN v -
+ b - - rd -
o X . 8 . - _ .
° ! j e - . - f
/ . . [ , L ,
¢ I ;o . R i . e : e » y )
‘ R .2
' ! waooax o ) . .
. - i3
N N - " - - .
' PR - .o -
o . ; . . -
/ ' tLT : ’
, / - , - 5 B - .
' - : . ‘1 e .
/ .- - . oo * . [ <
= ) . F>)
! N . - o . ..
! 9 - . !
- - ) ' " . FS " .
- - u
- - Qa Al . L
- - 4" i -
P ' -
- - - - » 3 -
- - . - E rf . -
- -l — ,‘ . - ¢
- .
B oo ' ‘ . L ,
. .
. ) » '
Q/ : - ' . 1] - -
. . - . )
B - : N
. . & -
- - " , -
.
i ! . e ~N
i - . ~
- .- '
- . - ‘ , .
- N ~
- To my mother and sisters
' h - h
f .
-
- N - -
. -
'
- - s
. .
. .
3
B /
v Il
, Y [
f
* ' \ r [
(. . .
5 5 .
. B - \ »
° ' -
. . . .
. e . N
L4 * . -
a ’ R
4 ’ AT
;
. . .
. . .
- v
. ! Ad -
J» . “-
. s
O . - . . )
- B , ,
. %_T\A
. \‘r , .
.
. .. f
* [
. - ' ERY
' . b, -
P .
1
<
{ -~
¥

©

IS}

ORI S

. e



'

. )
L e s

&
-

i : B
Nk g b W

3>
.
I
o,
"y
o
T
S
~
i
7
-
A
N -
—
N

e e T

l Acknowledgemerits o

I would like to express my sincere gratitude t#& my
reseafch director, Dr. GeofgeﬂJust, for his encéuragement, R
and valuable discussions.

Graéeful acknowledgements are made to:

McGill Uniyersity, Department of Chemistry, for a
teaching assistantship. ‘ ’

J. T. Liak and A. Ugolini for preparation éﬁ some
starting material. '

R. Simoneav for taking some n.m.r. spectra.

F. Rothwell for‘reco;din§ mass spectra. _

' My co-workers for theié continuing patieﬁce and helpful v
discussions. | -

R. Zamboni for proofreading the manuscript.

G.'P. Donnini and D. Payette for traslating the abstracé

4
i

of this thesis into French.

J

My wife, Moon Hee, for her patien

" manuscript.

. !
ce and £g§i

i

o

v fr

£

‘g'the,

1




Sy 4 on.

P R b -
RARERAL

Sy

&

Table of Contents ' -

Introductlon .......IIll...Ii.‘..o..lll..l..."‘.."'.\..' 1

Results and Discussion

Chapter I Synthesis of 5-carbomethoxy-2-exo-3-endo-

° di- tert-butyldlmethylsiloxy—?-oxablcyclo

[2.2.1] hept—s-ene -o--oa:.oo-o.ooco.-ool-o 22K

Chapter II Synthesis of 2,5~anhydro-D,L-glucose

derivatives .o‘o..ottvah'!oo.lclo.a‘oﬁ.vo.o.- 43
Chapter III Synthesis of D,L-2'-epi-showdomygin and

-‘pyraéofurinA Q'..‘......‘.....‘.uQ.....'..(' 62/
! - Bt — ' /

Chaptér IV sSynthesis of 2—(3a-hydroxy-4é—hydroxymethyl- /

furan-lB“Yl) malelmlde no.ocl.o...cnpoto-t. :’75

Contrlbutions to knowledge ..‘.....'..'.........'l..l.l./90‘

/’\ <

v

Experimental .....'DOQ—...‘..A.‘ll..Q..'..O.QO,.Q...'.‘...91‘

Chapter I ..;'Q;'.Q.:-"l.l"...rlIC.'l..I-.l..ga?z‘

Ch&ptér III ‘oo-..-ol’aon‘-:;o..o...-a-..c-%*133,,

' ' ’ capter Iv ‘..".‘..l’....'.il‘.".;.).l...-... J.43
Bibliggraphy l...:l '.I.‘.I',QOI""'I..."."l'....'..'.’.ll 157

- R Chapter II 0;00-..0..0-.-.’-ontolahooiio-o:/o‘. lo,?»\.

’ |
|
|

| |
| |
!
| I
.1‘»
i
{




TR

53

‘components of the nucleic acids have been isolated. The .

_utility of analogues of the naturally occurring nucleic acids

.components as hiochemical tools and as therapeutic agenﬁs

exhibiting important biological activities has been isolated

’compounds is the most recently. isolated oxazinomycin (6),"

Introduction

. 1

~e

During the past decade, a great number of nucleoside

justifies expénsion of the term "nucleoside” from'ité original
definition which was concerned with the cérbohydrate derivatives
of purines and pyrimidines obtajned by h&drolysis of tﬁe
nucleic aci&s. The term "nucleoside" includes all those compounds -
of synthetic or natural origin which contain a heterocyclic
base linked, through nitrogen iﬁ-nueleoside) or carbon
(C—nucieoside),'to the C-1 positién_of a sugar™™A number of

< ,

important recent reviews on the subject are available!’2s? o

A relatively new groyp of naturally occurring nucleosides

recently. They are the C—nucleosxde antlblotics, formycxn (1),
formycln B (2), showdomycin (3), pyrazofurln A (pyrazomycln A) . |

(4), and oxoformycin B (5). Also belonging to this class of R

clogg analogue of pseudour1d1ne (7). All, except pSeudouridine

and oxoformycin B,‘%ossess a variety of antibiotic properties
and many exhibit anticancgr and antiviral activities. These

biological properties, together with tHCir unigque structuralﬁ;f‘ -
feature, a C-C linkage between 'the heterocycle and the s;;if X

[

b



_biochemical properties and chemical synthases will be

have elicited many efforts directed toward the synthesis of

such compounds or analogues thereof. Their biological,

discussed.

(4) (5) - (6) X=0 . -

; ‘ ‘ L | o (7) X=NH

(1) Biological ggd biochemical groéertiés of C-nucleosides

‘Biological activity of C-nucleosides has been obsefved

a3yt SN,

.

in a_ wide range of organisms. Aspects on the chemistry and.

biochemistry of c-nucleosidesghase been reviewed by

[P —

]
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'Shewdomycin (3) is a broad‘epecfrﬁh antibfbiicﬂ It is
active against Ehrlich ascites thmor cells?® It inhibits '

growth, protein and DNA synthesis, and the transport of sugar

and amino acids in Escherighia colil It appears that the -

. : - -

maleimideoaglycon moiety of showﬁohycin fs an active alkylating’

agent which is espeécially active towards the sulfhyeryl group

of enzymes. Due to the structural resemblance to uridine this

antiblotic acts also a¥% a urldlne antagonlst7 ) » ‘
Pyrazofurin A (4) shows antiviral actmvmty agalnst rhlnovirus,

measles, lierpes simplex, and vaccin;a viruges in culture célls.

The observation of specific reversal of igs antiviral act;vzté

by uridine and uridine mono;hosphate poiﬁts to pyrihidine

blosynthetlc pathways as a poss;ble vulnerable site of growth

.1nhibition. Uridine reversal of pyrazofurin A act1v1ty suggests

orotldylic acid decarboxylhse inhibition as a probable mode of

action?
Formycin (1), an &nalogue of'adenosihe,’inh;bits*manj

agspects of purine metabolism in chemoéherabeutically sensitive

. Ehxlich ascites tumor cells including the leukaemia LlZlQ‘and

‘ >
influenza A viruses!® T e . \

Fermycin B (2), a; inosine.ana%%éue, is produced from
formycin by the action of adenosine de;;ninaseil Agricultural,
potential against }ice plant‘disease caused by Xanthomas oryzae
has been noted:? o .

Another survey'dealing'witﬁ C-nucleoside reseerch includes
L . R ~

A

L.
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~a digcussion of the relationship. between nu0160ﬁ1de.oonfqrmatxon<

and bioloqical activities by Ward and Reich13 Due Eo the,} ’ {
increased bond\length of the c-C qucosidlc‘linkage in -
C—ﬁucle051de compared to the C-N bond in N-nucleoside, the

rotational berrier about this llnkage is lowered and the

n

C-nucleoside can assume the suitable conformation for 1nteraction

[

" with the aCtiVE‘Slte.

]
’

The glycosyl bond of b-necleosi&es shows an increased:
stability towards chemical ahd enzymatic atteck‘re1a§EVe to
thair_N~nuc1eosice counterparts.gProtonation on the oxygen .
or nltrogen atom)of N-nucleosides leads to C-N bond cleavage

to give the free base and free sugar. I* since C-nucle091de_is
more stable ‘in this respect, it should exhibit. a prolonged
. #- .),L.:

. acti'Vity . ' , l‘ ¢ -

o . ¢
9 > !

v Y

. X N
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In spite of a great deal of efforts to develop antiviral
agents of C-nucleoside, no medical usefulness has thus far

been demonstrated for members of C-nucleoside class. The

preparation of additional C-nucleosides by synthesis or by
modification of naturally available materials, together with
a detailed understanding of structure-activity relationships,
will assist in the realization of the therapeutic potential

of this versatile class of agents. For the chemist, these

relationships will suggest a general approach for the preparation

of C~nucleoside antibiotiqs.

[P

(2) Syntheses of C-nucleosides

(a) Pseudouridine, oxazinomycin and related compounds

Pseudouridine (7), 5-B-D-ribofuranosyl uracil, was

discovered in 1951 as a nucleotide in an alkaline hydrolyzate !
of calf liver RNA!® Its structure was determined in 19591°8
and the structufal assignment for it has been reviewed:’ The
chemistry!® and biochemistry'® have been reviewed and its
n.m.r.2% e.m.r.2! and mass?? spectra have been reported in detail.

., Pseudouridine has been synthesized by a number of
investigators. In the first reported synthesis by Shapiro and
Chambers’® 2,4-dimethoxy-5-lithium-pyrinidine (8) was condensed

with 2,3,5-tri-0—benzoyl-ﬁ—ribofuranosyl chloride (9). After ;

.
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(10)

(12)

e

Bz0 o
+ |
820 0Bz “a
(9)
cHO
0
+ —o0, >—Ph
> #
— />»—Ph
0o
(11)
AcO (o) /)'
0
(13)

(7)

removal of the protecting groups, the natural product was

obtained in 2% yield. The yield of pseudouridine was improved g

up to 18% %y-éondensatioq of 2,4-di-tert-butéxy—5-;ithio—

pyrimidine (10) with 2,4:3,5-di-O-benzilidene-aldehydo-D-

ribose (11)%#“r%5 Another synthesis involves the reaction of

2,4-dibenzyloxy~5-lithiopyrimidine (12) with S5-0-acetyl-2,3-

0-isopropylidine~D-ribolactone (13). Reduction and acid

hydrolysis gave a 10% yield of pseudouridine?®

Many related compounds have been synthesized and their




properties studied. When the above pyrimidine (12) was allowed

to react with the 2,3:4,5-di~0-isopropylidene~aldehydo

derivatives of D-xylose, D-arabinose, and D-ribose, the

following products (14,15,16,17) were obtained?’

H
5 HO—
HO—
HOq o L oH
— OH
e O H
H
(14) (15) (16)

O. H

o HO— \ Q
p—OH

—OH H

—OH

—0H

1]

(17)

A carbocyclic analogue of 2',3'-dideoxypseudouridine

(20) has been prepared by a multistep synthesis starting from

norbornylene (18) -and proceeding via the key intermediate,

the lactone (19)2°®

(185 (19)

(20)

. andthe e



In a series of papers, Bobek et al. published the

9

syntheses of 6-azapseudouridine?’® and its analogue?l’ For

example, reductive ozonolysis of 2',3',5'-tri-0-acetyl-
pseudouridine (21), followed by treatment with thiosemicarbazide
and cyclization, gave the 6-azathiouracil derivative (22).
Methylation Qith methyl iodide and acid hydrolysis yielded

6-azapseudouridine (23),

o}

A

HN NH

o Z

» Ac 0

AcO OAc

(21) © (22) ' - (23)

Recently the synthesis of pseudocytidine\(ZB) was reported
by David et al!! Reaction of (24) with 2,4:3,5-di~0-benzylidene-
D-ribose (25) aﬂd hydrolysis with acetic acid produced (26)
and (27):7Treatment of the mixture with sodium nitrite and
acetic acid afforded pseudouq}dine (7) and its a-anomer, while

cyclization of the mixture with 1N hydrochloric acid yielded

pseudocytidine.
HO
-
~ .
IN + LN
X NH%F—
Li

(24) (25) (26) R=OH, R'=H (28)
(27) R=H, R'=OH A

MG o




Fox and co-workers!? reported a synthesis of pseudoiso-
cytidine (31) from the D-ribose derivative (29). The key
intermediate, the 2-(D~-ribofuranosyl)-2-formylacetate derivative
(30) (Rsaikyl, H) , was converted to the sodium enolate (R=Na)

which was treated with guanidine and sodium methoxide to afford

(31) after removal of the protecting groups. Iy

Tr o, T o
OH —p

(29) (30) (31£

Oxazinomycin (6) was isolated by Sasaki et-all® It showed
antitumor and antiviral activities. The synthesis of this
compound has not been reported to date. The_synthes;s of model
heterécycles (32,33), based on addition reaction of a ketone

to chlorosulfonyl isocyanate, was reported by Rasmussen et all*

- ‘Y H ‘
R R ]
. R‘ " R.: , . .

(32) R=Ph, R'=&H3
(33) R=CH; R'=Ph
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(b) Showdomycin and related compounds

¥

The C-glycosyl nucleoside antibiotic ghowdomycin (3)
was first isolated from Streptomyces showdoensis by~Nishimura
et all® Its strycture was confirmed as 2-(B-ribofuranosyl)
maleimidel® Its n.m.r.?? c.m.r.?! and mass’® spectra have
been reported.

The first synthesis of. showdomycin has been briefly
reported by Kalvoda et all!® It involved, as the key intérmediate{
the keto ester (34) which was prepared via ozonolysis of
1-(2,3,5-tri-0-acetyl-g-D-ribofuranosyl) ~-2,4,6-trimethoxybenzene.
The keto ester was- condensed with carboethoxymethylqnetriphenyl—
phosphorane to give the maleate ester (35). Five additional

steps via the maleamide (36) were necessary to obtain showdomycin.

Ac Ac

(34) (35) ‘ (36)

Trumnlitz et al'’ has demonstrated that the key
intermediate, the keto ester of type (54), possesses great ',.n
potential for the synthesis of C-nucleosides. They reported .
a much simplified, two-step conversion of the keto ester iﬁté.

showdomycin via the reaction of methyl 3,6-anhydro-4,5,7-tri-




0-benzyl-D-allo-heptulosonate (37) with carbamoy}méfhylene;

triphenylphosphorane (38) fqllowed by debenzylagian of the

resulting maleimide (39).

8n 0 0 . . ' (39)

gn0O 0OBn

C,
: /
. P33 3
(37) {: OCON;,

(41)

They extended the above synthetic route for the preparatlon

!
of 3-methylshowdomycin (41) via the corresponding reaction

with l-carhamoylethylidenedimethylphenylphosphorane (40)'.’I

i
4 - L

(c) Pyrazofurin A and related compounds

\

The pyrazolic C-nucleoside pyrazofurin A, 3-(1'—Bam~.‘*z

.ribofuranosyl)—4-hydroxypyrazole-5~carboxamide (4), was

w

PN L.

PP OO S PRSP
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¥

isolated from fermentation of a strain of Streptomyces
candidus?!? This organism has yielded a-second factor, which
was identified as the a-anomer, pyrazofurin B (42)!® The c.m.r!"

and mass"’ spectra of pyrazofurin A have been reported.

H ONH,

(42)

The first synthesis of pyrazofurin A has been treported
by Farkas et al!® Condensation of the keto ester (34) with-
l-benzylhydrazinoacetic acid gave the hydrazone (43). Five
further steps y%elded pyrazofurin A (4) in low yield.
ONH,

OOCH, cH OOH_

1

AcO <c Ac ¢
(34) (43) . . (4)

-
Bernado et al?’ has deséribed a new synthetic route which

t

allowed the preparation of both anomers (4,42). Reaction of-the
' g-D-ribosyl btomide (44) with diethyl 1,3~acétonedicarboxylate
‘afforded the diethyl ester (45)\\Diazotization‘ofk(45)Iwith

RN
\ - ~
B -

~

-
4

-

) - . ' ‘
" , . Tt

s r
vt . - ' v
.+ N k - i -
P - e APRE T A
R R I S s Tt s, Y,
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p-toluenesulfonyl az}de followed by ‘treatment with sodium
ethoxide produced tﬁe‘4-hydroxypyrazole (46). Ammonolysi§
and hydrolysis completed the synthesis of (4) and (42).

AT AT

(46)

COOEt.

(44) g {45)  gacoc cH Noﬂp

L3

In recent years, the éynthéses of many pyrazolic and ,
lSOXdZOllc analogues of C-nucleoside have been: reported.’
Moffatt aqd co-workers*® reported the synthesis of 4-(8-D-
ribofuranosyl) pyrazolé. Condensatlen of the 2,5-anhydro-D-
allose (47) with the approprlate phosphorane gave the
unsaturated ester (4%) whlch upon treatment with diazomethane
underwent a 1,3-dipolar cyclqaddltlo; to give the pyrazollne

(49). Dehydrogeﬁation’with chlorine and ammbnolysis gave-the.

pyrazole (50). /

£
%

.. (49) ; (50)




14
'. . Just and Ramjeesingh“’ also described the preparatioﬁ‘
of the pyrazole (50) starting from a non—carbohydrate source.
'Moffatt s group®? also reported the syntheses of 3 B-D-
ribofq;anosjl-l,z,4-oxadiazole (51) and 3-B~D-ribofuranosyl-
pyrazole (52). d . ’

M;COCH,

8z Bz

(51) ) (52)

13

Fox's g;%up5‘°reported the synthesis of triazole and
pyrazole C-nucleosides via l,3-dipo}ar cycloaddition reactions
on the triple bond of the C-glycosyl acetylene (53). 1,3- |
ﬁipolar addition of (53) with trimethylsilyl azide and -
diazomethane followed by ammonolysis gave the triazole (54)

R and pyrazole (55).

e
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Other workers have also utilized’the C-glycosyl acetylenes
to prepare simple triazole;? pyrazole}® and isoxazole®"
C-nucleosides-via 1,3-dipolar cycloaddition reactions.

. In a series of recent papers,‘Tronchet and co-workers
have published synthetic giprdééhes to C~-nucleosides in which
1,3-dipolar cycleaddition of sugar derivatives such as (56) and-
(57) with acetylenes led to isoxazoles®® and pyre}zoles56
respectively ipd in whicp the intramolecular cyclization of

(58) gave 3-B-D-erythrofuranosyl-l-p-nitrophenylpyrazole$’

MN—N—Ar . HC=C NNH‘@N(h
o

(56), (57 (58) 4
. . ) a
They have also prepared a_variety of C-1' functionalized

C-glycosyl derivatives, potehtial intermediates fyr the
pfeéﬁ?&t&bg*of C-nucleosides®® In a further extension of the

‘ ’above,work, they prepared the olefin suga}s (59) by a Wittig

reaction. Treatment of (59) with hydroxylamine and hydroxyurea
‘ gavé the amino—3-glycbsyl-S-isoxazole (60)"apd amino-3-glycosyl=

' 5-igsoxazole  (61) respectively:®
& . ' b
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(60) ,

(61)

~

Just's group®’ has reported another key intermediate,
the hemiacetal (62). Oxidation with Coilins,:quent or :

Fetizon's reagent gave the lactone (63) which was condensed

with aminoguanidine. Hydrolysis with trifluoroacetic acig

produced the triazole C-nucledsiQe (64) .

(62) (63). (64)

8] .
= Stxarnmray N T AR N e
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'

et alf! viaq?imilar route. They prepared the lactone (66) in
five steps from‘the‘tetrachlorobicyclo compound (65). )
Condensation of (66) with aminoguanidine and hydrolysis{gave

the 3-amino-l,2,4-triazole (67).
ﬁﬂn

o

’ i
. ] _
{]
cl o 3
: q-’,

(65) (66) (67)

(d) Formycin and related compounds

. .
| - L4
Formycin (1) was isolated by Hori et alf? from-the .

’ X

culture filtrates of Norcardia interforma. Koyama and. Umgzawa
isolated alsecond antibiotic, formycin B (2), from N.

interforma.- The x-ray analysis‘“ n.m.r. and u. v.,s c.m.r.5®

2

and mass” spectra of,formycxn and formycln B have,peen

o
L]

reported.
LA

I3

=]

Acton et al®? reported the synthesis of formycin B via
l,3-dipoiar addition of the diazosugar (68) to dimethyl
acetylenedicarboxylate. @ﬁmmnol§sis and treatment with hydraéine

afforded the hydrazide (69) which was converted to the

o -

—y

e

e - TR IR, L wTEL 8 e T
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4-azido-3-carboxy pyraé%le (70) . After -a Curtius rearrangement
andomethylatian, treatment of (71) with formami&e and :
a L4 . s |

hydrogenation a;forded formycin B (2).

Farkas and Sorm®® synthesized oxoformycin B (5) b¥ |
transfoxﬁihg‘the éompound‘“ﬁ&) into the azide (72), followed
by heating in tert-<butanol and debenzylatiom with sodium in « ;

liqﬁid ammonia. . . ‘ *

¥
%
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They also reported the synthesis of an analogue of

Y

oxoformycin B using the intermediate. (68). Conversion of (68)
into the diester (73) and treatment with hydrazine afforded

the hydrazide (74). The acid-catalyzed cyclization and

)¢

debenzylation led to the oxoformycin analogue (75

BnO 0OBn

(73) (75).

\

N
Acton et al?® described the synthesis of the D-arabino
epimer (79) of oxoformycin and its a-anomer. 2,3,5-Tri-0-
benzyl-D~arabinofuranosyl bromide (J6) was converted to the

l-diazo sugar (77). Dipolar addition to dimethylenedicarboxylate

1

and selective ammonolymis afforded the 4-ester-5-carboxamide

o]

(78). Hydrazinolysié, Curtius raction, and debenzylation as

described before yielded B-D-arabino epimer (79).
»

i -

NH,CO

/ h CH,00C
Bn ' -~ Bn 0 BnO— -
Br —» HN; - - —
" Bn 1

(76) . . ) (78)
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Mpffatt's group’’ has reported the synthesis of 3'-deoxy-
and ZVEdeoxyformycin by chemical modification of formycin. “§§
The reaction of formycin with 2-acetoxy isobutyryl bromide gave |
both 2'-0-acetyl—3'-bromo-3'-debxy-B-D-ribofuranosyl (80) and
3'~0~acetyl-2'-bromo=-2'-deoxy-8-D-arabinofuranosyl nuclegsides
(82). Treatment with ammonia and catalytic hydrogenolysis of
the appropriate compounds gave 2'-deoxyformycin (83) and 3'-

deoxyformycin (81). . {

v
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o B s o v R




; o 21
|
(i' In summary, the methods described above for the synthesis
of C-nucleosides can be classified into three general types

as follows:

(1) The conversion of some available C~-nucleosides to prepare
new ones. )

(2) Direct condensaéion of suitably blocked sugar derivativgs
with appropriate h;terocyclic_bases. 7

(3) The multistep elaboration of the desired heterocycle from
a C-glycosyl derivative functionalized at the C-1' position.

Since the third approach to date has been less explored
u a and more versatile, this mekhod was chosen. for the preparation

of C-glycosyl nucleosides. In this thesis, approaches to the

synthesis of the arabino and 2'-deoxy epimers of the

C-nucleosides showdomycin and pyrazofurin A have been studied.




Chapter I

[ 4

Synthesis of 5-carbomethoxy~2-exo-3-endo-di-tert-~-butyldimethyl-

siloxy-7-oxabicyclo [2.2.1] hept-5-ene

Considerable effort has been made over the past severa;
years to‘develop rational schémes for the synthesis of C-glycosyl
nucleosides. A perhaps more versatilg)and successful approaqh
to date ipvolves the multistep elaboration of the desired’ ]
heterocyclic system from a C-glycosyl derivative (8%)
functionalized at the C-1' substituent. Since the carbon-carbon
bond joining the sugar moiety ahd heterocycle is already

present, this route permits the formation of anomerically pure

C-glycosides.

a, X = COCOZCH3

*
R c, X = CHO
(84) (85) d, X = CEC~COOR

Asg parﬁ of a programme to synthquqg C-nucleosides, we
Ey .

were interested in devéloping a method to prepare arabinose
AN

derivatives (85). . ‘
The synthesis of C-nucleoside requires intermediates of

typé (85) which is as yét not readily‘available. The olefin

-




. - - - R
) v .- PR -
. - o . ™ —
. . T N v
’ - . N 5o N '
S, ‘ I Teo YL % e

23

(:) ester (86) having the proper stereochemistry could be a

precursor of such an intermediate, because oxxdative cleavage
of the double bond would result in the formation of the
desired sugar bearing the proper functional group at the Cel'

position (87,88). The oxidative cleavage has, in fact, been

utilized in, several total syntheses in our laboratory.

0OCH, OOCH, OO0CH,
OH -0 HOO! 0 o
0 — l -
RO : ‘ R
. (86) ) (87) (88)
' 3

I8

This chapter details the preparation and stereochemistry
of the olefin ester (86). The rigid structure of the 7-oxa-

bicyclo [2.2.1] heptyl skaleton will offer a logical starting

point for the syﬁthesis of such coﬁpounds.

. The 7-oxabicyclo [2.2.1] heptyl system has been employed
. in synthetic’' and mechanistic’? organic chemistry as well as

' applied chemistry’® The most St;aightféxwérd approach to the

\coqstiuction o the 7+oxabicyclo [2,2.1] peét-s-ene framework
takes- advantage of-the'Diels-Alder reaction between furan and .
i L a suitable dienophile. Unfortunately, due to the aromatxc

character of furan’" and the. strain of the bicyclo system75

EU . the cycloadducts,are rather prone to uqdergo reverse piels-

3

Alder reactions. Consequently only with the use of very reactive

~.
i
%
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dienophiles can respectable yield of prpduct be attained.
For’éxample, it was reported that five weeksﬁare required to
obtain a 39% yield of.2—cyan9-7-oxabicyclo [2.2.1] hept-S-ege

from furan and acrylonitrile!® Likewise, the cycloadduct from
furan and methyl acrylate is produced in less than 20% yield

after a month or more!’ The following results may therefore

be of interest in connection with the chemisfry of the intensively
investigated norbornanes and norbornenes.

Treatment of methyl B-nitroacrylate’® (89) with an excess

_of furan at room temperature overnight gave in quantitative

yield a mixture of the isomeric adducts}!® from which the endo-

-nitro adduct (91) was obtained crystalline and the exo-nitro

adduct (90) as an oil. Exo-nitro/endo-nitro ratio of the adducts

was calculateéd to be about 1/2 by n.m.r.'spectroscopy.

™ No’ ‘ | ? . OOCH,
> + \l —"' 1 + " 4 o
' . CH, OOCH, 0, T

(89) . (90) (31) .

Separation of the adducts allowed for complete analysis
of the n.m.r. spectra of the isomers. The'é-z/protons in the

endo~ and exo-~isomers showed considerable difference in
r ‘

.chemical shift and multiplicity. The C-2 endo proton of the

) s

-
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(J2 3=§;Hz). The corresponding C~-2 exo proton of the'exo-nitro - .

*The mixture of furan and methyl B—nitroaérylate was sealed in -

N —

endo-nitro adduct was observed as a doublet at § 3.23

adduct appeared as a multlplet at § 3.90. The large difference
in chemical shift (0.67 ppm) is probably the result of a
deshielding effect of the 7-oxygen or a difference in shielding
effect of the olefinic bond?® The C-5 and’C-G protons had
different chemical shifts in the endo-nitro adduct, and each
proton was observed as a quartet of an ABX system, while the
C-5 and C-6 protons in the exo-nitro adduct showed a-broed
singlet. Chemical shifts and coupling constants are given in

experimental part.

»

¥

Since the endo/exo ratio in Diels-Alder reaction often
depends on the reaction conditions, we examined the equilibration
of the 2-carbomethoxy-3-nitro-7-oxabicyclo [2.2,1] heptds—ehef

in order to gain some insight into the distribution of products,
' *

an n.m.r. tube and maintained at 45° byfmeans of water bath.
The C-3 proton of the exo-nitro isomer and C-2 proton of the ’
endo-nitro isomer were monltored. A one-proton doublet at-§ ; .
3.23 (J=2 Hz) appeared first and 1ncreased in intensity while

a second resonance at § 4.82 (4, J=2 Hz) appeared at a slower

rate. After 8 hr the ¢§ 3.23 resonance‘reached a maximun and’

started to decrease, wﬁereas the 6§ 4.82 resonance continued

ta increase. After approximately 4 days the relative intensities L

of the two reson

'esiremained constant. The equilibrium




~“with nitroethylene. 7
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constant (exo-nitro/endo-nitro) was calculated to be about 2
at 45° from the inteérated areas of the & 3.23 and 4.82
resonances. The total yield of/the adducts was approximately

N : ,
80% at the temperature examined. The mole fraction of both

. adducts decreased with increasing temperature.

' Konig and' co-workers®® reported the similar resrlt that

' thg @ndo-nitro‘isomer (92,93) predominated in early stages

of the Diels=Alder reactiéng of furan or 2,5-dimeth&l furan

- \;\

»

’ NO,
A

(92) R €-E) B B

/

Pyrolyéis of the:,ndo-nitro adduct (91) at ilb°/10 mm' Hg
smoothly ylelded methyl B—nitroacrylate (89) due to the.
relative ipstability of. [4+2] adducts from furan and digﬁsﬁhiia

S HT-pew

” O, #

(1) . - (89)

"\.‘

(9%

“Q{
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Prolonged treatment of the adducts (90,91) with m-chloro-
perbenzoic acid®! proceeded stereoselectively to afford the
exo-epoxides (94,95) respectively. The broducts showed a

1, which was in agreement with

sharp i.r. band at 858 cm~
absorption of numetous other compounds containing fused epoxide
rings?? It iqlknown’that epoxidation in bicycloheptenes and

7-oxabicycloheptenes occurs from the less hindered exo side??

4

The structure and stereochemistry of the epoxides were
also determined by n.m.r. spectroscopy. The J values. in
7-oxabicyclo [2.2.1] hept-5-ene are well established’? 3
between cis protons is quite large (abou£ 8 Hz) compared with
about 4 Hz found for the trans proton. élthough the bridgehead’
proton couples with the exo proton with a J -of 4 Hz, it fails
to couple with the endo proton. Similar features are pbservea<
in the norbornyl system$*

( By analogy, the n.m.r. spectra of the epoxides were
interpreted as follows.'We'wquld'expect that the low field proton
a to the nitro group in the ctompound (94) would appear as a

doublet, and in (95) as a quartet or a triplet (X part of

[ Anrmna % — e .y B L s ey
et EI VAT o T OIS Y B2




[,
.

-

AMX system) . As shown in Table 1, we found'that the C-6 proton
appeared as a doublet (J=4 Hz) in (94) and ag a guartet |
(J=4 Hz) in (95). This interﬁretation was substantiated by
spin-spin decoupling. Irradiation of the C-6 proton of (95)
caused the doublet for thé C-1 proton to collapée to a singlet. -
Brldgehead C-1 and C 4 protons showed differences dn mult1plic1ty
based on dihedral angle dependent Jl 6 and 34 5 coupllng
constants. The C~2 and C-3 protons were seen as a quartet of‘
an AB system. No assignment of the C-2 and c-3 protons was
mﬁde. '

In order to get additional proof for their structures,
the epokidesr(94,95) were trea;ed with diazabicyclo 15.4.0]
undec-5-ene (DBU)®‘ in reflgxing méthylene chloride to give

the ' D,L-olefin epoxide (96) .

(96)

Its n.m.r. spectrum showed an AB quartet centered.at § 3.55
for the C-2 and C-3 protons. The signal from the C-1 proton
‘which coupled Qith the C-6 pgbton appeared as a doublet at
'§ 4.88 with J=2 Hz. A singlet at & 5.00 represented the C-4

. proton. These arguments support the concept of exo approach

«
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N, Chemical Shifts and First-Order Coupling Cpnstanf:s ft\)x“./the Epoxides
Compounds H-1 H-2 (3) H-3 (3) H-4 . 5 H-6 OCHB' »;{i
- N\ 5-10 s 3.63 4 3.73 4 4.88 a 3.93q 5.254d 3.73_s N
\ ’ ’ T ot
(-94) \ ?l{sw J”' 3=4 JB ' 2=4 J4 ’ 5=4 J5 . 6=4 * - ':
9,250 92170 3,470 34,370 ' I5,474 "
- \ . . . ‘i:'q
. & - ” & : ;:’f‘:.»
(95) . 4,93 4 .43 4 3.53 4 4.83 s 3.76 4 gx
. _ g - T,67 2,37 J3,274 Js,550  J5,6™ ;
L 91,270 92,570 J3,4%0 94,370 Js5,4
Spectra are recorded at 60 MHz in DMSO'-dS. Chemical Shifts
' constants in Hz. ' ' '
i‘ )
: ~ ’ ’
|
®
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af‘p iracid on the .7-oxabicyclo T2\2 1] heptene system. The
qorre tness of the above asslgnmene\WLII be further proven
by the 1a¢tonlzatlon of (94). Since %\Lumber of halosugars
have been prepared by cleavage of sugéx epoxides, this compound

could also provide the precursor for halosugars. For example,’

' methyl 5-0-acetyl-z-bromo-i-deoxy-B-D-%f;ofuranoside and

methyl S-O-ecetyl-3-bromo—3—deoxy-B-D-arabinofurandside were

brapared by cleavage of a sugar epoxide by maghesium bromide?¢
| Treatment of  the endo-carbomethoxy epoxide (%24) with

acetic-acid and hyd;ochloric acid at 90° ggr 2 hr provided

“the desired hydroxy lactone (97) in 60% yield.

NO,

0QCH, -

(94)
S S
The 2,6 rather than the 2,5‘regioselectivity of lactonization

was also observed in analogous compound (98), for the product

(99) of which a rigorous structure proof exists?’

OOCH,

(98)
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The exo-carbomethoxy epoxide (95) did not lactonize under
the conditions as described above, thus confirming the
stereochemistry”%f (94) and (95) assigned previously.

The nﬁm .r. spectrun of y-lactones in theﬁﬁlcyclo [2.2.1]
heptyl series are of spec1al 1nterestvbecause the blcyclo system

with its rigid structure has served as a substrate for the

‘generation and evaluation of riumerous mechanistic hypotheses

in modern organic chemistry. The cha:acteristié features will

bé discussed here.

(100) E - (101) -
X=I, Br, OTs, OAg, D '

The n.m.r. spectra of y—lacténes in several bri&ged

bicyclo [2.2. 1] heptane derivatives (106) have been analyzed -

in detail by Moriarty et all® They observed the follow;ng

results: (a) the viginal coupllng constant J (J ) "

1, Gexo 1,2ex0

is around 5 Hz; (b) J4 Sendo (J4 3endo) is O 5 Hz; (c) |
JSendo,Gexo is 0 Hz; (d) the C-1 proton appears at a lowver field

position relative to the C-2 proton which'is attached to the

carbon atom bearing the carbonyl group of the lactone. The .

reason for the unexpected reversal 'in the chemical shifts of
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these protons is that the C-1 proton is located in the region ,

‘of maximumndeshleldlng. The same conclusion was reached by .

n.m.r. study of the y-lactone of 7-oxabicyclo [2.2.1] heptane

(L01)2° . : §

By analogy with the spectra of similar lactones, we were

able to interpret the n.m.r. spectra of the hydroxylactonef(S?).

The signal of the C-1 proton is split into a triplet at § 5.60
(J=5 Hz) due to coupling with the C-2 and C-6 protons. The
downfield shift of about 0.7 ppm for the C-l1l proton compared

to the C~-4 proton in compound (94) is probably due to the
deghielding effect of/t;e lactone cdrbonyl group discussed
above. A doublet Qas observed at ¢ 4.63 (J6,l=5 Hz) for the =
C¥6 proton. Like the C-6 proton, the C-2 proton showed a‘doublet
at & 3.63 (J2 l=5 Hz) . The remaining protons gave s;nglets at

s 4. §0 (H-5), 5.25 (H-4), and 5.33 (H-3). An exchangeable proton

~was found at 6 3 36 ' Spin-spin decoupling substantiated our

,'interpretatlon (see Fig. 1). Upon 1rrad1atlon of the C-1 proton,

the original doublets for the c-2 and C-6 protons collapsed

to singlets. Decoupling the doublet for the C-6 proton collapsed

the triplet for the C- l proton to a doublet. Therefore,_the

'C-1 proton coupled with with the c-2 and C 6 protons. .
The i.r. spectrum of (97) showed a strong absgrptzon at

-1800 cm. -1 for the y—lactonen Moriarty-et ‘al?’ explains that

abnormally hlgh carbonyl\stretdnuﬂ frequency is attributable

’n’to dlpolar destabllization between the lactone dipole and

I
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Fig. 1, Downfield portion of the n.m.r. spectrum of compound (97)

i

- |
() | |
H

i

H

i

at 100 MHz in (CD3)2CO.
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the dipole of C- OH Jbond inh ground state. This compound was also
completely 1déntified by mass spectrometry and elemental
analysis u

In order to increase the yield of the _hydroxy lactone (97) ,
a dlrectﬁlactonlzatron frqm the Diels-Alder adduct was attempted
It was reported that methyl bicyclo [2.2.1]" hept -5-ene-2-
carboxylate un&erwent oxidative lactonization using formlg acia
and hydrogen peroxide91 In our case, treatment of the exo-nitro
adduct (90) with formic acid ard hydrogen peroxide at 45-50°

bvernight gave onily thre c¢orresponding epoxide (94).

R NO,

(102) R=Ac

(97) |

(103) R=THP

Attempts to acylate the hydroxy lactone (97) with acetic
anhydride or pivaloyl chloride in pyridine failed, leading to

decomposition products. However, acetylation using acetic

,anhydride and p-toluenesulfonic acid monohydrate gave the

crystalline acetate (102) in 70% yield. The characteristic
downrield shift®? of about 0.7 ppm for the C-5 proton in -
compound (102) comparéd to the C~5 proton in compound (97)
confirmed the previous assignment of the C;S proton in

the hydroxy. lactone.

- Fa ]
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The hydroxy lactcone (97) was found to react rapidly with
dihydropyran in the presence of p-toluenesulfonic acid in acetone
to give the tetrahydropyranyl ether (103). Examinatibn of the
product by t.l.c. revealed the presence of approximately equal
amounts of isomers at the new epimeric center generated,

Attempts to transform the lactone (103) into the unsaturated
ester (105) using one or more equivalents of sodium methoxide
in methanol, the conditions which had cleanly converted the
bromolactone in the bicyclo [2.2.1] hep e series to an
analogous compound}® failed because of the formation of the
sodium salt (104) and a mixture of several unknown products.
There are numerous reports that the sodium salt formation of

the nitro compounds occurs rapidly by sodium methoxide?*

THPO %o
™ No, ¥
(104)
1 \
(103)
TH
\
KW
" 00CH,
(105) R=H

(106) R=AcC’
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However, treatment of the lactone (103) with DBU or
triethylamine in methanol under reflux afforded the olefin.
ester (105) as an oil accompanigg by varying amounts of the
methoxy lactone (108), m.p. 134-136°. The n.m.r. spectrum of
the olefin ester showed a one-proton doublet at § 7.17
(J=2 Hz) for the vinyl proton which coupled with the bridgehead
proton. A shar§ three-proton singlet appeared at § 3.76 for
the methyl ester. The i.r. spectrum showed a sfrong carbonyl

1 and no

absorption for the ester carbonyl at 1720 cm~
absorption for the nitro group. The olefin ester (105) was
characterized as its acetate (106).

The structure of the side product was derived from its
i.r. spectrum which indicated the presence of a lactone

1 and its n.m.r. spectrum which

carbonyl'absorption at 1800 cm”
showed a methoxy group at § 3.40 and the absence of vinyl proton.
The yield of the side product was found to increase with an
excess of DBU and longer reaction time. Therefore, it was

obvious that the oclefin ester (105) was transformed to the
methoxy lactone, presumably via tﬂ:\borr38ponding catbomethoxy
alcohol (107)‘with subsequent relacﬁonization. Some spectroscopic
and t.l.c. evideﬂﬁe for the formation of this intermediate

could bébobtaineé, bué it could not be isolated in a pure

state. The stereochemistry of exo-methoxy and exo-hydrogen

of the intermediate is presuﬁably the consequence of intitial

attack from'.the more accessible exo-side of the 7-oxabicyclo

A
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[2.2.1] heptene ring followed‘by thermodynamic exo-protonation
of the resulting enq}ate. This type ofiponjugated addition of
nucleophiles to the’ﬁorbornadienes also proceeds smoothly

and stereoselectively under basic conditions?®

THP THP OMe THPO_ ~OMe
e H —_—
H
H 0OCH, H 00CH, ,

(105) (107) (108)

At this point, it’became apparent that the tetrahydro-
pyranyl protecting group obscured the n.m.r. spectra of (103)
and (105) enough to make some of the assignments doubﬁful.

In conce@ving a synthetic route to showdomycin itself
or analogues we must bear in mind that, while this compound
is very stable under acidic conditions3®s/36 it is very iabile
in base, owing to a rapid Michael type of addition of the
5'-hydroxy group to the maleimide:dou?le bond!® In view of
this alkaline instability of the final product, we decided
to use tert-butyldimethylsilyl group for the protection of
our sugar moiety. It is known thaf tert-butyldimethylsilyl
ethers are staple to aqueous alcdholic base under normal
conditions and removal of the siiyl protecting group can be

accomplished using tetra-n-butyl ammonium fluoride or acetic

»

,
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acid?® Therefore, this‘group appeared to be suitable for R

cartying out the subsequent reaction. ' ]
After hydrolysis of the tetrahydropyranyl ether (105)

with aqueous acetic acid or 0.1N hydrochloric aéid iqlmethanbl,

the resulting diol (109) was directly silylated with tert-

butyldimethylsilyl chloride and imidazole in dimethylformamide®®

at room temperature for 24 hr, giving the disilyl élefin.

ester (l10) in low yield.

THP ' H

———
TTTTT—

(110) R=5i(CH,) ,C(CHy)

{111) R=AcC

-7 (112) RSCOC(CHy),

—

The n.m.r. analysis of the product (see Fig. 2) showed-that
the gtereochemistﬁy d%/;he C-2 exo~ and C-3 endo-hydroxy groups
we planned\to‘introduce had been retaingd. The assignment
of resonances correspondihg to the bridgehead C~1 and C-4 protons
was straightforward. The expected larger value of J4'3a4 Hz
over J1'6=2 Hz was of diagnostic value here, and was consistgﬁt
with a number of 7-oxabicyclo [2.2.1] hept-5-ene in our series,
Therc—4 proton appeared as a doublet at §4.85 (J=4 Hz) and

the C~1 proton resonated as‘a doublet at § 4.62 (J=2 Hz).
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(7) The C-6 proton which coupled with the C-1 groton appeared as

a doublet at § 7.02 (J=2 Hz). Tﬁe C-3 proton appeared as a
doublet at § 4.02 (J=4 Hz) due to coupling with the bridgehead
C-4 proton. The C-~2 proton occurred as a %inglet at 6§ 3.54
siﬁce there was no coupling between C-2 endo and C-3 exo
‘protons. Reasonable consistency prevéiled for the relative
“chemical shifts and cpupling constants of strqqturally related
,compounds. ﬁhrther proof of the above assignment-was made by

g spin-spin decoupling. Decoupling the doublet at § 7.02

caused only the doublet at § 4.62 to collapse to a singlet.

Irradiation of the doublet at 6 4.85 collapsed the doublet

at 6 4.02 to a~sinélet. Therefore, spin-decoupling readily

x distinguished the C-1 proton from the C-4 proton. - \
+ The diol (109) was also transformed into its diacetate (1l11)
and dipivalate (112) . .
The n.m.r. spectrum of the dipivalate (112) showed sbmiiarity
to that of the disilyl olefin ester (110). The C—@ prctdn

appeared as a doublet at § 5.23 (J4 3=4 Hz) due to coupling
A ’

§ with the C-3 proton at § 5.03 (J3 4=4 Hz) . The C-1 proton
- ¥ [J .

coupled with the C~6 proton at § 7.21 (Js'l=2 Hz)'to give a
doublet at & 4.94 (J1,6=2 Hz)fiThe'c-z proton appéared as a
singlet at & 4.52 as expected. Methyl ester and pivalate protons
were observed as singlets at § 3.74, 1.23 and 1.10 respectively. .- i
‘ To get further proof for the correct stereochemistry 6£

- transg relationship of hydroxyl function, the clefin e§%§x;(105)
. ) | ‘ ’
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(115) (114)
f R%COC(CH3)3

was converted to ihe‘dipivalate as follows. Tréatment of the
olefin ester with éivaloyl chloride and pytidine afforded
the piwvaloyl olefin ester (113). Hydrolysié—of éha~tetrahydro-
pyranyl ether of (113) with aéueous acetic acid gave the
hydroxy ole#in ester . (114). Once again, the hydroxyl fun¢tion
of (114) was protected. as its pivalate (X15). After pivalation,
the C—Z proton of (114) was shifted downfield by 0. 8 ppm, thus
confifming the previous assignment af the C-2 proton 1n
compound (112). This compound. was identlcal in all respects
(n.m.r¢, i r‘g with (112) obtained from the diol (109),

The above method allows the synthesls of differently
substituted olafin esters which are acid— and base-stable.

The only dzsadvantage inKOur synthetzc route tcward the olefin

r
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ester was Fhe introduction and deprotection of the
tetrahydropyranyl protgcting group. In order to avoid this
unnécessaiy step, the hydroxyl gioup of the hydroxy lactone
(97) was protected as tert-butyldimethylsilyl Ether-or .-
methoxymethyl ether. These reactions.ﬁilllﬁe discussed in

-

chapter II. “ L




O
Ty

-of the olefin ester into the keto ester will be described.

2
w2

/ . ‘
¢ . v, : A
Chapter II

Synthesis of 2,5-anhydro-D,L-glucose derivatives

Kl

(1) Synthesis of methyl 2-(28,3a-dihydroxy-2,3-di-o;tert-butyl-

dimethylsilyl-48~tert-butyldimethylsiloxymethyl-furan-18-yl)

glyoxylate (128) and meth&l 2-(28,3a~dihydroxy=2,3~di-0-methoxy-

methyl—4B-tert~butyldi@ethylsiloxymethyl-furan-le-yl) glyoxylate

A

(137)

v
< i

It has been demonstrated over the past several years that
the furanosyl o-keto esters (84a) are very useful as intermediates
for the synthesis of the C-nucleosides, showdomycin and
) h )

pyrazofurin A. Our first synthetic goal was to synthesize the

key intermediate, a-keto ester (116). Here, the ready conversiomw

1

(116) ‘

b Y
‘ [

. .The synthetic route for the prep&ration-of the olefin
ester with proper,s!%reochemistry was wéll established in : J

chapter I. The reaction sequence was repeated in gimplified

-
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(T3 ’ _manner to improve yields. -

The hydroxy-laétone'(97) was converted into' its tert-
butyldimethylsilyl eéher (117) by reaction with tert~butyl-
dimethylsilyl chloride and imidazole according to the
procedure of Corey et all® The crystalline product, m.p.
112-113°, was obtained in 90% yield. This process seems to
proceed via N-text-butyldimethylsilylimidazole, the co?jugated
acid §f which can\be expected to ﬁé very reactive silylating
agent. The silyl ether (117) was completely identified by (

its n.m.r. spectrum. The bridgehead C-1 proton appeared as a |
triplet at 6 5.51 (J=5 Hz) due éb coupling wiga the C-2 and
C-6 protons. Another bridgehead C-4 proton resonated as “a
singlet at & 4.84 because of no coupling with adjacent endo
protons. Two doublets at § 3.76 and 4.58 with J=5(§h were
assigned to the C-2 and C-6 protons, both of which coupled
with the C-1 proton. The J2exo0,3endo 204 3Sendou6exo
small to identify. Two s;nglets at § 4.00 and 5.14 represq@ted

the C-5 and C=3 protons. The tert~butyl and dimethyl protons

were observed as singlets at § 0.95 and 0.16 respectively.

“2

: (?7) e (117)'RﬂSi(?H3)2C(CH3)3

,-_3 E“‘g@x t;jx

\“\

were too - -

- 8%

ORI



J sy

.
“ R [
Co

Treatment of the lactene (117) with DBU in refiuxing‘
methanol for 1 hr gave the hydroxy olefin gstéf J{1l18) , resulting
ffom opening the lactone followed by elimi;;tiqp of nitrous
acid. After ready separatioﬂ by columh cAromaéography on
silicic acid, the. fast moving side product (119) was isolated
while the slower moving hydroxy olefin ester (118) Qas obtained
as an oil in 84% yield. ThiQ product was also dbtained when

the lactone was refluxed with triethylamine in methanol for

6 hr. -
NO, . - #o OMe
w—tp ) +
(117) . (118) R'=H (119)
(120) R'=COC (CH,) 4
ReS1(CH3)5C(CH1) 3 (121) Re=R'

*

» ’ ©
In the n.m.r. spectrum of (118), one proton doublet

appeared at-§ 7.08 (J=2 Hz) corre§ponding to the vinyl proton
which coupled with the C-1 proébn,at 8§ 4.75 (J=2 Hz). An
exchangehble pfbtop was pbserved‘;t § 3.37. The chemical
sﬁift of the b-é eﬁdo proton at 6 3.66 was shifted to higher

field by 0.34 ppm than that of the corresponding p:dtoniin-z

'the lactone (117). This may be explained in terms of “the

.diamignetic anisotropy of the carbon-carbon double bond.

The resonances due to the C-4 and C-3 protons gave doublets

[N .
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(J=5 Hz) at ¥ 5.01 and 4.13 respectively.

The side producé was shown by q.m.r.°an§ i.r. to be the
methoxy lactone (119),, which probably arose by the same mode
of reaction as alrea;g discussed in chapter I. |

The hydroxy olefin ester was well characterized as its
pivalate (120):

-Because of easy removal of the protecting groﬁps at the
final stage, it was decided to block the hydroxyl gEoup of
(118) as its térﬁ—butyldimethylsilyl ether by the above method.
However, silylation proceeded in an unbredictable manner,
proviaing the disilylation product (121) with m.p. 90-91°4
iq'lowyyield. No puré material was isolated from the by-products.

Conventional silylating techniques using, for example, excess

silyl chloride in pyridine or sodium hydride in tetrahydrofuran

were unpromising.

-~

The spectral data (i.r., n.m.r.) of (121) was identical

with those of the compound (110), which was prepared by ]

different route (see chapter I). The above method of synthesis

makes the confirmation ;f,the olefin estef unambiguous, and

the structure of the product is‘further supported by n.m.r.

i spectrosqppy K . , ;\
-S0 far, we clearly established the stereochemistry of the "

2- and 3-hydroxyl groups. Also, the potential .aglycon moiety

of fhg C-1 position and potential hydroxymethyl function of

the C-4 position which will be elaborated later on should be

T, -
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¢
. .
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cis to each other, because this stereochemistry was already
defined.at the biels-Alder reaction stage. Therefore, our
approach will provide an unambiguous synthesis of the B-anomer

of the final product. p

OOCH,

]

RO OOCH,

(121)

, Oxidation of the olefin ester (121) with ruthenium tetroxide®’
over a short period of time permitted the isoclation of the
aldehydo keto ester (122) d4s a major éroduct with m.p. 81° in
48% yield after column chromatograph&. The n.h.r. spectrum
clearly indicated the presence of a free aldehyde functitn, One
aldehydic proton was observed at § 9.13 and a good elemental

. analysis was obtained.

( OOCH,
o OH
—p R -
OOCH
RO ! R
(121) (122) (123y

%*Si(CH3)2C(CH313

* No absoluﬁe stereochemistry is im?lfed in the drawing.
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Ozonolysis of the olefip ester (121) followed by reductive
work-up with dimethyl sulfide®® gave a quantitative yield of °
the aldehydo keto ester (122) in a few instances. Thia compound
was identical in all respects (n.m.r., i.r., m.p.) with the
compound previously obtained. In most cases:‘the reductive
ozonolysis afforded a mixture of the aldehydo keéo ester (122)
and the hydrated hemiacetal (123) in gquantitative yield without
purification.

Selective reduction of the aldehydo keto ester (122) to
the keto ester (128a) was attempted with zinc borohydride??

In spite of numerous attempts, no selectivity in the reduction
of the aldehydo group was observed and the diol (124) was
obtained as a major product in 30% yield. Reduction with !
diborane—tetrahydgofuran complex!?® yieldeé the diol as a majoq
product in 45% yield; Reduction with lithium tri-tert-butoxy-
aluminum hydride!®! ‘gave the diol in 60% yield. The diol w&s .
fully characterized as its diacetate (125). Its n.ﬁ?ﬁ. spectrum
showed two three-proton singlets at § 2.03 and 2.10 for the
acetates.”It should pe pointed out that we did not knéw whether
the diol (124) and qée diacetate (125) would be a pure isomer |
or a mixture of isomers at C-2.

Since there was no selectivity in the reduction of aldehydo

.gxoﬁp of (122), it was decided to protect selectively the

primary hydroxyl group, and to oxidize the secondary hydroxyl
group of the diol (124). o
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OOCH,
R o) R
R
R
(124) R'=H Lo (126) R'=H
(125) R'=Ac - (127) R'=Ac

Ogilvie and co-workers'®’® reported that tert-butyldimethyl-
silyl chloride reagent is selective for the 5'-hydroxy group
F . in thymidine in the presence of 3'~hydroxy function. We

therefore determined whether tert-butyldimethylsilyl chloride

would show similar selectivity in our system.

Thus, the reaction of the diol (124) with onelequivalent
of the tert-butyldimethylsilyl chloride and 2.5 equivalents of :
imidazole in dimethylformamidg gave the hydroxy ester (126) in
94% yield after purification bj‘i column of alumina using

hexane-ethyl ethér. Its n.m.r. spectrum showed an exchangeable
proton at § 2,96, From the n.m.r. spectral data, we were unable

. to know‘whethe; the desired produ¢t~(126) was formed or not.

RS TR PR YR B

In order to establish the structure of this compound, the
N a%lyiated hydroxy ester (126) was converted to its acetate (127).

In its n.m.r. spectrum, £heic-é proton of the hydroxy ester

i Aot ¥ T A s e

(126) ‘was shifted downfield by about 0.8 ppm, which indicated

. _ . that the acetate group was‘attached to a .secondary a;cohol

[
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function. We could therefore cdonclude that protection of the .

diol with the silyl chloride led to the desired product (126).
Since for our purpose a digtin tion between two possible
isomers of the hydrox§ ester was unnecessary, we decided to
abandon the separation and assignment of configuration.

At this point, we lookeﬁ/fOr an oxidation procedure to
generate the structural feat%res of a keto ester on which an
aglycon moiety could be buﬂ&ti Because of the nature of the

acid-labile protecting groups, the oxidation of the secondary

alcohol function should be carried out at neutral conditions.
Oxidation with sedium periodate-ruthenium dioxide”iappéhrea /
to be a promiéing method. Oxidation of the hydroxy ester (126)
to the keto ester (128) was achieve@ in good yield by using
ruthenium diox¥ide-sodium periodate i; carbon tetracploride

and water with vigoroui*sﬁirring. The pH was ke?t between 6

and 7 by the addition of a sodium bicarbonate solution.

-

(128a) R=Si (c‘:ugxzc <ca3)3_, R'=H o
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Attempts to purify the product by either column or preparative
th%n layer chromatography on silicic¢ acid led to decomposition.
It is known thdt the o~keto ester-containing compouﬁds are
extremely labile and partial decompoéition on silicic acid
occurst®’Y! The oxidation step itself, however, appeared to

be quite clean. Since a smalx amount of impurities did not
interfere with subsequent steps (see chapter III), we routinely
prepared/the keto ester ptrior to use and treated it without
further purification. Following \spectral data were highly
supportive of its structure. The\i.r. spectrum showed strong

1. In the n.m.r. spectrum

absorption bands at 1730 and 1750 ¢m~
the expected doublet appeared at § 5.06 (J;S Hz) for the C-1'
proton due to coupling with the C-2' \proton.

Because of the low xield of the second silylation encountered
at one stage in this sequence (1184121)\, the above reaction
sequence was repeated starting with 5-c$kbom¢thoxy—3-end -
pivaloyloxy-2-exo-tert-butyldimethylsiloxy~-7+oxabicyclo [ .2.¥L
hept-5-ene (120). h ’

Reductive ozonol§sis of the olefin estexr (120) with
@imethyl sulfide in methylene chloride led to\a number of
unidentified products. In the n.m.r. spectrum, the pivalate
§fougfshowed many singlets and also, t.l.c. indi\ated the ’
prea”;ée of ma?& compounds. Without purification, the resulting
mixture was t#eated with lithium tri-tert-butoxyaluminum
hydride ig{t7@rahydrofuran at 0° for 5 hr to give, after

\ ’
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QOCH,
0 OAc

' H
. —
R' OOCH,

(120 ‘ (129) (130)
R=Si (CH,4) ,C(CH,) , R'=COC (CHg) -

chromatography on eilicic acid, a 30% yield of the diol (129)

from the olefin ester. The diol was transformed to its

diacetate (130). The structure of this/product (130) was clear

from .the n.m.r. spectfum. The reason of the low yield of tﬁe

diol is probably that the pivalate group 1nteracts with the,

hydroxyl group generated in the ozonolysis-reduction sequence.

ou llet’ﬁ encountered the same problem in the carbocyclic

nu 1eosiée series.

Therefore, we sought another suitable protecting group.

‘Me hoxymethyl ether was chosen because of the readily available
reagent (dimethoxymethane) at low cost and clean reaction with
short reaction time. The hydroxy lactone (97) was treated with
dimethoxymethane and phosphorus pentoxide‘°’ in tetrahydroﬁuran
t room temperature for 1.5 hr to give the crystalline proﬂuct
131) with m.p. 154~155° in almost quantitative yield. The
ompound was identified by.its n.m.r. apectrum which was Quite
similar to those of other y-lactones of 7-oxab1cyclo (2. Zfll

|
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H MO, | NO,
—>
(97) , - (131) . K3
:00CH,
RO R
0 -
&
,(134) R'=H (132) R'=H R=H,OCH,
(135). R'=Ac| . (133) R=R'

heptanes available in t is series. The methoxy protcns appeared
as 'a singlet at ¢ 3.06 and methylene protons (-OCH20 ) gave

rise to resonance at §/4.43 as a singlet. All other protons

showed the same multiglicity as other y-lactones (97,117).
Reaction of the jlactone (131) with DBU in réfluxing
methanol gave the hydroxy olefin ester (132) in 68% yield after

" purification by col chromatography on silicic acid. This

i . .
compound was also obtained by treatment of the lactone (131)
. with triethylamine n refluxing methfnol for'# hr.
Trelthent of the hydko y olefin ester (%32)_with dimethox&-

de in chlo ofo&m pfcduced a 84% .

). In‘the n\.m f. spectrum the
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and 3.42 respectlvely. The vinyl proton gave a doublet at 6
7.15 (J=2 Hz) as in other 7-oxabicytlo [2.2.1] heptenes. |
Bridgehead C~1 and C~4 protons showed differences in coupling
constants and chemical shifts. While the C-4 proton at & 5. 12—
(J=4 Hz) coupled with the C-3 proton at § 4.20 (J=4 Hz), the
c-l protonrgave a doublet at § 4.99 with a smaller coupling
constant (J=2 H2). The C-2- proton showed a 'singlet at § 3.66.
The relative chemical shifts and coupling constagls'were in
accord with those of the disilyl OLafin ester (121). The i.r.
spectrum sho&ed strong absorptions for the conjugated ester
carbonyl (1730 em™Y) and éonjtgated double bond (1625 cm™1).

An advantage of -the methoxymethyl ether over other

'protectlng groups is that the product can be easily identified

by n.m.r. spectroscopy and has no chiralacenter. This protecting ,

group was satisfactory to aocomplish th® synthesis of Zl-epi—

showdomycin.

u Ozonolysxs of the olefin ester (133), followed by treatment

“with dimethyl sulfide and reduction of the resulting aldehydo

keto ester—obtained 1n part ‘as its hydrate- with 4‘equivalents

of lithzum tri- tert—butoxyaluminum hydride, gave the diol (134).

The diol was obtained in 59% yield by.purlficatloh on t.l.¢:
plates. Acetylatlon of the diol (134) afforded the diacetate

(135)
" We already knew that tert-butyldxmethylszlyl chloride had

shown selectlvity in the protectlon of the diol (124).

!

L




(~} Treatment of thé‘diol (134) with 1 equivaient of tert-.
butyldimethylsilyl cﬁloride and 2.5 equivalents of imi?azole
in dimethylformamide‘gave the oily monosilfi derivative (136)
in 85% yield. : : o

v

The keto ester (137) was obtained in good yield when the

P

N

hydroxy ester (136) was subjected to the same condltzons ﬁ
utilized for the preparation of the keto ester (128) from

the hydroxy esterz(lZG). In agrégment with the keto ester

PP S

structure, the i.r. spectrum showed two carbonyl absorption

bands at 1735 and 1760 cm'l. Nevertherless, the proof of the

structure was accomplished by treatment ,of the keto ester with
semicarbazide and~obt§ining semicarbazone derivative (138) in

60% yield.

ass) - am s

| R=CH,OCH, )
-u‘ : ) / i
‘ Its i r. spectrum showed a strong absorption at 1590
| (c=N). 1625 (conaz) and 1725 cm™* (C=0). The u.v. spectrum
% - (lﬁzgﬂ 270 nm) substantmated the formation of the semicarbazone.
| In the n.m.r. spectrum, two broad singlets at & 9.63 and 10.53

(half proton each) indicated that a l:1 mixture of geometric

o % T
e
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. of this‘project. It was obtained from the exo-nitro adduct

56

isomers had been formed. The lower field NH proton resonance

reflects the anticipated deshielding effect of the proximate .
carbonyl group of the syn configuration!?$

The a-keto ester!(137) was the initial synthetic goal

(90) in an overall yield of 6.5% in 8 steps. The keto ester
met the stereochemical requirement for our synthesis, the
4B-tert-butyldimethylsiloxymethyl group being cis to the

keto ester function.

(i) Synthesis of 3,4-di-0-methoxymethyl-2,5-anhydro=D,L-glucose

Another %ype of C-~glycosyl derivative which has received
much a%ttention recently ‘i3 represented by the 2,5-anhydro
suéarsl(l39,lAQ), from which triazole, pyfazéle, and isoxazole
C-nucleosides are prepared by Witting reactions iﬁd 1,3-dipolar
additions as shown in the introduction. Therefore, we investigaged,

the synthesis of 2,5-anhydroglucose such as (141).

OH

o0

RO,

" '(139) X=CHO - (140a) X=0  ~“-°  (141)

N L ' (140Db) XSCH2

’




Ozonoiysis of the blefin esﬁér (133) in methylene

chloride at 1ow temperature 1ed to an ozonide. In order toa\
prepare the triol (1423), the resultxng ozonlde was  treated
with sodium %orohydriae in iséﬁropanol at 0° for 1 hr followed
by refluxing for 2 hr. The reaction mixture was then acidified
with aqueous‘aggtic ;cid and eégporatéd leaving a white '
solid which wasg dlrectly submitted to periodate cleavage in1
watex for 1 hr. By thls method, the 2, 5~anhydro-D L-glucose
(144) was obtained in 37% yield based on the olefin ester.

The product exigted in the ‘hemiacetal fofm‘as shown. The
structural proof for this product was derivgd form the fact
that no aldehydic ‘proton could be detected in the n.m.r.
spectrum and no carbonyl absorptions wére‘opserved in the

i.r. spectrunm.

R=CH,0CH

N
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( Inspection of molecular models of the 2,5-anhydroaldo-

9

hexoses reveals that, when the carbonyl group and the primary

alcohol group on C-6 are cis-disposed, the formation of a

1,6~hemiacetal is possible without much strain. Defaye!®¢®
’ Qointed out that the forﬁation of an intramolecular hemiacetal

(146) in 2,5-anhydréaldehydo-D-q%ucose (145) could occur
easily. In terms of entropy,‘the hemiacetal formation is much
more favorable here. In ordinary'hemiécetal formation two

' molecules, the alcohol and aldehyde, must be tied down, and
there is a considerable loss of freedom of motion: In internal
hemiacetal formation, only one molecule is involved and much
less loss of freedom occurs since only sdme rotational

freedom becomes restricted!®’

! Hw_ 2 e H
H o o |
= K H
H M

(145) (146) -,

In order to get further proof of the strﬁctufe‘of (144)
the hémiacetal (144) was subjected to the f;llowing Wittig
réaction.‘

e Without any further purification‘the'hemiacetal was
condensed w@th carboethoxymethylenetriphenylphosphorane (147)

!

in‘methylene chléride at room temperature for 4 hr.

-

* 8 )




4

YA (&NT\ °
- ‘C\%COO Q
R
» %
0 OH \CG / , <%
0 ] | (149) R'=H
RO . L _ (150) R'=Ac
R 4 HSCH -
c
. 3 (1
) ' ; (151) R'=H
. R=CH,OCH, e,
(152) R'=Ac

Following chromatography on aluminha, the a,f-unsaturated ester
(149) was obtained in 79% yield as a homogeneous:syrup.
Examinatibn by n.m.r. séectroscopy showed that the a,B-
uhsaturaged'es;ef was the pure trans isomgr, the C=2 ané c-3
protons appeaéing as sharp duublets of doublets at § 5.98 and
6.85 with J, 3=l4 Hz characteristic of a trans/olef1n5°“rhe
above reaction conditlons Were similar to those used in the
condensation of 2, S-anhydro-D—allose with carbomethoxymethylene-
triphenylphosphorane.a The fact that the product was only

trans isomer can be explained if we con51der the structure of
the 1ntermediate betaine!’® The threo struc%ure leading to the
trans isomer is pfobab;ybmore stable than the erythro which

i1fds to the cis olefin. Similar condensation ‘of 2,5-anhydro- - -

»

i
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q-allose (140a) with the above phosphorane gave only the trans

14

< olefin esterl!? ’ ",

/ The utility of this type of compounds as precursors to

f

Acetylation of (149) géve the oily acetate (150) in 89%

Iyield after purification by chromatography on alumina.

Since the carboethoxy substituent activates the double /

bond,,the olefin ester is expected to be a good dipolarophilel!!

7

C—-nucleosides has been demonstrated: by 1,3vdipolar cycloadditio

" with diazomethane by other workers!:®:*? .

In connection with the synthesis‘in.our'laboratory of a
series of C-nucleosides, it haS\been-sh;;n that 2,5~-anhydro~-
D?allosé (140a) does not readily react with ﬁnstable,Wittig
reagents, -for example methylenetriphenylphosphorane1'12 Since

this lack of reactivity severely curtails the synthetic

‘utdlity, ‘we therefore decided to’prepare the precursor to

the free aldehyde ofxtype (139) which could be a more versatile
intermediate. The appﬁoach involves three steps-‘(l) ring
Opening of the»hemiacetel by formation of a suitable derivative
of the potential aldehyde, (2) protection of the primary alcohol
function* (3) generation of the free aldehyde. .
Reaction of the 2 S-anhydro—D L—gluoose (144) with )
N-methylthioethanolamine (148)“’ in benzene gave the
thiazolidine derivative (151). Without oefification or -further

examination the pro&uct was directly ‘converted to its acetate

derivative (152) in 77% yieid‘from the hemiacetal. This compound
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(¢ was stable enough to be purified by preparative thin layer
’ chromatography. Since cleavage of the thiazolidine group with

~one equivalent of mercuric ch}oriaa in tetrahydrofuran-water
generally giQeg the free aldehydel!!" 'this material would

T provide pfecursor to the free ;ldehyde,(153). Théﬁﬁhlazolidine
derivatives have Qfen showg to be versatile precursors to -

C-nucleosides in our Jaboratory!!? No further work has been

done with (152). .
E)
Ac 0
e
(152) -
. R-CHZOCH3 j
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Chapter Il

Synthesis of D,L-2'-epi-showdomycin and D,L-Z'-epi-pyfaio 4rin A

product toqether with conuiderablo ambuntn of polar by—proﬁuotsl

‘(1) Synthesis of D,L-2'-epi~showdomycin

The 'first synthesis of showdomycin (3) has beeﬁ briefly.
reported by Kalvoda et al.?? 1t involved, as the key %ptermediatéw
keto - ester of type (84a). The cdéversion‘of the keto ester
required a six-step sequence. Recently, Moffatt "snd co-workers"®
reported a much simplifiéa,;wo-step conversion of thecketo
ester into showdoﬁygin via the reaction of the keto ester with

carbamoylmethylenetriphenylphosphorane. -

H

The synthetic route developed by Moffatt seems capable of

extension to the preparatfbn of D,L—2'-epi-showdomy§in (154) .

gl -

- (154)”
The keto estar (137) reactqd with one equiyhlqnt of .

caxbamoylmethylenetriphenylphosphorane (38) 11 in chlorofornn f
-
P

at room tpmperature for 2 hr. The xeaction gave a. aingle major

!'X)

L St
o ax

[ S I



(155)

R-CHZOCH 3

Purification of the crude product by chromatography on silica

gel plates using hexane-ethyl ether (1:1) gave the maleimide
(156) in an overall yield of 40% from the hydxoxy ester (136) .
The DML spectrum of this Substance c¢learly showed the :
di'sappearance of the methyl ester .group and the presence of
a single NH ‘proton at § 8.08 and' é Qinyl i)roton at 8 6.39.
Tﬁe i.r. spectrum ahawed characteristic absorption bands at .
1790 and 1740 cm -1 f.or thh carbonyl function and at 1555 cn 1
'for t‘he aleﬁ.nic bond. In the mass lpectrum, the molacular ion

peak was ' found at rq/o 431 and otl:ur ma.jor peaks at m/e 400

M+ -0CH,) - and 374 (" "’C(°33)3)' !'urthermore, ‘the u.v. spectrum

ravcalud the typica.l malcimide chromphote havinq absorption

maximum at 222 nm (log € 4 2). 'rhou can bn cxplained by




SR CR oL T T PR PO Y
SRNF e e S D
N Y .

=5

. spontaneous cyclization of En intérﬁodiaﬁé'cis-orientad

maleamic acid a-tc: (155) to the corroupdnding maleimida. It

could not be ruled out that cyclization cccurred at .the betaine

levcl preceding actual fprmaticn of (155).‘ ‘;"v J )
No pure materials vere isolated £rom the polar byoproducts

which contained triphenylphOlphinn oxide. It: 1s not cloar

whather thene by-products are result of decomposibion of th§~\

I&bile keto ester, to a general inatability towards nucleophiles

‘ of the maleimide ring, or to furthex rgaction at (156) with -

the phpsphorane (38).

| GOOMe OOMIGONH, - GOOMej .

jﬁ“’ r—yp :ﬁ::;gf - :7:::(2 ‘
‘ T ' . CONH,

(157) {158) (159).

i'l"

N o}: } o
Mattatt and co-wcrk%rs“° examined this cyclization reaction
- mnthyl pyruvatn and mnthyl phenylglyoxylata with the

P osphorane (38) and obtqincg the following rolultsz (l)'thc
reaction of carbamoylmethylenetriphenylphosphorane with the

" keto ester (157{ produces the cis-oriented malgamiéo;(LSBJ '

- .

-
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and trans-oriented fumaramate (159): (2) the ci -oriented
maleamate undergoes spontaneous Eyclizatidn,to the maleimide
(160): (3) the ratio of cis™- and trans-oriented isomers is

controlled by the substituent R. From the above results theyl

- concluded that the reaction of a-keto estér# (157) vith (38)

provides a direct route’té 2-substituted maléimide‘providing
that the subatituent R is reasonably bulky.

Completion of the synthesis of D,L~ 2'-epiqghowdomycin
then only‘;equirad removal of the protecting groups. Treatment
of (156) with QO% agueous trifluoroacetic acid led to the
simultanecus removal of both tert-butyldimethylsilyl anq ’
mothox?methyl groups.aSubsequent‘purificatiop on silica gel
plates.gavé crygtalline D,L~2'-epl-showdomycin (154), m.p.
170-171% in 60% yield. The u.v. spectrum of product showed
an absorption at 222 nm and the molar exﬁinction coefficient
(log e 4.36) was also in accord with that of the known
showdomycin,‘ ‘thus confirming the structure of the aglycon
molety of (154). The i.r. data and elemental analysis were

consistent with the structure assigned, Furthermore, this

. compound was fully identified by its mass spectrum.

The past few years have witnessed the uéeﬂulness of mass
spectrometry in the structural elucidation of C-nucleosides?®s*s .
There is & striking difference in the fragmentation pattern .
of C-nuclecside antibiotics as compared to nuclecsides possessing

a C-N hond linkage. The base peak observed for a number of

g
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C-nucl;osides occurs at B+30 in contrast to the usual
nugleosideq where the B+l opr+2 normally occurs as the )
predominant peak (B is the heterocyclic base). This B+50
peak has been assigned to the gglyconvplus a protonated formyl'
’group which results from fragmentation of the sugar.

e The mass ‘spectrum of D,L-2'-gpi~showdomycin (154) wgs
quite typical of othar C-nucleosides and showed alminor molecular
ion peak at m/e 229 and an abundant peak at m/e 211 corresponding
to loss of water from the molecular ioﬁ. The base péak was
found at m/e 126 (B+30) (1l61) where'B was the heterocyclic
aglycon. The B+30 peak is strohgly suggastive of a formyl type

residue attached to the basa. Comparison of thelphﬂor peaks of

‘ghowdomycin®® with those of (154) revealed considerable

similarity in the fragmentatibn pattern.

HN

— o 2. "
HOH

" (161)
m/e 229 : - m/e 126 (B+30)

T

The overall view of our synthetic route indicated that
it afforded a direct and reasonably efficient method for the
-synthesis of D,L-2'~-epi-showdomycin, the overall yield being
1.6% based on the qxo-nitrb adduct (90). "

- .
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(2)l@lnthesis of

o its

pyrazdfurin A has been repbrtp& by Farkas et al'® and

Bernado et al!’ In this sectibn, the synthesis of D,L-2'~epi-

pyrazofurin A (162) will b

S

the 4= razole“‘

! ™~ ——t

Its n.m.r. spectrum showed

!

Fhe considernable medical %otential of p
antiviral |and antitumor%activities haQ ‘made it a
interesting targ t for chemﬁcal synthesis. The synthesis of

described.

ONH,




‘/S::cn, , MO_ ~ COOCH,
N—NHCH,COOCH, —» . . L. fm
4 ! : 2ty , \N/NH

CH;

(L63) - ' L ©(164)

proton ﬁd.thgﬁu.v. épecﬁfum‘ghowea an absoiption at 275 nm
(log € 4)04). | ‘ e Lo
Intramolecular éyclization of the'hydéézone (163} usiné
methanolic sodium mgthoxide,under‘refluxing conditions fore
" 2 hr gave the 4-hydroxy pyrazoie (164) in 33% yield. Its u.v.
spectrum showed the typical 4-hydroxypyrazole chromophore! !’
having Mmax at 227 (;og-e‘5.74) and 276 nm (log ¢ 3.67) in
0.1N HGL and A, gt‘zssﬁ(log ¢ 3.79) and 319 nm (log ¢ 3.80)
"in 0.1N NaCH. The above bathochromic shift is due to the -
formation of the enolate ion. Its i.r..séecgrum in chloroform

showed two carbonyl absorption bands at 1720 and 1690 cn o,

‘solution!!? Furtﬁefgore, the mass spectrum displayed the

) Eha;acteristic McLafferty,féarrangempnt for a 4~hyd%oxy pyrazole
The elimination of the methanocl was assumed to p;pcéed via a
favorable 6-membered transition state as depicted below. This
was also supported by a metastable peak at m/e 98.5 which was

calculated from 156+124. The above spectral characteristics

©

which provided evidence for a keto-enol equilibrium in chloroform

bs .

.
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(j) of the hydrazone and the 4-hydroxy pyrazole will be quite

useful during the synthesis of 2'-epi-pyrazofurin A.

CH,0~ ! ' ,
T;A
7 “NH ' o NH
—
2% ‘ 2
n/e 156 m/e 124

W,

In a direct<applic&tion of the above model studies to
our scheme, thglketo estar (137) was treated with ethyl
hydrazinbacetate hydrochloride and sodium acetate in aqueous
méthanql at room temperature to give an oily hydrazone (165,166)
iq 88% yield after purification on silica gel plates. This ’
-compound showed the i.r, absorption bands at 1675, 1715 (C=0Q),
and 1590 em™t (C=N) and a characteristic u.v. absorption at
. A 28? nm. In the n.m.r. spectrum,'the NH proton resonance

nax
a#peared at § 9.15 and 9.50 in a ratio of l:1. This fact is
\ . ’

‘}::>N—CH¢GOQEt,

CH©
0

BN ' R=CH ocn3 -

| |
1 © | 2703 .




- Lower field resonance of the NH proton at ¢ 9.50 in the

iépectrum showed very weak bathochromic shift from acidlc to

" alkaline solution.

‘isolated.

"R of the ketc ester might control the rphio of goometrioal

70

an indication of the presence of geometrical isomers!®s

syn isomer (165) is to be attributable to deshielding effect
of interﬁal hydrogen bonding!?% All attempts to separate o
these geometrical isomers were unsuccesful. ‘ ‘
Without separation of the mixture of geometrical isomero,
the hydrazone (165,166) was treated with sodium methoxide in - .

boiling methanol for 2 hr. The n. m.r. spectrum of the crude

product was not clear and t.l.c. showed many spots. The u.v.

(167) R‘f’*’z““j ’

Only a trace amount of the Q-hfdroxy pyrazole (167) was
isolated by chromatography on silica gel plates. Its u.v. |
spectrum showed A at 228 and. 278 nm 0.1N HCl and A at
235 and 323 nm in 0.1IN NaOH, which was definite proof for the

formation of the 4-hydroxy pyrazole. No major product was

We mentioned briefly that sterit effect in the substituent




(u) “isomers of the hydrazone. We therefore thoﬁght‘that,

' introduction of the bulky protecting group ihto 2'-hydroxy
group of the sugar might cause the syn isecmer to predqminéte
qwing to additional steric factors. It was decided to use the,
tert—butyldimethylsilyl protected keto ester (128) %nsﬁea& ‘
of the methoxymethyl p;otected keto ester (137):

Condensation of the keto ester (128) with ethyl hydrazino-
acetate hydrochloride and sodium acetate in aqueous’methanol
gave an oily hydrgzone (168,169) in 72% yieid‘after purification:
on silica gel plates. According to the h.m. r. spectrum, the
NHE proton appeared at & 9.30 and 10.36 in a ratio of 1:2,
‘which indicated the presence of geometrical isomers with

predominating syn isomer (168) as Sxpected.

—CH,CO0Et .

"\yucu,coost

‘Rmsi (céj) LC(CHy) 5
- ~ Without separation of the mixture of geomet}ical isomers
,becaﬁsé of close kf vslue‘in v#rious‘solvent ;yspéms.trea;ment
of the hydrazone (168 165) withlsodium méthoxide in boiling
methanol for 4- S hr gave the 4—hydroxy pyrazole (170) as an

oil in 20% yield after purxfication on silica gel plates

O
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Al

, using ethyl ether as eluent. In agreement with the pyraiole

structure, the i.r. spectrum of (170) ngwed'Stfong absorption
peaks at 1725 and 1690 cm—l in chloroform which indicated

keto-enol equilibrium with prevailing enol form. The u.v.

. ( .
spectrum of (170) in ethanol showed A .. at 230 (log & 3.72)

X
and 275 nm (log € 3.58) in 0.1N HCl and Amax at 243 (lo? €

3.58) and 320 nm (log € 3.75) in 0.1N NaOH.

(170) 11712

R-?i(CH3)2C(CH3)3

The reaction of the A-hydroxy pyrazole (170) with methanolic

,'amyonia at room temperat&re required 7 da&s to reach completion,
‘and thé 5-carboxamide (171) was obtained in 80% yield. Its
.’q,m;r. spectrum showed the presence of NH, protons at § 6.20

and the loss of the methyl ester group, whic¢h was confirmed

by the absence of .the carbonyl absorption above 1700 cm"l in

the i.r. spectﬁuﬁ. The strong.absorption owing to the carbonyl

" group of amide was observed at 1675 cm™ L,

Completion of the synthesis of P,L—Z'-epi-pyrazofur n A

. then only required removal of the protecéing groups from (171).

@




K

(162) |

|
1

Treatment of (171) with 50% aqueLus trifluoroacetic '
acid at roqm temperature for 30 min gqve the final product
(162) as a crystalline compound, m.p. 195 =-196°, in 75%° yield.
Spectral data and elemental analysis were consistent with

» the structure assigned. Thzs comppund was fully identified "

by its mass spectruﬁ Thewmolecular‘ion of m/e 239 and bas;
peak at m/e 156 (B+30) which is characteristic in C-nucleosides
were obserye@. The minor-ion of m/e 241l7and 223 were due to
thg losqlof one and two moles of water respectivily, probably
fromnthe carbohydrate portion. The peaks at m/e 140 and 170

corresponding to normal nucleoside fragmentation reactions

were also Qbserved.

I

CH=CHOH v
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Another diagnostic fragment ion was m/e 139 wnich arose fromk
the elimination of NH from the hydroxycarboxamido grouping
via a 6-membered transition state-as shown above. Thesev

fragment ions are a dlrect result of the juxtaposition of the,

exoecyclic hydroxy‘and carboxamidp groupstof the gglycon. L
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Chapter IV C ; ,

’

Synthesis of 2- (3a~hydroxy-48-hydroxymethyl-furan~18-yl)

maleimide (D,L~2'~deoxyshowdomycin)

-

In the previous chapter in this series we described routes

for the stereochemi}:ally c;on’trolled synthesis of, .functzad
c-qucosides of*generul structure of (116) which open sathways
to heterocyclic systems. Included in the above work was a

. facile synthesis of the nucleoside, D,L- 2'-epi-shcwdomycin,

via the reaction of the keto ester with carbamaylmqthylena-

triphenylphbspﬁdrane followed. by deprotection of the resulting

maleimide. This synthetic route seems capablo cf extcnsion

to the preparation of D L-2’-deoxyshcwdomycin Ll72) via the

corresponding reacticn.of the suitable keto oata:'thh the

“ . s

phosphorane. o ‘ - - e

Tz
.
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by Kabalka}?! resulted in the formation of the isome

/
i
3
4
t
H
*
r

whﬁéﬁ,is based on-a similar reaction schemes and in which
ofefin ester of type (183) is a key intirmediate, will be -
presented. . '

The mogt frequently encountered route for the hyd:ationf
of carbon-carbon double bond with high regio- and stereo- |
spacificities involves hydroboration-oxidation procedure. ¢
Hydroboration proéeed;’by anti;M ownikoff cis addition frqm

the less hindered side of the dduble bond:i'® Since hydroborLtiqn-
oxidation of the norbornene proceeds "o give exo-norbornaoy |
calmost exclusively 19 this method seems most applicable to}
ouy 7-oxabicyclo [2 2,1) hqptene system. , ! 5
Hydroboration cf the nxo-nxtro adduct (90) with borane~
tairahyd:ofur&n complex and oxidation of the rasulting i
organoborane with ‘alkaline hydrogen peroxide’?°® géra
‘unsatisfactory. o - o
' Howgver, hydroboration of (90) with dibe:#ﬁo in tatra~
'hydrofuran at 0, followed by oxidation with triotﬁylaﬁ ne '

N-oxide dihydrate in refluxing tetrahydrofuran as reported

ic mixture.
of #he alcohols (173,174) in 42% yield after chromatography
dnAsilicic‘qcid.’Ita‘n.m.r. spectrum showed two sharp singlets
arogn& & 3.70 whidh could be assigned to the methyl ester
group. These two éinglets of the methyl ester group indicated
the presence of a @;xtura of two isomers., The n.m.r. spectrum

of a numpcr of mbfq.polar unidentified products contained two
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J " MO NO, N0,
—'( : g HO

COCH, . , OOCH, - OCH,

/

L (90) 7, | (174)

sets of doublets for a vinyl proton at § 6.92 and 7.03
which must arise from the nitrous acid elimination produgt“
caused by trié%h&lamine generated in the rgaction. No pure
‘compound was isolated. Although Kabalka et all?! obtained
best results in diglyme or Xylene, no improvement of yieid.
of the alcohol was made in our case.

Since hydrogen pefé%idt oxidation proceeds with_clean
retention of configurigion 6f the organobéoranel?? we can
predict thaﬁ'ﬁhe aﬁb&e oxidation will take the samaabourser
to. give exo contiguraf%bn of alcohel., Indeed, the structure
"of the reaction products are fully in accord with this
prediction.

The resulting isomeric alcohols (173,174) could not be
separated by either distiilation or chromatography. Withéut
separation, direct acetylation of the alcohol using acetic
anhydride and p-toluenesulfonic acid monohydrate afforded .
the acetates (175,176) in good yield; All attempts‘to separate
botﬁ\igome;ic acetates falled, It is interesting to note

Y




here that acetylation with acetic anhydride in pyridine was

unsatisfactory as alréady mentioned in chapter I.

A NOz Nol
H o+ . Ae ;-
OOCH, OOCH,
(175) ' (176)

AcO

- COOCH, ST OOCH,
(177) (178)

In the hope that two isomers might be separated'at the

. next stage, the acetates (175,176) were treated with DBU in
mothYlani‘chldride under reflux for 1 hr{to give the olefin
esters (177,178). The products consisted of a l:1 mixture
of i-oﬁers ;ccording to the n.m.r. spectral data, Two doublets
(J=2 Hz) having half a proton intensity each were- found at
§ 6.92 and 7.03 for the vinyl protons. Once again, the two

isomers could not be separated.

o

‘The above synthetic route was repeated starting with
the endo~nitro adduct (91). Hydroboration of (91) and N
» | oxidation of the resulting borane with triethylamine N-oxide

dihydrate, under conditions idontical to those described \

above, gave the isomeric alcohols (179,180) which were obtained

in 46% yleld after column chromatography on silicic acid.

1

4
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! H OOCH, O-OCH’ '

™ e
o, No,
(91) (179). o (180)

(182) .

rd

Without separation ¢f the isomers the mixture of the

alcohols was converted into the acetates by reaction with
acetic anhydride and ‘p-toluenesulfonic acid monchydrate in
82% yleld. Both isomers were found in approximately equal
amounts. This conclusion was based on the n.m.r. sﬁectral
data where the acetate protons of lsomers had différént
chemical shift at § 2.00 and 2.03. This observation indicate
* that hydroboration of the olefin led to a 50:56 dist;ibution

[ 5
of isomeric boranes. ‘

-*

Vo R : It was possible to separate the two isomers bylfractional

;gﬁ ' orystallization from hexane-carbon tetrachlorida. One isomer,
’ﬁif B m.p. 113-114°, was later‘idahtified.to be the 5~acetate (181)
By jé:‘f : | ‘

%@%’ and the other, m.p. 67-68°, to be the 6-acetate (182). At
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' means of 1,5-diazabicyclo [5.4.0) undec-5-ene in refluxing

. spectra but.  different n.m.r. spectra. The assignments for

' coupling with the C=3 exo proton, A doublet for the C-6 proton

_ readily allowed identification of the C~1 proton at 6§ 5.00

" 80

3
t
S

this stage, we were unable to confirm the structure by n.m.r.:

épectrosCOpy. Therefore, we continued the next soqu&npé of

our synthetic route.

Elimination of nitrous acid from the 5-acetate :(181) by

methylene chloride qave the 2-~acetate olafin ester (183)

in 91% yield Using the same conditions ao above, nitrous

acid elimination from the 6-acetate afforded, after
chromatography, a good yield of. the 3-acatate olefin ester @
(184). Both isomers had virtually ident;cal i.r. and mass

the isomers (183,i84) were based on the n.m.r. data for these

compounds.

o | (183) : O (184)

b

. In the n.m.r, spectrum of the 2—acetate (183) (see Fig. 3},
’ \ 1

the. c-4 proton gave a doublet at 6 5.16 (J-4 Hz) due to

.

at ¢ 6.92 resultad £rom J6 1-2 Hz. Deooupling of- the C 6 proton

. \,
"y )
; :f N . , 4
- . - . . . .

i
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© 1.73-2,20. Remaining two singl

! - —

(Jm=2 Hz) because irradiation 6
proton‘co£lapsad the doublet £
singlet. The C~2 proton signal
.Of doublets with 32,3endo'6 Hz
AMX). The C-3 proton appeared

acetyl protons were found at §
o In the case of the 3-acet
singlet for the C-4 protdn coﬁ
isg no céupling between the c-4

fad&, a one-proton singlet ové

multiplet at § 4.90-5.10. Irra
a doublet for the C-6 proton &
Therefore, it was obvious that
proton and a multiplet from éh
the C~-6 and C-2 protons. Like
2~-acetate, the C-3.endo proton
with J3,2endo=6 Hz and J3,2exo
The separation of the iso

olefin ester (183) was a key s

"in chapter II. Our approach so

8l

f the doub#;t for the C-6

or the C-l1 proton to a
was‘gplip into a doublet

and J2,3exo’2 Hz (X part of

as a complex multiplet at §

efs for the carbomethoxy &and
3.70 and 2.03 resp\ctively.
ate (184) (see .Fig. 4), a

1d be expectéd since there
proton and C-3 endo proton. In
rlapped with a one-proton |
diation of the multiplet collapsed
t 6§ 7.03 (J=2 Hz) to a singlet.

a singlet arose from éhe}b-4

e C-1 proton which coupled with
the C-2 endo, proton in the

showed a doublet of doublets

=2 Hz.

mers and thé syntheais of the

tep toward a keto ester as shown

far provided an unambiguous

gyoup at C-2 position had exo

- synthesis of the desired olefin ester (183) where the acetate

onfiguration.

Since we succesfully~;§9t esizéd an analogue of showdomycin

t(2'-epi-$howdomycin), we decided to follow a similar scheme to

=

-




S < - .mﬂvao uT (€87) punodwod jo wnijoads -x-w°u YL ¢ "H1g

0 0t , ot ot or  (yWH  gs 0y ) a¢ o
L LE L] L L] & L] L L4 L L L] L4 v ¥ L L] v . ¥ v L L d Ld Ld . w w —
r r _ m I T | — m I} 1




G "
. i

J—,

1

X

——— .

20

_-i. -

1
ol
- -*--—-"5'0
20
- ...._‘ 0 ——
1
5

S |
_ N
L R R T Q P
: b ” —
- ! ” ) m
. 3-S.0.0.0 3]
m— ™. -~ QT - .
e ! : =
- , _ L v
prvave- —— - !‘ } !
ol I ] m ‘ ' “
l'nlllcm ll_‘l..l Y o. . m .
S s L v =
L Bl I 9
_ J:JII.M - = ) iw
- _ R AR 3 g
I f . ! ¢ o
- i ! .
Q ’ %
«2.Q.n g
llm..w k nﬂ - a S ]
- ” i i - N _w
[ S g 3
ey u -
- i I 0 m
T R = W H
ol @ ;
L. 2 , 1
_ e T, * w
1 r 3
- | e t
. ] B 5
po s 2 peere oo . :

The n
?

]
LI | l#'
~+ - 200

Fig. 4.

) * e .

_ - - w R . N I
2 " - S rus

B b ..v m .. RN PO SR L -

«
ey

8.0

~
i
4
1
_
¢
!
“
!

T T T e P SO T AN DU



O

synthesize 2'-deoxyshowdomycin. - ‘ ‘
Eé&lene chloride

Ozonolysis of the olefin ester (183) in me

~at low temperature, followed by mild reduction with dimethyl

sulfide, afforded the crude aldehydo keto ester (185): Its

n.m.r. spectrum indicated the presence of the open form (185a)

and the hydrated form (185b) in a ratio of 1:3.

OOCH,
OH v

Ac
» ) <=

OOCH,; AcO

1

(183) . , (185a) (185b)

‘Since we knew that there was no-selectivit¥ in reduction
of the Eldehyde and the ketone group from our previous
experience with (122), the aldehydo keto ester was treated‘with
4 equivalents Sf lithium tri-tert-butoxyaluminum ﬁydride in.
tetrahydrofuran at 0° for 4 ir to give the diol ester. (186)
in.62% yield after coluﬁn°chromatggraphy on silicic acid.

The structure of thé diol ester was cdhfirmed‘by acetylation.
Elementgl'analysis, n.m.rx., and mass spectrai?f fhe tria?etate
(;87) fully supported that~structure. ™

Selective silylation of the diol .ester (186) with one

equivalent of tert-butyldimethylsilyl chloride and imidazole

n dimethylformamide at room temperature for 20 hr prov;ded

-
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the hyd:oxy ester (1&8) in 77% yzeld after pur;fication by

column chromatography on sillcic acid.

QOCH,

* }.:“.,

(186) R=H . .{188)
(187)° R=Ac ’

Our or;glnal plan was to oxidize the hydroxy ester to the

'correspondlng keto ester and then treat the latter w1th

carbamoylmethylenetriphenylphosphorane.
Several different methods were examined for the oxidation

of the hydroxy ester (188) to the keto ester, methyl 2= (3a-f“u

'aoetoxy-4B-tert—butyldimethylsiloxymethyl-furaq-lﬂ%?l)

glyoxylate (189). kuthenium-diogide-sodium periodate method‘
which was’succesfully used in the previous series failed.
Using dimethylsulfokioe—dicyc}ohexy;oa;bodiimide (DMSQ~DCC)
with dichloroacetic acid as the proton source}?? the hydroxy
este; was converted to the keto_ester;{189)°inllow yield
within-1 hr at aoom temperature. The crude proddct contained>--
some dicyclohexylurea and aicycloacetyl-N,N’-dicyclohexylurea,
both known by-produots of the oxidation reaction—usxng

dichloroacetic acid. No attempts to remove the byfproduots
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. 86
‘(T' . were made because’ of the known instability of the a-keto '
esters. The proof of the structure 0f the keto ester (189)

4

v was,accompliShed by direct condensation of the crude keto.

ester with carboethoxymothylenetriphenylphosphorane in methylene
chloride at room temperature for 2 hr and obtaiﬁing the maleate
(190) in 44% yield. The maleate (190) was considered to have

the cis diester structure by analogy wzth results wzth other

workers!®+*’ The n.m.r. spectrum of (190) showed a doublet
at 8 6.03 (J=2 Hz) for the vinyl proton wh;oh coupled w1th

- the C-1' proton. ‘ S
. ' . . \ o '
’ : CH,0 COQEL
+3i0 o, T
-~ Ac

(190) A .

. }’ | T 3

" . = (191) . S P

' . DBecause of the low yield of tﬁe keto ester, another iﬁ N \Z
oxidation method was investigated. Wﬁen the‘oxidation of the."} ' §

e ‘ hydroxy-esgg;/&lae) was carried out using dimethylsulfoxide= -
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_wit : compound obtalned from DMSO—DCC oxldatlon and
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2

acetic anhydride!?? at room temperature overnight, better

results were obtained. Without any purification the resultipg

keto ester (189) gave upon condensation with carboethoxy-"

methylenetriphenylphosPhorane the correspondlng maleate (1905

“in ° Leld. This compound was identical in all respects x'

condensation of the above phosphqrane.

The keto ester (189) obtalned by oxidation with d;methyl~

sul foxide~acetic anhydrlde was treated with 1 equivalent of
carbamd&lmethylenetriphenglphosphorane in chloroform at room
temperatnre for .2 hr. The reaction gave a single major product
together with a corisidérable amount of polar products. By |

chromatography of the products on s;llca gel plates, the

- malelmlde (191) was isolated in an overall yxeld of 38% from

the hydroxy ester (188) In agreement with the malelmlde

' structure, this product showed a strong u v. absorptlon

characteristic for the maleimide chromophore at 222 nm in |

3

ethanol. The i.r. spectrum shHowed a broad absorption at 3420 cm~

(NH) and the typical absorptions at 1760, 1?40} 1725,'and
1655 cm 't '
found at m/e 312 (M+-C(CH3)3) The n.m.r. spectrum displayed a
single NH proton at ¢ 8.20 and a vinyl proton at § 6 55/

,The protected 2'-deoxyshowdomycin (191) was subuected to,
treatment w1th 0% 1IN methanolic hydrochloric acid at room

temperature for 26 hr to remove the acetyl and silyl groups.

(C=0, C=C). In the Mmass spectrum the major peak was -

1
b
{
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Subsequeﬁt pdrification by a column, of éilicic acid using
‘ acetcn9~ethyl acetate (3:7) led to crystalline D,L-2'-deoxy-
showdomyein (1729, m.p. 122~124°, in 68%.yield. Kalvoda®® and

Nakagawa et all® used the same conditions to remove the acetyl
. .

groups of 2',3',5'-tri-Ovécetyl-showdbmycin. The mass spectrum
" clearly. indicated the complete removal of the protgcting grbups.
‘Molecular ion was found at m/e 213 (M ) and major fragment

correSPOnding to loss of water from the molecular lon at m/e .

v R R A R I o s SR SRR R S SRS

195 (M ~H O). The u.v. spectrum showed an abscrptlon at 222 nm

g, o 38

(lcg € 4.18) lxke‘showdomyciqjand 2'~epi-showdomycin and the

*

: molar extinction coefficient was also in accordance with the

RUE RS

~

khown examples, thus confirming the structure of the aglycon

S

‘moiety of (172}, Furthermore, the elemental analysis confirmed .

the purity of\the final p#oduct. | ;
g ' .The synthetic route described seems to be‘quite siméle, 4§:
\ and straightforWardc Therefore, the present method would ' %
, .;, . appear to offer én interesting'rocte to analcgues aﬁd homologues 1

(W of ﬁpoﬁdcmyciq.-By extensioh cf-tpecabovg work to the preparation
W o : o ‘ L ne )
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of other type of 2-substituted carbamoylmethylene ylides it
would appear possible to devglop syntheses‘of various 243-

substituted maleimides.
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Contributions to knowledge

[

The eqﬁilibration of the isomeric 2-carbomethoxy-3-nitro-
7-oxabicyclo [2.2.1] heptenes was accomplished. The tert-butyl-
dimethylsilyl group as a selective protecting group for the
primary hydroxyl group adds great vgrsatility to the available
protecting groups for C-nucleoside Synthes§s.

Synthetic routes for the stereochemically controlled
preparation of functionalized C-glycosides, the keto ester
(128,137,189) and 2,5-anhydro-D,L-glucose (144), which open
pathways to heterocyclic systems, were developed. Facile
syntheses of D,L-2'-epi-showdomycin, D,L-2'-epi-pyrazofurin 3,
and D,L-2'-deoxyshowdomycin were accomplished from the keto
esters. Valuable intermediates for the synthesis of C-nucleosides
were prepared.

The infor&;tion obtained from the mass spectra of the
above C-nucleosides would be useful for the structural

elucidation of C-nucleosidigﬁptibiotics.

Many new compounds were prepared and characterized.
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Experimental Section

Melting points were determined on a Gallenkamp block
and are uncorrected.

N.m.r. spectra were obtained on a Varian T-60 or
HA-100 spectrometer with tetramethylsilane as an internal
standard. Chemical shifts are reported in parts per million (§)
and signals are described as s (singlet), d (doublet), t
(triplet), g (quartet), and m (multiplet). Values given
for the coupling constants are first order. Mass spectra

were obtained on an AEI-MS-902 mass spectrometer using the

‘direct sample inlet system with 70 eV ionization energy at

the_  indicated temperature. I.r. spectra were obtained on
a Unicam SP-1000 or Perkin-Elmer PE-257 infrared spectrometer.
U.v. spectra were recorded using a Unicam SP-800 spectrometer.

q
Analytical thin layer chromatography was domre using

silica gel coated plastic plates (Eastman Kodak) and preparative
thin layer chromatography using 20x20 cm glass plates coated
with a 1 mm layer of Brinkmann HP254,366' Woelm alumina

(act. III) and silicic acid (act. III) were used for column
chromatography unless otherwise specif}ed.

Elemental anlayses were performed by C. Daessle, Montreal

or Heterocyclic Chemical Corporation, Missouri.

<
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Chapter I

Methyl B-nitroacrylate (89)7°

I

©

To a solution of methylacrylate (86 ¢, 1 mole) and iodine
(254 g, 1 mole) in ethyl ether (1000 ml) at 0° was introduced
nitrogen dioxide (46 g, 1 mole) over a period of 1 hr under
nitrogen. The reaction mixture was stirred for an additional
¥

2 hr under niﬁ&oqen. The ether solution was washed with a

saturated sodium thiosulfate solution, aqueous sodium bicarbonate,

water, and dried over sodium sulfate. Evaporation of the solvent a

left 168 g of methyl 3—nit;o-2—iodopropionate as a brown oil.
Without purification, this compound was directly used. To a
stirred suspension of anhydrous sodium acetate (53 g, 0.65 mole)
in ethyl ether (0.5 1) was added dropwise methyl 3-nitro-2-
iodopropionate (168 g, 0.65 mole) at room temperature. The
reaction mixture was refluxed for 'L hr. Filtration of sodium
iodide and evapcoration to dryness left a dark brown oil which
after crystallization from methanol-ice afforded 65 g (75%)

of (89) as a yellow solid with m.p. 36-38° (lit. 38°).

I.r. (neat): 1730 (C=0), 1540 (NO,), 1645 em™1

(C=aC) .

N.m.r. CCDC13): 6 3.91 (s, 3H), 7.15 (d;‘}H), 7.80 (d, 1lH).

/
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2-Endo~carbomethoxy-3-ex3-nitro-7~oxabicycio (2.2,1} hept-5- -

ene (90) and 2-exo-carbomethoxy-3-endo-nitro-7-oxabicyclo

(2.2.1] hept-5-ene (91)

t
§
. @

A mixturejbf methyl B-nitroacrylate (89) (131 g, l,nole)

v

and furan (272 g, 4 mole) was stirred overnight at room
temperature. Evapdratioﬁ of excess furan gave 189 g (95%) df.'
theu}someric mixture (90y9}) as a yellow oil.

One isomer, the endo-~nitro adéuct (9i), was crystéll£zed
from ethyl ether, giving 113 g (56%) with m.p. 66~67°.
1 .

I.r. (KBr): 1730 (C=0), 1540 (NO,), 870 cm & (C-N).

m.r.

5.39 (d, 1H, J; =2 Hz, H-1), 5.43-5.70 (s+m, 2H,
4
H-3, H-6), 5.40 (44, 1lH, J6'5=6 Hz, J6'1=2 Hz) ,

-

* ¢ 6-76 (dd’ lH[ J5’6=6 HZ, J5,4a2 Hz) . .

The filtrate comtaminated with (91) was concentrated to
dryness. Chromatography-of the residue on a column of silicic

acid using chlqroform gave 57 g (29%) bf (90) as an oil.

I.r. (neat): 1735 (C=0), 1525 (NO,), 870 em™ Y (e-N). ¢

N.m.r. (CDCl,): & 3,75 (s, 3H, OCHy), 3.90 (44, 1H, J, l-4‘uz,
7
32'3’2“32, H_Z)' 4.82 (d' 1H' J3'2-2 HZ, H"3)l

5.32 (d, 1H, J, ,=4 Hz, H-1), 5.50 (s, 1H, H-4),
. . !
. T) 6.55 (b.s, 2H, H-5, H-6).

b e g e e i e B
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thoride (50 ml) was add ed dropwxse a solution of 85% i

;over ight at 50° end evaporated to dryness. The residue

bicarBonate solution .and thh water, dried and evaporated. :

5-Endo-caxbomethoxy—6-exo~nitfo~2,3—éxo~epoxido~7-oxabicyclo

[2.2.1] heptane (94)

(a) To-a solution of (90) (3.03, 15 mmole) in methylene

m-chloroperben201c acid, (3.66 g, 17 mmole) in methylene chloride
(50 ml). Stirring was continued for 2 days at room temperature.

The reaction mixture was washed with 10% sodium sulfite and

4 .
5% sodium hicarbonate selution, water, and fifially with brine.

Drying over ,sodium sulfate and evaporation gave 2.44 g (74.43%)
¥

of (94) as an oil which was crystalled from methanol,
{

/
- ° L

m.p. 109 }10 I

/

1745 (€=0), 1550 cm T

I.r. (KBr): (NOZ)'

N.m.r. (CDClj): & 3.46 (q, 28, J=4 Hz, H-2, H-3), 3.82 (s, 3H,

OCH,) , 4.00 (q, lH, J=4 Hz, H-5), 4.76-5.03 ;
(m, 2H, H-4, H-6), 5.10 (s, 1H, H-1).
Mass (170°): m/e 215 (M%), 169 (M"-N0,) , 109 (M'-COOCH,-HNO,).
Anal. Ca{cd.’for CgHgNO:'C, 44%.65; H, 4.17; N, 6.51.
Found: C, 44.66; H, 4.34; N, 6.68. .
(b) A mixture of (90) (199 mg, 1 mmole) &hd 30% ﬁydroqen

. " ¢
peroxide (0.9 ml) in 98% formic acid (5 ml) -was stirred

wa dissolved in chloroform, washed with O 1N sodium

1]

4




Mass (130°): m/e 215 (M7), 184 (M™-0 Hy)) 169 (M*~Noz),5199"

95

| .

%
The residue wias purified by chromatography on| a silica gel
plate using PenZene-ethyloacetate (1:1), (giving 71 mg of y
(94) as an oil which was crystallized frgm methanol with

m.p. 109-110°. The spectral data (i.r., n.m.r}, m,s.) were

identical with those of the product obtained %s abovd.

. ;
S-Exo-carbomethoxy-6-endo~-nitro-2,3-exo~dpoxifdo-7-oxabicyclo

[2.2.1]) heptane (95)

To a solution of (91) (2.02 g, 10 mpole) in methylene

chloride (40 ml) was added by protions a|solution of 85% m=
chloroperbenzoic acid (2.49 g, 14 mmole)| in methylene chloride
(40 ml). The mixture was stirred for 2 ays at room temperature.
Excess peracid was then destroyed by additidn of 10% sodiuﬁ'
sulfite solution. The organic phase was|/washed with 5% aqueous
sodlum blcappgpate and water and dried pver|magnesium sulfate.
Solvent rembﬁal léft an-o0il which was rfst llized from ethyl
ether. Recryétajggaatlon from chloroform-~hexane gave 1.31 g

(60%) of (95) with m.p. 100-101°.

¥ o

7/ )

I.r. (KBr): 1740 (C=0)} 1550 cm * (NO.).
N.m.r. (GDC1lg): 6 3.30-3.60 (m, 38, HL2, #-3, H~5), 3.80 (se’ga,

OCHs), 4.80 (s, 1H, H-4),/ 4.88 (4, lH'°Jl,6‘5 Hz,

H—l)l 5-42 (qr’ lH' J 4 H ’ H-G)u . 0

+
(M "'COOCH:;'HNOZ ) "

e e s
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.96

Anal})Calcd. for CaﬁgNO6

Found: C, 44.54; H, 4.44; N, 6.77.

: C, 44.65; H, 4.17; N, 6.51.}

)

\

S-Carbomethoxy-2,3~exo-epoxido-7-oxabicyclo (2.2.1] hept~5~-
ene (96)

A solution of (95) (319 mg, 1.48 mmole) and DBU (281 mg,

1377 mmole)'in methylene chloride (10 ml) was refluxed for

40 min. The mixtdre was diluted with methylene chloride, washed

with 0.1lN hydrochloric acid three times, water, and évaporated

to dryness. The crude product was purified by passing it through

a column of silicic acid using chloroform. Crystallization of
the major product from carbon tetrachloride-hexane gave 152 mg
(61%) of (96) with m.p. 76-77°.

I.r. (KBr): 1700 (C=0), 1595 cm t

(C=C) .

N.m.r. (CDC13)= d 3.48 (4, 1H, J=3.5 Hz, H-2(3)), 3.62 (4, 1lH,
J=3.5 Hz, H-3(2)), 3.75 (s, 3H, OCH,), 4.88
(d, 18, J=2 Hz, H-1), 5.00 (s, 1H, H-4), 7.26
(d, 1H, J=2 Hz, H-6).

Mass {(120°): m/e 168 (M), 153 (MT-cH ), 139, 136 (M -CHjDH)

Anal. Caled. for CBHSO4 c, 57.14; #, 4. 80, -

Found: C, 57.37; H, 4.85.

Using the same conditions described above, (94)?#55 transforimed
to (96) identical in all respects with the compound obtained
from (95).

!
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S-Exo-6-endo-diﬁydroxy-3-exo-nitro-7-oxabiqyclo [2.2.1]

hgptane-z-endofcarbéxYlic'acid y~lactone (97)

A golution of (94) .(3.12 g, 15 mmole) in acetic acid
(20 ml), hydrochloric acid (10 ml), and water (10 ml) was
heated at 90-~95° for 2 hr; After cooling to room temperature,
the solvents were evapératéd in vacuo to dryness and the
residue was coevaporated with ethanol. The black residue
was diséslved in hot acetone and treated with charcoél. The
filtrate was concentrated to afford 5~yeilow oil. Crystallizatiog
from acetone-chloroform gave 2.34 g (60%) of (97) with

m.p. 170-171°,

1

b

N.m.r. ((CD3)2CO): § 3.36 (b.s, 1H, OH), 3.63 (4, 1lH, Jz l=5 Hz,
. ’ R ’

I.x. (KBr): 3500 (OH), 1800 (lactone C=0), 1575 cm % (3O
_H-2), 4.10 (s, 1H, H-5), 4.63 (d, lH,
J6'1=5 Hz, H-6), 5.25 (s, lH, H-4), 5.33
(s, 1H, H-3), 5.60 (t, 1§, J=5 Hz; H~1).
Anal. Calcd. for C,H,NO : C, 41.79; H, 3.48; N, 6.96.
Found: C, 41.66; H, 3.75; N, 7.17.




T3

)

+I.r. (KBr): 1800 (lactone C=0), 1745 (C=0), 1560 cm

[ . S 98 |

-

5-Exo—acetoxy—é-endo-hydrqu-3—exo-nitro-7koxibicvclo [2.2.1]
- < _

heptane-2-endo-carboxylic acid y-lactone (102)

A mixture of (97) (165 mg) and acetic a;hydride (2’ml)
conta;ninqlone equivalent of p;toluenésulfonic acid monohydrate
Qas stirred at room temperature for 30 min. The resulting solid
was collected by filtration and washed with cold water to give

139 mg (70%) of analitically pure (102) with m.p. 198-200°.

-1 ]
(Noz).

N.m.r. (DMSO-ds): § 2.08 (s, 3H,COCH3), 3.62 (4, 1H, J6 l=59Hz,
/

H-6), 4.82 (4, lH, J, .=5 Hz, H=2), 4.98

2'1
(5, lH' H"S), 5036 (S, lH, H-3)’ 5062 (t’ lH'
J=5 Hz, H-1), 5.83 (s, 1lH, H-4).

Mass (210°): m/e 243 (M%), 196 (M+-N02), 155, 109.

9H9NO7 C, 44.44; H, 3.70; N, 5.76.

Found: C, 44.24; H, 3.73; N, 5.41.

Anal. Calecd. fgr C

6~-Endo-hydroxy-3-exo~-nitro-5-exo-tetrahydropyranyloxy-7-

oxabicyclo [2.2.1] heptane-2-endo-carboxylic acid y-lactone (103)

To a solution' o¥ . (97) (1.0 g, 5 mmole) and p-toluenesulfonic
74 »
acid (10 mg) in acetone was added dihydropyran (2 ml). The
mlxture was stirred at room temperature for 4 hr and then ##f

evaporated \1eaving a Solld residue. Recrystallization from j’iﬁ

[




acetone-hexane gaGe 1.21 g (85%) of (103) with m.p. 123-124°.

I.r. (KBr): 1800 (lactone C=0), 1560 (NOZ), 1040 cm-l.

N.m.r. ((CD3)2C0): § 1.57 (m, 6H, (CH2)3), 3.33-3.57 (m, 3H),
3.90 (s,-1H), 4.36-4.70 (m, 2H), 5.03

by

(b.s, 2H), 5.23 (t, 1H, J=4 Hz).
-

Anal. Calcd. for 012H15N07: C, 50.53; H, 5.26; N, 4.91. v
Found: C, 50.43; H, 5.47; N, 5.12.

S-Carbomethoxy-3-endo-hydroxy-2-exo-tertrahydropyranyloxy-7-

oxabicyclo (2.2.1] hépt—S—ene-(lOS) and 6-Endo-hydrox¥~3

7

exo-methoxy-5~exo~tetrahydrdpyranyloxy-7-~oxabicyclo (2.2.1]

heptane-2-endo-carboxylic acid y-lactone (108)

(a) A solution of (103) (336 mg, 1.18 mmole) and DBU (205 mg,

0.13 mmole) in methanol-methylene chloride (1:1) (10 ml) was
)
refluxed for 45 min. Thgigolvents were then evaporated and the
. - i
residue was dissolved in chloroform, washed with 0.1N hydrochloric

acid three times and water, dried over sodium sulfate and

evaporated. The residue was applied on silica gel plates using

chloroform. Elution of the major, more polar band gave 220 mg

(70%) of (105) as an oil.

1

!

I.r. (CHCl,): 3480 .(OH), 1720 (C=0), 1625 o™l (c=c).
3
N.m.r. (CDCl,): § 1.68 (m, 6H, (CHy),), 2.70 (b.s, 1H, OH),
' 3.65 (m, 2H), 3.76 (s, 4H), 4.25 (4, 1H, J=4 Hz),

’



100

4 - .
( )
H
i

4.76 (m, 1H), 5.00-5,08 (m, 2H), 7.17 (4, 1H,

. J=2 Hz, 'C=CH) .- ) g
. d [
° Anal. Caled. for 91331806: C, 57.77; H, 6.71.
Found: €, 57.65; H,  6.58. -

-

-

&

Elution of the minor, less polar band gave 45 mg (14%) of (108)

a

-4

with m.p. 134-136°. -

1

I.r. (KBr): 1800 cm (lactone C=0) . ’ ’ o

N.m.r. (cDCly): 6 1.66 (m, 6H), 2.73 (4, 1H, J=4 Hz), 3.40
(s, 3H, OCHy), '3.50-4.00 (m, 4H), 4.56 (4, 1H,
J=4 Hz), 4.67-4.90 (m, 2H), 5.36 (t, 1H, J=5 Hz2).~

o

Mass (160°): m/e 270 (M'), 238 (M*-ca3on).

Anal. Calcd. ?or C13H18°6= C,L57.7l; H, 6.71.

- Found: C’ 57.82; H’ 607IQ ‘ Ad
. ' . _
(b) A solutjon of (103) (285 mg, 1 mmole) and triethylamine v
- ‘ (167 fig, 1 mmole) in methanol-methylene chioriﬂe (1:1)' (10 ml)

was refluxed for 8 hr. The®solvents were evapbrated to drynéés

and residue was dissolved in chlorofor®3 washed with dilute i ‘

hydrochloric acid and water. The organic phase was dried over

, f * sodium sulfate and evaporated.‘Chrdmaﬁography of the resid |
. on a column of silicic acid using chloroform gave 176 m;\Jré~\\ ©

(65%) of (105) as an oil.
| o , . ! i

’ N




k)

“ ,"- . i : .\

a3:Endo-agetoxy-5-cprbometh6xy-2-eko-tétrahydroﬁyranyloxy-?-

-1

oxabicyclo [2.2.1] hept-S-ene (106) o

)

A solution ofi(lOS) (91 mg) . and acetic anhydride (1’ ml)
), ’ - . .
in pyridine (2 ml) was stirred overnight at room temperature.

"The mixture was then evaporated to dryness in vacuo. The

4 - ) *

residue was°dissolved ' in chloroform and washed with water.

-

The dried organic phase was evaporated apd purified by
chromatography on a silica gel plate using ethyl ether, giving
70 mg (67%) of (106) as an oil which solidified ‘on standing -

with m.p. 81-82°. ¢

) t

1

I.r. (CHCl,): 1740 (C=0), 1625 cm~ ! (c=0).

N.m.r. (CDCl,): & 1.69 (m,  6H, (CHy);), 1.96 (s, 3H, CH;CO), 3.47

3)
{m, 1H), 3.76 (s+m, 5H), 4,76 (b.s, 1H), 4.96~-
5.33 (m, 3H), 7.17 (d, lH, 32 Hz).

Mass (145°): m/e 312 (M%), 281 (M*-ocH,), 228 (M"-0(cH,) ,cH) .
Anal. Cilcd for &, H,,0,: C, 57.68;1H, 6.46. . )

.
Found: C,’ﬁi.47; H, 6.49,

P
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5-Carbomethoxyj2—exo—3—§ndo—ai-tert—butyldimethylsiloxx—?—

oxabicyclo [2.2.1] hept-5-ene (110)

A solution of (105) (1.8 g, 6.67 mmole) in methanol (10 ml)
and 0.1N hydrochloric acid (10 ml) was stirred overnight at
room temperature. After evaporation to dryness in vacuo, the
resulting compound (109) was treated with tert-butyldimethylsilyl
chloride (3.04 g, 20 mmole) and imidazole (1.36 g, 20 mmole) in
dry dimethylformamide (10 ml) at 45° for 24 hr. The mixture
was evaporated to dryness and the residue was dissolved in
chloroform, washed with water three times, dried over sodium
sulfate, and evaporated. Chromatography of the residue on a
column of silicic acid using hexane-methylene chloride (2:3)

-gave 1.14 g (41%) of (110) as an oil which solidified on

standing with m.p. 90-91°.

[t

1

I.r. (KBr): 1738 (C=0), 1630 cm ~ (C=C).

N.m.r. (cbc13): § 0.10 (s, 1l2H, ZSi(CH3)2), 0.83 (s, 9H, C(CH3)3),

0.90 (s, 9H, C(CH 3.54 (b.s, 1H, H-2), 3.64

3)3) [4
(s, 3H, OCH3), 4.02 (4, 1H, J3 4=4 Hz, H-3),

=2 Hz, H-1), 4.85 (4, 1H, J =

4.62 (a4, 1H, J 4.3

1,6

4 Hz, H-4), 7.02 (d, 1H, J, ,=2 Hz, H-6)"
, .
- ' ) ) & .
. Anal. Calcd. for C20H3805812. cC, 57.97; H, 9.18.
Found: C, 57.88; H, 9.27. 4
. Sy
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5-Carbomethoxy-2-exo-3-endo-diacetoxy-7-oxabicyclo [2.2.1]

hept-5-ene (111)

After hydrolysis of the tetrahydropyranyl ether (105) as
prepared for (110), the resulting diol (109) (76 mg) was
stirred overnight at room temperature with acetic anhydride
and pyridine. Following evaporation the residue was
chromatographed on a silica gel plate using methylene chloride.
Crystallization from hexane-carbon tetrachloride gave 80 mg
(73%) of (111) with m.p. 78-79°,

I.r. (CHCl3): 1755, 1735 (C=0), 1625 cm:}

—nn

N.m.r. ((CD3);CO): ¢ 1.98 and 2.14 (s, 3H, each, COCH4), 3.77

(C=0) .

(s, 3H, OCH,), 4.63 (b.s, 1H), 4.96-5.37
(m, 3H), 7.28 (4, lH, J, .=2 Hz).
Mass (120°): m/e 270 (M7), 239 (M+-0CH3), 227 (M+-CH3CO), 167,
127, 102, 43.
Anal. Calcd. for C,,H,,0,: C, 53.33;H, 5.22.

T1271477
Found: C, 53.62; H, 5.43. -
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S-Carbomethoxy-2-exo-3-endo-dipivaloyloxy—-7-oxabicyclo

(2.2.1] hept—-5-ene (1l12)

The crude diol (109) (155 mg, 0.83 mmole) was treated
with pivaloyl chloride (1 ml) and pyridine (2 ml). The reaction
mixture was stirred overnight at ambient temperature and
evaporated to dryness. The residue was dissolved in chloroform,
washed with 0.1N hydrochloric acid and water, dried over
sodium sulfate. After solvent removal purification of the
residue by chromatography on silica gel plates using methylene

chloride afforded 182 mg (72%) of (112) as a homogeneous

syrup.

I.r. (CHCl,): 1750, 1735 (C=0), 1630 em™L.

N.m.r. (CDCly): § 1.10 and 1.23 (s, 9H, each C(CH;),) , 3.74
(s, 3H, OCH)), 4.52 (b.s, 1H, H-2), 4.94

(d, 14, J =2 Hz), 5.03 (4, 1lH, J3 4=4 Hz) ,
7’

1'6

, 5.2.3“ (d, lH, J4'3=4 HZ), 7.21 (d' lH, J6'1=2' Hz)o
Mass (100°): m/e 354 (M%), 339 (M*-cn3); 323 (v*-ocuy), 228.
Anal. Calcd. for C1332607:°C' 61.00; H, 7.40.

Fqund: C, 59.88; H, 7.64.
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S-Carbomethoxy-3-endo-pivaloyloxy-2-exo-tetrahydropyranyloxy-

7-oxabicyclo [2.2.1] hept-5-ene (l13)

3

A mixture of (105) (61 mg, 0.23 mmole) and pivaloyl
chloride (0.5 ml) in‘pyridiﬁé (1 mli wag stirred‘overnight
at room temperature. The mixture was eYaporated,to dryness
and the residue was dissolved in chloroform, wasﬁed with 0.1N
hydrochloric acid and water. The organic layer was dried over
sodium sulfate and evaporated. The residue was chromatographed
on a column of silicic acid using methylene phloride, giving

67 mg (85%) of (113) as an oil.

L (c=ey. .

I.r. (CHCl,): 1760, 1750 (C=0), 1630 cm~

N.m.r. (CDC13): § 1.15 (s, 9H, C(CH3)3), 1.33-1.90 (m, 6H,
(CH,)3), 3.33-4.00 (s+m, 6H), 4.85 (m, lH),
4.90-5.33 (m, 3H), 7.%2(d, 1H, J=2 Hz).

2
a

5;Carbomethoxy-Z-exo;hydroxy-3-endo-inaloyloxy~7-oxabiéyclo

°

[2.2.1] hept-5-ene (114)

.

A solution of (113? (67 mg, 0.19 mmole) in acetic acid-
water-tetrahydrofuran (6:3:2) (11 ml) was stirred overnight
at room temperature. Aftér evaporation to dryrness  in vacuo,
the residue was chromatoéraphea on a column of silicic acid

using chloroform, givihg 43 mg (84%8) of (114) as an oil.

Ve
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106

1

I.r. (CHCl,): 3450 (OH), 1625 cm - (C=C).

N.m.r. (CDCly): § 1.10 (s, 9H, C(CH4)4), 3.00 (b.s, 1H, OH),
3.60 (b.s, 1lH, H-2), 3.70 (s, 3H, OCHj),
4.66 (d, 1H, J, ;=4 Hz, H-4), 4.90 (4, 1H,
14
Jl’6=2 Hz, H-1), 5.20 (4, 1H, Jy 4=4 Hz, H-3),
7-10 (d' lH’ J =2 HZ, H-G)-

kY

6,1

L)

5-Carbomethoxy-2-exo=-3~endo-dipivaloyloxy-7-oxabicyclo [2.2.1]

hept-5-ene (115)

A solution of (114) (43 mg) and pivaloyl chloride’(O.S ml)
in pyridine (1 ml) was stirred ovefnight at room temperature.
After usual work-up the residue was chromatographed on a
column of neutral alumina using chloroform, giving 56 mg (100%) ¢

of (115) as an oil. The n.m.r. and i.r. spectra were

it B

superimposable with those of the compound(l112) obtained from

¢

the diol (109).
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Chapter II

LI

)
6~Endo~hydroxy=-3-exo-nitro-5-exo-tert-butyldimethylsiloxy-7-

oxabicyclo [2.2.1] heptane-2-endo-carboxylic acid y-lactone (117)

*

To a solution of (97) (2.01 g, 10 mmole) in tetrahydrofuran
(20 ml) and dimethylformamide (20 ml) was added tert-butyl-
dimethylsilyl chloride (2.26 g, 15 mmoble) and imidazole (1.90 g,
25 mmole). The reaction mixture was‘stirred at room temperature
for one day. After evaporation of the solvent the residue was
dissolved in ethyl acetate, washed with water, dried, and ,
evaporated. The residue was chromatographed on a coluﬁn of y

silicic acid (40 g) using methylene chloride, giving 2.84 g

(90%) of (117) as an oil which was cryst&llized from hexane
with m.p. 112-113%2

=

1
(N0,) .

I.r. (Nujol): 1800 (lactone C=0), 1560 cm

N.m.r. (CDCl,): & 0.16 (s, 6H, Si(CH,),), 0.95 (s, 9H, C(CHj)3),
3.76 (4, 1H, J2,1=5 Hz, H-2), 4.00 (s, 1H, H-5),
4.58 (3, 18, J; |=5 Hz, H-6), 4.84 (s, 1H, H-4),
5.14 (s, 1H, H-3), 5.51 (t, 1H, J=5 Hz, H-1).

Mass (150°): m/e 315 (M*), 258 (M*-C (CH,) 5)

Anal. Caled. for C ,H, NO(Si: C, 49.52; H, 6.67; N, 4.44.

Found: C, 49.77; H, 6.87; N, 4.56.

AL
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L ~

~ 5-Carbomethoxy-3-endo-hydroxy-2-exo-tert-butyldimethylsiloxy-

7-oxabicyclo [2.2.1] hept-5-epe (118) and 6-Endo-hydroxy=3-
= ,

exo-methoxy-5-exo~tert-butyldimethylsiloxy-7-oxabicyclo [2.2.1]
G v

heptane-2-endo~-carboxylic acid y-lactone (119)

(a) To a stirred refluxing solution of DBU (635 mg) in methylene
chloride—meéhanol (1:1) (30 ml) was added dropwise ; solution of
(117) (1.22 g, 3.8 mmole) in methy}ene chloriée (15 ml). The
mixture was refluxed for an additional 15 min. After evapora;ion
of the cooled solution the residue was dissolved in chloroform,
washed with dilute hydrochloric acid and water, dried over sodium
sulfate, and evaporated. The residue was chromatographed on a
column of silicic acid using éhloréform; giving 976 mg (84%)

of the more polar compound (llg) as a colorless syrup.

9

I.r. (CHC1,): 3500 (OH), 1725 (C=0), 1620 P

(C:C)‘ -
N.m.r. (CDCl,): 6 0.13 (s, 6H, Si(CH),), 0.97 (s, 9H, C(CHj);),
3037 (b-S, lH' OH); 3066 (S, l}l' H-Z)l 3076 (S,
3H, OCHB)’ 4.13 (d’ lH' J3,4=5 \Ez, H"'3)' 407‘5
(4, 1H, J, (=2 Hz, B-1), 5.01 (d, 1H, I, ;=5 Hz,
r . [4 B

H—4)’ 7.08 (d, lH, J g.2 Hz' H-G)n

6,1

~

™

The less polar compound (119) (62 mg) was also obtained.

.4
W

#

i
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.I.rx. (CHC13): 1800 cm .

109

-1 , "\'

N.m.r. (CDC13): 5 0015_ (S' GH, S' QH, C(CHB)B)'

o 2.67 (4, 1H, JAS'H 3H, OCH,),

4.30+4.50 (m, 2H),
5.63 (m, 1H).

Anal, ca¥®d. -for 013H2405; c,

i

Found: ¢, 59.95; H, 9.3

(b) A solution of (117) (316 mg, 1 mmole) and triethylamine -
(167 mg, 1.1 mmole) in\methanol (10 ml)-was refluxed for 6 hr.
The mixture was then evaporated ﬁd.dryness. The residue was
dissolved in <hloroform and washed with water. The organic
phase was dried over sodium sulfate and»evaporated toudryness.
Chromatodgraphy of the residue on a column of silicdic ac1d

using chloroform afforded 230 mg (72%) of'.QlS) as a coloriess

oil. " e (/// N

L ]

S-Carb’methogy-3-endo-pivaloyloxy-2—exo-tertubUtyldimethylsl1oxy-

.7-oxabicyclo [2.2.1] hept-5~ene (120)

. A mixture o@ (118) (BZQ mgy, 1 mmole{ and pivaloyllchloride
(1 ml) in dry pyridigg (5 ml) was stirred overnight at room
temperatﬁre~and.then evaporated %Q/ﬁiynes . in §a9u6. The mixture
was coevaporated with goluené as'.a chaser, dissolved in

chloroform, and washed with 5% derochloric acid and water.

- e P ——
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The dried organic phase was evaporated and thé residue Q?ﬁ '
chromatographéd on a colurfjof silicic acid (120) using .
ethyl ether-hexane (1:1), giving 300 mg (89%) of (120) as -
a syrup that'solidified on standirng with m.p. 48-49°. .

I.r. (neat): 1760, 1750 (C=0), 1630 cm*

(c=C).

N.m.r. (CDCly): & 0.10 (s, 6H, Si(CHj),), 0.87 (s, 9H, SiC(CH,)),
1.13 (s, 9H, C(CH3)3), 3.72 (s, 3H, OCH,), 3.80
(b.s, 1H), 4.80 (b.s, 1H), 4.88 (d, 1H, J=5 Hz),
5.25 (d, 1H, J=5 Hz), .7.28 (d, lH, J=2 Hz).

Mass (110°): m/e 369 (M'-CH,), 353 (M'-OCH,), 327 (M'-C(CHj) ),

.258, 201. -

Anal. Caled. for C,4H;,0.Si: C, 59.35; H, 8.39.

Found: C, 59.66; H, 8.28&

[

-Carbomethoxy-2-exo-3-endo—dl-Lert-butyldlmethylslloxy-7-
O\l
oxabicyclo [2.2.1] .hept-5-ene (121)

se A m;xture of (118) (1.14 g, 3.8 mmole) , tert-butyl-
dimethy131lyl chlorlde (1 44 g, 9.5 mmole) and imiazole (610 mg,
8.9 mmole) ln.dimethylformamlde (20 ml) was stirred at room

temperature for 6 hr and then evaporated t6 dryness. The residue

was dissolved in ethyl acetate, washed with water and with

brine, dried over sodium:sulfate, and evaporated. The resulting

* syrup was chromatographed on a column of silicic acid using ethfl

i i RS
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ether-hexane (1l:1), giying 600 mg (51%) of (121) as an oil
which solidified on standing with m.p. 90-91°. The product
was identical 'in all respects (J;m.r., i.r., m.p.) with

-

the compound (110) obtained from (105).

Y

Methyl 2-(4B8-aldehydo-28,3a~dihydroxy=~2,3-di~0~tert-butyl-

dimethylsilyl-furan-l8-vyl) glyoxylate (122)

(a) To a solution of (121) (241 mg, 0.58 mmole) in carbon
tetrachloride (10 ml) was added ruthenium dioxide dihydrate
(20 mg) and a solution of sodium periodate (500 m?) in

water (10 ml). The pH of the aquebus laye; was controlled
between 6 and 7 by the addition of a 30% dodium bicarbonate
solution. After 1.5 hr stirring at room temperature, the
feaction was terminated by adding a few drops of isopropyl
alcohol. Ruthenium dioxide was removed on Celite and the
organic phase was washed with water and brine, dried over
magnesium sulfate, and evaporated. Chromatography of the
residue on a column of silipic acid using chloroform as eluent
afforded 125 mg (48%) of (122) which solidified on standing
with m.p. 81°. '

-

A\

I.r. (CHCl,): 1770, 1750 cm *(C=0).

N.m.r. (CDCl,): & 0.03 (s, 6H, Si(CHB)Z)' 0.16 (s, 6H, Si(CH

3
" 0.80 (s, 9H, C(CHg) ), 0.97 (s, 9H, C(CH4)3),

3)2)l
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( 4.05 (S} 3H’ OCH3), 4-43 (b.S, 2H)’ 4.82
) . (d, 1H, J=4 Hz), 5.65 (d, lH, J=4 Hz), 9.13
(s’ lH)' \
Anal. Calcd. for C20H3807Sizz C, 53.81; H, 8.52.
Found: C, 54.10; H, 8.36.

(b) To a solution of (121) (109 mg) in dry methylene chloride
at -78° was bubbled ozone until a blue color was observed.
Excess ozone was removed by passing nitrogen while the system

was kept at -78° and dimethyl sulfide (0.5 ml) was added.

The mixture was allowed to come tQ room temperature over a
period of 5 hr. The sclution was then washed with brine three
times and dried over magnesium sulfate. Evaporation of the

solvent gave 115 mg (98%) of (122) with m.p. 81%. The n.m.r.

and i.r. spectra were -superimposable with those of the compound

prepared above. The melting point was not depressed upon mixture

with an above sample.

| In most cases, the product existed as a mixture of the
- {

1 free aldehydo keto ester (122) and its hydrate (123).

- .
. \
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Methyl 2-(28,3a-dihydroxy-2,3-di-0-tert-butyldimethylsilyl -

4R-hydroxymethyl~furan-1l8-yl) glycolate (124)

(a) After reductive ozonolysis®® of (121) (386 mg, 0.93 mmole)
in methylene chloride, the solution was washed with brine two
timés, dried, and evaporéted. To a solution of the residue in
dry tetrahydrofuran (40 ml) was added‘lithium tri-tert-butoxy-
aluminum hydride (954 mg, -3.72 mmole) at 0°. The resultipg clear
mixture was allowed to warm to room temperature and styrred
overnight under nitrogen. A solution of ammonium sulfate (2 g)
in water (2 ml) and Celite (1 g) were added to the reaction
mixture at 0°. The mixture w;s stirred for 30 min and finally
filtered over a layer of Celite. The residue was washed with
tetrahydrofuran. Following evaporation of the selvent\the residﬁe
was dissolved in ;thyl‘acetate, washed with water, dried, and
evaporated. The residue was purified by chromatography on silica
gel plates using ethyl ether-hexane (2:1), giving 250 mg (59%)

of (124) as an oil.

I.r. (CHCl;): 3500 (OH), 1745 em™t

(C=0) . {
N.m.z. (CDC13) s § 0.10 (m, 12H, 25i(CHy),), 0.86 (s, 9H, C(CHy) ),
o.so%fs, 9a.§c(cn3)3). 1.96 (b.s, 1H), 2.70
(b,%g 1H), 3.54-4.36 (m, 10H).
Anal. Caled. for C,oH,,0,8i,: C, 53,33; H, 9.33.

-~ Found: ¢, 53.00; H, ».17. s
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, . * *
(b) Prepa¥ation of zinc borohydride®?

|

A mixture of anhydrous zinc chloride (4.0 g) with dry
ethyl ether (50 ml) was boiled until most of the solid had
dissoived. The mixture was allowed to stand at room températﬁre
and the supernant liquid was carefully decanted from insoluble
material. The ethexeal zinc chloride solution was added dropwise
at room temperature to a stirred suspension of sodium borohydride
(2.7 g) in dry ethyl ether (150 ml). Stirring was continued
overnight. The solids were §alowed to settle, and the liquid

was removed by filtration. The ethereal solutioh ofgzinc

borohydride was stored under nitrogen.

(c) Preparation of the doil (124) with zinc borohydriée

After reductive’ozonolysis Qf (121) (207 mg, ,5 mmole)
in metpykmz chloride as above the ethereal zinc borohydride
solution (5 ml) wals added to a solution of the resulting
aldehydo kgto.est r in dry ethyl ethern(;o ml). After

stirring at '0° ffor 0.5 ht, 5 ml of 50% aqueous acetic acid was

added and the nixture was 'stirred for 30 min. The mixture was
evaporated to dryhess in vacuo. The residue was dissolved.in
ethyl acetate, washed with brine and evaporated. The residue
was purified by chromatography on a silica gel plate using

hexane-ethyl ether (1:2), giving 68 mg (308) of 4124).

’
a

D e T
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The product was identtical with the compound obtained from (a).

B

(d) Preparatipn of the diol (124) with diborane

.
'} PR

< -

’ After reductive ozonolysis of ilZl) (312 mg, 0.75 ‘mmole)
in methylene chloride, a solution of the resulting aldeh&do keto
ester in dry tetrahydrofuran (5 ml) was cooled 'in an ice bath.
Then, a 1M d@borane solution (1 ml) was added and stirred for
1 hr at 0°. Excess hydride was carefully destroyed with water.
The mixture was diluted with ethyl acetate. The organic phase
was washed with brine, dried, amd evaporated. Chrohatography
of the residue on a column'of silicic acid using hexane-ethyl
ether (l:2) afforded 152 mg (45%) of (124) as an oil. The
spectral data (1 r., n.m.r. d were identical with those of the

!

compound obtained from (a)

(4

Methyl 2-0-acetyl-2-~(28,3a~dihydroxy-2,3-di-0-tert-butyl-~

-

dimethylsilyl-48-acetoxymethyl—-furan—18-v1l) glvcolate (125)

14
s : g
_The compound (124) (126 mg) was acetylated with acetic

anﬁydride (1'ml) and pyridine (1.5 ml). The reaction mixture

s 6 - ~

was evapoprated to dryness in vacuo. The residue was dissolved
in chloroform, washed with dilute hydroghloric aCLd and water.

The organic phase was dried over sodium sulfate and evaporated.

v ’

N\o
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The residue was chromatographed on a column of silicic acid
using ethyl ether-hexane (1:2), giving 136 mg (91%) of (125)

as an oil which solidified on standing with m.p. 74-77°.

I.r. (KBr): 1755 (C=0), 1240, 1080 cm *.

N.m.r. (CDClB): § 0.13 (m, 1l2H, ZSi(CHB) 0.96 (s, 18H,

2

)

2C(CH 2.03 (s, 3H, COCH 2.10 (s, 3H,

3)3)l 3)1
'cocn3), 3.76 (s, 3H, OCH;), 3.90-4.33
(m, 6H), 4.70 and 4.86 (b.s, 0.5H each).

Mass (200°): m/e 519 (M+—CH3), 503 (M+-0CH3), 477 (M+-C(CH3)3).

Anal. Calcd. for C24H4609312: C, 53.93; H, 8.61.

Found: Q</54.12; H, 8.84.

Methyl 2-(28,3a~-dihydroxy-2,3-di-0-tert-butyldimethylsilyl-

48—-tert-butyldimethylsiloxymethyl-furan-18-yl) glycolate (126)

To a solution of ¥124) (106 mg, 0.24 mmole) in dimethyl-
formamide (5 ml) were added tert-butyldimethylsilyl chloride
(36 mg, 0.24 mmole) and inddazgle (40 mg, 0.6 mmole). The
mixture was stirred at room temperatufe for 21 hr. The solvent

was evaporated in vacuo and the residue was coevaporated several

times with ethyl acetate. The residue was dissolved in chloroform,

washed with water, drié@, and evaporated. The resulting syrup

was chromatographed on a cqlumn of neutral alumina using ethyl

ether-hexane (1:2), giving 125 mg (94%) of (126) as an oil.

el L e
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I.r. (CHCL,): 3500 (OH), 1730 em™ ! (c=0).

N.m.r. (CDCl,): & 0.10 (m, 18H, 3Si(CH;),), 0.92 (m, 27H, -
3C(CH4) 4), 2.96 (b.s, 1H), 3.30-3.90 (m, SH),
3.90-4.45 (m, 5H).

Anal. Calcd. for C26H5607S.L3 ¢, 55.32; H, 9.93.

Found: C, 55.59; H, 9.84.

Methyl 2-0-acetyl-2-(28,3a-dihydroxy-2,3-di-0-tert-butyl-

dimethylsilyl-48-tertebutvldimethvlsiloxymethyl-furan-18-yl)

glycolate (127)

The compound (126) (125 mg, 0.22 mmole) was acetylated
with acetic anhydride (1.5 ml) and pyridine (1.5 ml). After
usual work-up the crude product was chromatographed on a’
column of alumina using ethyl ether-hexane (1:1) to give 134 mg
(100%) of (127) as an oil which solidified on standing with
m.p. 68-72°,

I.r. (RBr): 1760 (C=0), 1080, 840 cm™r.
¥.m.r. (CDCly): § 0.05 (m, 18H, 3Si(CH,),), 0.87 (b.s, 27H,
3C(CH3)3), 2.06 (s, 3H, COCH3), 3.63 (m, 1H),
3.71 (s, 3H, OCHB), 3.85-4.33-(m, 5H), 4.70
_ (b.s, 1/2H), 4.85 (b.s, 1/2H).
Anal. Calcd. for C,gH . 0.Si,: C, 55.45; H, 9.55.

8773
Found: C' 55-167 H, 9032-
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Methyl 2-(28,3a-dihydroxy-2,3-di-0-tert-butyldimethylsilyl-483-

tert-butyldimethylsiloxymethyl-furan-1lg-yl) glyoxylate (128)
To a mixture of (126) (416 mg, 0.74 mmole) and rutheniumﬁ
dioxide dihydrate (20 mg) in carbon tetrachloride (40 ml)
was added a solution of sodium periodate (633 mg) in water
(40 ml) .- The pH of the mixture was controlled between 6 and
7 by the addition of 5% sodium bicarbonate solution. After
vigorously stirring at room temperature until a yellow color
persisted, a few drops of isopropyl alcohol was added to
terminate the reaction. Ruthenium dioxide was removed on
Celite and the organic phase was washed with water and brine,
dried over magnesium sulfate, and evaporated, giving 353 mg
of crude (128). The spectral data of the crude product were
given.

1 (C=0) .

I.r. (CHCl,): 1750, 1730 cm
N.m.r. (CDC13): § 0.13 (m, l8H, 3Si(CH3)2)p 0.86 (m, 27H,
3C(CH3)4), 3.76-4.00 (m, 5H), 4.13 (m, 1H),

4.33 (m, 1H), 4.53 (b.s, 1H), 5.60 (&, 1H,

‘ . J=4 Hz) . ° (\
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Methyl 2-(28-pivaloyloxy-3a-tert-putyldimethylsiloxy-48=-

hydroxymethyl-£furan~1l8-yl) glycorate (129)

To a solution of (120) (176 mg, 6.46 mmole) in methylene
chloride at -78° was bubbled ozone ﬁntii a blue color persisted.
Excess ozone was flushed with dry nitrogen and dimethyl sulfide
(0.5 ml) was added. The mixture was allowed ﬁo rise from -78°
to room temperature over a period of 5 hr. The solution was
_waéggg with brine, dried over magnesium sulfate, and evaporated.
A solution of the residue in dry tetrahydrofuran (10 ml) Qés
treated with lithium tri-tert-butoxyaluminum hydride (369 mg,
1.38 mmole) and the mixture was stirred for 4 hr at 0°. A
solution of ammonium sulfate (500 mg) in Qater (L ml) and
Celite (250 mg) were added to the reaction mixture at 0°. The
mixture was stirred for 30 min and filtered over Celite. The
J?esidue was washed with tetrahydrofuran. After evaporatioﬁ of
the solvent the residue was chromatographed on a silicg gel
plate using hexane-ethyl ether, giving 58 mg (30%) of (129)
as an oil.

1 (c=0).

I.r. (neat).: 3450 (OH), 1740 cm
N.m.r, (CDCly): & 0.15 (m, 6H, Si(CH4),), 0.96 (s, 9H, SiC(CH,4),),
1.30 (s, 9H, c(cn3)§), 2.96 (b.s, lH), 3.60-4.00

(m, 6H), 4.00-4.50 (m, 3H), 4.90-5.28 (m, 2H).
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Methyl 2-hcetoxy-2-(28-pivaloyloxy-3a-tert-butyldimethylsiloxy-

4g~acetoxymethyl-furan-18-vyl) glycolgte (130)
(7%

The diol (129) (58 mg, 0.12 mmole) was treateéﬁwifh acetic
anhydride (0.5 ml) and pyridine (1 ml). The reaction mixture
was stirred overnight at room temperature and evaparated to
dryness. The residue was dissolved in chloroform, washed with
0.1N hydrochloric acid and water, dried over sodium sulfate.
The solvent was evaporated and the residue was chromatographed
on a column of silicic acid using ethyl ether-~hexane (l:l)'
as eluent, giving 68 mg (98%) of (130) as an oil.

L (c=0).

I.r. (CHCl,): 1745 cm-
N.m.r. (COCl3): & 0.13 (m, 6H, Si(CHj),), 0.92 (s, 9H, SiC(CH3)3),
1.23 (s, 98, C(CH;) ), 2.06 (s, 6H, 2COCH,),
3.76 (s, 3H, OCH,), 3.94-4.16 (m, 4H), 4.03-
4.68 (m, 1H), 4.93-5.15 (m, 2H).
Anal. Calcd. for C23H4oclosi: C, 54.76; H, 7.93.

Found: C, 54.55; H, 7.83.

P L. VAL VT SN

BT E PO Y, (T LA

SR e N

O PESRN WL I VT TR

T AN S W TN 1 g5 |
D



i

"
q
Tanrm,

C

121

G-Endo-hydroxy—3-exo-nitro—5-exo-methoxymethloxy—7-oxabic9clo

[2.2.1] heptane-2-endo-carboxylic acid y-lactone (131)

/

To a stirred solution of (97) (1.33 g, 6.6 mmole) and
methylal (5 ml) .in tetrahyd£ofuran (30 ml) was added phosphorus
pentoxide (about 5 g). After stirring for 1.5 hr at room
temperature the mixture was filtered and the residue was
washed with tetrahydrofuran. The filtrate was combined and
evaporated to dryneés. The reéidue was dissolved in ethyl
acetate and washed with 5% sodium bicarbonate solution,
water, and brine. Evaporation of the dried organic phase gave
1.53 g (93%) of (131) as an analitically pure soild with <
m.p. 154-155°, |

I.r. (KBr): 1800 (lactone C=0), 1560 gm '

(0,) .

N.m.r. (CDj),CO): § 3.06 (s, 3, OCH,), 3.36 (4, 1H, J=5 Hz,
CHOCO), 3.86 (s, 1H, CH,OCH), 4.40 (d, 1,
J=5 Hz), 4.43 (s, 2H, OCH,0), 5.23 (s, 2H),
5.50 (t, lH, J=5 Hz, OCHCHCO).

Mass (150°): m/e 245 (M'), 199 (M*-no,).

Anal. Calcd. for CnglNo;: C, 44.08; H, 4.52; N, 5.71.

Found: C, 44.22; H, 4.75; N, 5.54.
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5«Carbomethoxy=-3-endo-hydroxy-2-exo-methoxymethyloxy=-7-oxabicyclo
[2.2.1] hept-5-ene (132) a

fir

To a refluxing solution of DBU (818 mg, 5.38 mmole) in
40 ml of methanol-methylene chloride (l:l; was added dropwise
a solution of (131) (1.32 g, 5.38 mmole) in methylene chloride
(20 ml). The mixture was refluxed for an additional 30 min.
After evaporation of the solvents the residue was dissolved
in ethyl acetate, washed with 6.1N hydrochloric acid three times
and water, dried over sodium sulfate and evaporated. The

residue was chromatographed on a column of neutral alumina

uiing ethyl ether, giving 840 mg (67.8%) of (132) as an oil.

P

1

I.r. (CHCl,): 3500 (OH), 1730 (C=0), 1625 em © (C=C).

 N..r. (CDCl;): 6 3.36 (s, 3H, CH,OCH), 3.37 (s, 3H, CH,0CHs), *

3.40-3.60 (b.s, 2H), 4.16 (d, 1lH, J=4 HZ), -

»
4.67 (s, 2H, OCH,0), 4.90 (m, 2H), 7.01 (&,

x

1H, J=2 Hz, C=CH).

6
Found: C, 52.08; H, 6.28,

‘The same compound (132) was obtained by treatment of (131)

4

with triethylamine in refluxing methanol for 8 hr.
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S—Carbomethoxy-z-exo-3—endo—di—methoxymethyloxy—?-oxabicyclo

\

(2.2.1] hqpt-S-ene (133)

To a.stirred solution of (132) (1.3 g, 5.6 mmole) in
chloroform (50 ml) were added methylal (10 ml) and
approximately 5 geof phosphorus pentoxide. The mixture was
stirred at room temperature for 2 hr and pouréé into 5%
sodium bicarbonate solution. The ofganic layer was washed wiéh
watér, dried over sodium suifate, and evaporated to dryness.
The residue)was chromatographeg on a column of gilicic acid

using chloroform, giving 1.3 g {84%) of (133) as a homogeneous

syrup.

I.r. (CHCl4): 1730 :(Ce0), 1625 e (cme)
N.m.xr. (CDCl,): 6 3.36 (s, 3H, CH,OCH,), 3.42 (s, 3H, CH,0CH,),

3.66 (s, 1H), 3.76 (s, 3H, OCHj), 4.20 (4, 1H,
J=4 Hz[*, 4.66 (q, 2H, OCH,O, J=3 Hz), 4.76 (s,
2H, OCH,0), 4.99 (d, lH, J=2 Hz, C=CHCH), 5.12.

» (d' lg, J=4 HZ, CH’C-C'H_) ! 7-15; (dl lH' 332 HZ,
C=CH) . |

Mass (110°): m/e 259 (M*-CH;), 243 (M'-0CH;), 213 (M"-CH,0CH,0),

# 148,

-

Anal Calcd. for 012H18°7‘ Cc, 52.55; H, 6 62.

i ]
- Pound: C, 52.38; H, 6,53.

Y
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Methyl 2+ (28;3a-dihydroxy-2,3-di-0-methoxymethyl-48-hydroxymethyl-

furan-18-vl) glycolate (134) AN

o

To a solution of (133) (327 mg, 1.19 mmole) in methylene
chloride at -78° was bubbled ozone until a faintly blue‘color
was observed. Excess ozone was flushed with dry nitéogen
while the system was kept at -78° and dimethyl §ulfide (0.5 ml)
was added. The mixture was allowed to rise to room temperature
over ; period of 5 hr. The solution was then washed with brine
three times, dried over magnesium sulfate and evaporated.

To a\pre-cooled solution of the residue in freshly distilled
tetrahydrofuran (50 ml) at 0° was added lithium tri¥§ert-
butoxyaluminﬁm hydride (1.22 g, 4.8 mmole). The resulting

clear solution was then allowed to warm to room temperature

‘and stirred over ight under.dry nitrogen. After the usual

work-up (see the preparation of (124)), the crude product
was purified by chromatography on a column of silicic acid

using chloroform, giving 222 mg (60%) of (134) as an oil.

S~
o

j)t 3500 (OH), 1745 cm ™

N.m.x. (CDCly): § 3.33 (s, 3H, CH

I.xr. (CHCl (C=0) .

OCH,), 3.36 (s, 3H, CH,OCH,),

2
3067-3-96 (m' GH) ? 4-06-4.56 (m' SH) ’

4.56-4083 (m' SH) .

2

Anal. Calcd. for clznzzogz C, 46.45; H, 7.15.
Found: C, 46.28; H, 7.28.

B P R
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Methyl 2-acetoxy=2-(28,3a-dihydroxy~2,3-di-0-~methoxymethyl-

4B-acetoxymethyl-furan-lg-yl) glycolate (135)

The compound (134) (73 mg) was acetylated using acetic
anhydride (1 ml) and pyridine (1" ml) with stirring overnight
at room temperature. After evaporation to dryness chromatography
of the residue on a column of silicic acid using ethyl ether-
hexane (l1:1) gave 84 mg (92%) of (135) as an oil.

I.r. (neat): 1745, 1755 cm T

(C=0) . ‘

N.m.r. (CDCly): & 2.00 (s, 3H, COCH,), 2.03(s, 3#, COCH;), 3.21
(s, 3H, CH,OCH;), 3.24 (s, 3H, CH,OCH,),

3.68 (s, 3H, OCH;), 3.90-4.13(m, SH), 4.13-4.30

(m, 1H), 4.46 (m, 2H, OCH,0), 4.50 (s, 2H,

OCH,0) , 4.86 (s, 0.5H), 5.0 (s, 0.SH).

-CH

Mass (110°): m/e 363 (M+-OCH3), 317, 289 (MT-cocH OCH,0H) .

3 3

. Anal. Calcd. for C16H262113 Cf 48.73; H, 6.60:

Found: C, 48.63; H, 6.88.

Methyl 2~(28,3a-dihydroxy=-2,3-di-0-methoxymethyl-48-tert-

butyldimethylsiloxymethyl-furan-1g-yl) glycolaté (136).

c

A mixture of (134) (169 mg, 0.54 mmole), tert-butyl-

} dimetﬁylsilyl chloride (82 mg, 0.54 mmole) and imidazole

(92 mg, 1.35 mmole) in dimethylformamide (5 ml) was .stixfed

7y
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at room temperature for 18 hr. After evaporation to dryness

the residue was dissolved in chloroform and washed three
times with water, dried, and evaporated, leaving a sytup.
The latter was chromatographed on a column of silicic acid
using ethyl ether-hexane (2:1), giving 197‘mg (85%) of (136)

as an oil.’

“

1

I.r. (CHCl,): 3500 (OH), 1745 cm ~ (C=0).

N.m.r. (CDC13): § 0.10 (s, 6H, Si(CHé)z), 0.96 (s, SH, C(CH3)3),

3.32 (s, 3H, CH)OCH;), 3.36 (s, 3H, CH,OCH,
“3.48 (m, 1H), 3.60-4.00 (m, 6H), 4.08-4.43
(m, 4H), 4.62 (b.s, 4H). ’
Anal. éalcd. for C,,H,-0,8i: C, 50.94; H, 8.9;.

1873679
Found: C, 50-68; H' 8-37- .

Methyl 2-(28,3a-dihvdroxy-2,3-di-0-methoxymethyl-48-tert-

-

§
:
g
i
i
3
|
:
B

butylaimethylsilogymethyl-furan-lB-fl)bg;yoxylate (137)

To 4Vsolution of (136) (424 mg, 1L mmole) in carbon

emda v d . e

tetrachloride (40 ml) were added ruthenium dioxide dihydrate .

RPN

(20 mg) and a solution of sodium periodate (856 mg, 4 mmole)

in water (40 ml). The pH of ‘the reaction mixture was controlled.

Ppee——

between 6 and 7 by the addition of a 5% sodium bicarbonate *~
solution. After 6 hr of stirring at room temperatﬁre until

a yellow color persisted, the reaction was terminated by

adding a few drops of isopropyl alcohol. After collection o
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<J) of the black precipitated solid (Ruoz) on Celite, the organic
. phase was then washed with watexr and brine, dried over magrresium
- sulfate, and evaporated,ufeaV1ng 359 mg,of thg crude (137).
Attempted purification by chromatography on silicic acid led
to partial decomposition and accordingly the material was
| _ used directly in the next step. The spectral data of the crude
product were given. ' )

~1

I.r. (neat): 1760, 1735 cm (C=O)

N.m.r. (CDClB): § 0.08 (s, 6H, Si(CHB)Q)’ 0.86 (s, 9H,.

C(cH 3.13 (s, 3H, CH,OCH,), 3.25

33 2
(S’ 3H, CHZOCEB) ’ 3-36"3- 58 (m, ZH) ¢ 3072

(s, 38, 0cH,), 3.76 (m, 18), 4.13 (b.s, 1),
4.30 (m, 1H), 4.40-4.70 (m, 4H), 5.06
(dr IH; J=5 HZ).

¢ - b -
Methyl 2-(28,Ba—dihydroxy-z,3—di~0-methoxymethyl—4B-terte

butyldimethylsiloxymethyl—-furan-18-yl) glyoxylate semicarbazone,

2

A - ~

(138)

‘A solution of the crude keto ester- (137) (105 mg,
0.25 mmole), semicarbazide hydrochloride (34 mg, 0.3 mmole) ,
and sodium acetate (27 mg, 0.32 mmole) in ﬁethanol-w§tex'um
(4;1) (10 m1) was stirred overnight at room ga&pérature.

] . . .
(fa Methanol was then evaporated and the residue was partitioned-
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. residue was purified by chromatography on a\,silica gel plate

between ethyl acetate and water. The organic phase was washed

with water, dried over sodium sulfate, and evaporated. The

using chloroform-ethyl acetate (1:1), giving 72 mg (66%) of

(138) as an oil.

I.r. (CHCl,;): 3570, 3450, 3350 (NH, NH,), 1725 (C=0), 1625

(CONH,) , 1590 em™* (CaN). - L
EtOH, | . "
U.v. Ogoof): 278 nm. ‘ \
N.m.r. (coc1§3= § 0.10 (d, 6, Si(CH,),), 0.88 (s, 9H, C(CH,),},
3.15 (d, 3H, CH,0CH,), 3.30 (s, 3H, CH,OCH, \

3.60-3.85 (m, 6H), 4.04 (b.s, 1H), 4.20-4.70

(m, SH), 5.00 (dd, 1H, J=4 Hz), 5.20~5.90 .

(m, 2H), 9.63 (b.s, 1/2H), 10.53 (b.s, .L/2H).
Mass (120°): m/e 479 (M'), 464 (M*-CH,), 448" (M -oCH,),

437 (MT-NH=C=0), 422 M*-c(cH

3)4) . 335, 131,

129, 117, 89, 75, 73, 45.
Anal. Caled. for CgH,.N;0.Si: C, 47.60; %, 7.72; N, 8.77.
Found: C, 47:91; H, 7.78; N, 8.52. ‘
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3,4-Di~-0-methoxymethyl-2,5-anhydro-D,L-glucose (144)

To a solution of (133) (230 mg, 0.84 mmole) in methylene
chloride was bubbled ozone until a faintly blue color was '
observed. Excess 0zone was flushed with dry nitrogen and
evaporatien of solvent left a white foam. The resulting ozonide
in isopropanol was treated with sodium borohydride‘(soo nmg)
at 0° and then refluxed for 4 hr. The solution was then cooled
in an ice-bath and stirred with 50% aqueous acetic acid (10 ml)
for 30 min and evaporated in vacuo. The residue was coevaporated
with ethanol and dissolved in water and stirred with sodium
periodate (300 mg) for 1 hr at room temperature. The resulting
precipitate was removed by filtration on cotton and the ,

J
filtrate extracted with chloxoform three times. The organic

phasexyas dried bver magnesium sulfate. Evaporation of.the
solvent gave 77 mg (37%) of (144) as a colorless syrup.
I.r. (CHCL;): 3500, 3420 (OH), 2840, 2800 cm™l. .
N.m.r. (CDCl3): § 3.36 (b.s, 6H, 20CH3), 3.56 (b.s, 1RH), t
\ 3.90 (m, 1H), 3.93-4.27 (m, 3H), 4.36 (m, 2H), -
4.27 (m, 4H), 4.98 (b.s, 1lH).
Anal. Calcd for C1031807= C, 47.99; H, 7.25.

Found: C, 47.65; H, 7.5l.

Ll

R ——— e




T

130

Ethyl trans-3-(28,3a-dihydroxy-2,31-di-0-methoxymethyl-48-

hydroxymethyl-furan-18-yl) acrylate (149)

To a solution of (144) (144 mg, O.§8 mmole) in methyleﬁ;
chloride (10 ml) was added carboethoxymethylenetriphenylphosphof&ne
(242 mg, 0.69 mmole). After 4 hr og stirring at room temperature,
the solvent was evaporated -afd the residue was partitioned
between chlorokorm and water. The organic phase was dried
over sodium sulfate and evaporated. The residue was chromatographed

on a column of neutral alumina using chloroform, giving 143 mg

(79%) of (l49) as a chromatographically homogeneous syrup.

1

I.r. (CHCl,): 3500 (OH), 1730 (C=0), 1680 cm - (C=C).

N.m.r. (CDC13): ¢ 1.23 (t, 3H, J=7 Hz, CH,CH 2.23 (t, 1w,

2CH3)
J=6 Hz, OH), 3.26 (s, 3H, OCH;), 3.30 (s, 3H,
OCH,), 3.53-4.30 (m, 8H), 4.52 (d, 2H, J=2 Hz|,

/ 4.60 (s, 2H), 5.98 (dd, lH, J=14 Hz, J=2 Hz), -
6.85 (dd, 1H, J=14 Hz, J=4 Hz).

Mass (120°): m/e 320 (MT), 289 (M+-OCH3), 243, 230'(M+-2CH3OCH2).

1452498

Found: C, 52.48; H, 7.62.

Anal. Calcd. for C : C, 52.49; H, 7.55.

i
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Ethyl trans-3-(28,3a-dihydroxy-2,3-di-0-methoxymethyl-48—

.acetoxymethyl-furan-18-yl) acrylate (150)

3

The compound (149) (40 mg, 0.13 mmole) was acetylated
using acetic anhydride (1 ml) and pyridine (2 ml). Evaporation
to dryness and purification by chrqmatcgraphy on a column of
neutral alumina using chloroform gave 40 mg (89%) of (150)
as a colorless oil.

1 (c=c).

I.r. (CHCl,): 1750, 1730 (C=0), 1680 cm”

N.m.r. (CDCl,): & 1.27 (t, 3H, J=6 Hz, CH,CH;), 2.06 (s, 3H,
COCH3), 3.28 (s, 3H, OCH3), 3.33 (s, 3H, OCH3),
3.90-4.30 (m, 8H)., 4.46-4.70 (m, 4H), 6.02
(dd, 1H, J=14 Hz, J=2 Hz), 6.88 (dd, lH, J=14 Hz,
J=4 Hz).

Mass (120°): m/e 362 (M'), 331 (M"-ocH,), 317 (M'-2CH,0),

272 (Mt-2cH OCH,) .

: 3
Anal. Calcd. for Ci6H2¢09: Co 53.03; H, 7.23.

\

Found: C, 53.10; H, 7.32.
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( N-Methyl 2-(28,3a~dihydroxy-2,3-di-0-methoxymethyl—48-

hydroxymethyl-furan-18-yl) thiazolidine (151) and its

acetate (152)

To a solution of (144) (77 mg, 0.31 mmole) in dry benzene
(15 ml) was added N-methylthioethanolamine (31 mg, 0.34 mmole).
The reaction mixture was stirred overnight at room temperature.
After evaporation of the solvent the crude product (151) was
directly acetylated with acetic anhydride and pyridine. The
crude product was purified by chromatography on a column of
alumina using chloroform to-give 86 mg (77%) of (152) as a
colorless oil.

1 (c=0).

I.r. (CHCl,): 2870, 2830 (N-CH,), 1755 cm
N.m.r. (CDCl,): § 2.03 (s, 3H, COCH,), 2.30 and 2.40 (s+s,

total 3H), 2.60-3.26 (m, 4H, CH,CH,), 3.30

(s, 3#, OCHj), 3.40 (s, 3H, OCH,), 3.90-4.23

(m, 6H), 4.37-4.53 (m, 1H), 4.57-4.76 (m, 4H).
Mass (120°): m/e 365 (M'), 333 (M'-CH,0H), 318 (M"-CH,SH), 102.
Anal. Calcd. for C15H27NO7S: C, 49.32; H, 7.40; N, 3.84;

s, 8.77.

Found: C, 49.53; H, 7.60; N, 4.08; S, 8.53.

O
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Chapter III

2= (28, 3a-Dihydroxy=2,3~-di-0-methoxymethyl—-4f-tert-butyl-

dimethylsiloxymethyl-furan-18-yl) maleimide (156)

A solution of carbamoylmethylenetriphenylphosphorane
(351 mg, 1.07 mmole) and the°'crude keto ester (137) (450 mg,
1.07 mmole) in dry chloroform (20 ml) was stirred at room
temperature for 2 hr. The solvent was then evaporated and
the residue was purified by chromatoéraphy on silica gel
plates using ethyl ether-hexane (l:1), giving 216 (47%) of

(156) as an oil.

I.r. (CHCl3): 3460, 3250 (OH, NH), 1790, 1740, 1705 (C=0),

1655 cm™t

(c=C) .
N.m.r. (CDCl): § 0.10 (s, 6H, Si(CH4),), 0.82 (s, 9H, C(CH,),),

3.20 (a4, 3H, J=4 Hz, OCH;), 3.26 (s, 3H, OCH,),

3.53-4.10 (m, 3H), 4.13-4.26 (m, 1H), 4.36

(s, 24, OCH)0), 4.48 (s, 2H, OCH,0), 4.72

. (m, 1H), 5.10 (m, 1H), 6.39 (m, 1H, C=CH),

8.08 (b.s, lH, NH).
Mass (120°): m/e 431 (M'), 400 (M'-OCH,), 37{\39?-¢(ca3>3), 328.

Anal. Calcd. for C NOQSi:'C, 52.90; H, 7.66; N, 1l.62.

}9“33
Found: C, 52.68; H, 7.76; N, 1.49.

e Ay o ot




o g

(-

v.v.

134
L 4

2~ (28, 3a~Dihydroxy—-48-hydroxymethyl-furan-18-yl) maleimide 6154)

A solution of (156) (212 mg, 0.5 mmole) in a mixture of
trifluoroacetic°acid-wéter-tetrahydrofuran (4:1:1) (12 ml)
was stirred at room temperature for 4 hr. After evaporation
to dryness in vacuo the residue was chromatographed on a
silica gel plate using ethyl acetate (Rf?O:ES). Crystallization
from acetone~hexane gave 68 mg (60%) of (154) with m.p.

170-171°.

I.r. (KBr): 3470, 3280, 3110, 3070, 2710 (NH,OH,CH),

1775, 1735, 1720, 1700 (C=0), 1625 cm } (C=C).

EtOH, |
(Amax ) ¢

Mass {170°): m/e 229 (MT), 211 (M+-H20), 180, 140

222 nm (log €t 4.36).

(M"-HOCHCH,B) , 127 (B+31), 126 (B+30), 110, 87,
85, 69, 57, 55,.45, 44, 43, 32, 31, 28
(B is maleimide). |
Anal. Calcd.‘for CSHllNOG: C, 47.16; H, 4.80; N, 6.15.
Found: C, 47.05; H, 4.75; N, 6.08.

-

i

kil

sl Sl St ol S

B P TL gl

S RN R T N e B

e




Q

\ ) 135

Preparation of the hydrézone (163) from methyl pyruvate

A mixture of methyl pyruvate (879 mg, 8.61 mmole),
ethyl hydrazinoacetate hydrochloride (1.60 g, 10.3 mmole)
and sodium acetate (917 mg, 1l.2 mmole) in methanol-water
(6:1) (35 ml) was stirred overnight at room teﬁperature.
Methanol was evaporated and the residue was partitioned
between ethyl acetate and water. The dried organic phase
was evaporated, leaving a solid residue. Recrystallization ‘

from carbon tetrachloride-petroleum ether (30~-60°) gave

1.66 g (95%) of (163) with m.p. 59-60°. >

[

1

I.r. (CHC13):~3360 (NH), 1750, 1725 (C=0), 1590 cm ~ (C=N).

N.m.r. (CDCl3): d 1.21 (t, 3H, J=6 Hz, CH Cga), 1.93 (s, 3H,

2
‘CH3), 3.66 (s, 3H, OCH3), 3.90-4.30 (m, 4H),

5.96 (m, 1H, NH). -

' EtOH, | : \
U.v. (Amax }: 275 nm (log € 4.04).

Mass (70°): m/e 202 (M), 171 (M+—OCB3), 129, 97.

Anal. Calcd. for CBH : C, 47.52; H, 6.98; N, 13.86.

14¥2%
Found: C, 47.57; H, 7.29; N, 13.89,

~ ' ' . 1
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3(5) -Carbomethoxy~4~-hydroxy=-5(3) -methyl pyrazole (164)

A mixture of (163) (577 mg, 2.86 mmole) and methanolic
sodium met%oxide (10 ml1 of 0.2N) was refluxed for 4 hr.
After evaporation of methanol the residue was dissolved
in water and acidified with dilute hydrochloric acid to
pH 3 and)extracted with ethyl acetate three times. The
dried ofgaqic phase was evaporated, leaving a solid residue.
Recrystallization from acetoné-hexane gave 149 mg (33%) of

(164) with m.p. ~141-143°,

I.r. (XBr): 3420, 3200-2500 (NH and OH), 1720 (C=Q),

1590 (C=N), 4445, 1480 cm .

N.m.r.‘(pyridine-ds): § 2.33 (s, 3H, CH3), 3.61 (s, 3H, OCH3),

’ " 8.23 (s, 2H, OH and NH). ’

? U.v. (AEtOH)

; max ) ° 227 (log € 3.74) and 276 nm (log ¢ 3.67) in

0.1N HCI1.
239 (log ¢ 3.79) and 319 nm (log ¢ 3.80) in

L

" 0.1N NaOH.
3 Mass (150°): m/e 156 (M'), 124 (M -CH,OH), 156, 124.

23
! ” Found: C, 45.93; H, 5.30; N, 18.15.

o . Anal. Caled. for CgHgN,0,: C, 46.15; H, 5.16; N, 17.94.

[l
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Preparation of the hydrazone (165,166) from (137)

To'a solution of the keto ester (137) (157 mg, 0.37 mmole)
in methanol-water (6:1) (14 ml) were added ethyl hydrazinoacetate
hydrochloride (86 mg, 0.56 mmole) and sodium acetate (49 mg,

0.59 mmole). The -reaction mixture was stirred overnight at
faom temperature. Most of methanol was evaporated and the
residue was partitioned between chloroform and water. The
organic phase was washed with water, dried over sodium sulfate
and then evaporated to dryness in vacuo. The residue was
purified by chromatography on silica gel plates using ethyl

ether, giving 172 mg (38%) of the geometric isomers of the

hydrazone (165,166) as an oil.

N

L (can).

I.r. (CHCl,): 3350 (NH), 1760, 1710 (C=0), 1590 cm

N.m.r. (CDCly): § 0.10 (s, 6H, Si(CHy),), 0.90 (s, 9H, C(CH,),),
1.27 (t, 34, J=7 Hz, CH,CH;), 3.23-3:60

e (m, 6H, 2CH,OCH;), 3.68-4.00 (m, 6H), 4.00-4.69

(m, SH), 4.70-5.00 (m, 5H), 5.90 (m, 1H), 9.15
(m, 0.5H, NH), 9.50 (m, 0.5H, NH). |

u.v. (kﬁggﬂ): 287 nm.

Mass (160°): m/e 522 (M'), 507 (M"-CH;), 491 (u*-ocH,), 465

f M*-c(cHj) ,), 433.

Anal. Calecd. for C22H42N20105i: c, 50T57’ H, 8.05; N, 5.36.

Found: C, 50.52; H, 7.85; N, 5.28.
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A

3(5)-(28,3a~=Dihydroxy=2,3~-di~-0-methoxymethyl-48-tert-butyl=-

dimethylsiloxymethylbfuran—lB-yl)-5(3)-carbomethoxy-4—

hydroxypyrazole (167)

Ta a solution of the geoﬁetric igsomers of the hydrazone
(165,i66) (117 mg, 0.22 mmole) in dry methanol (5 ml)‘was
added 0.2N methanolic sodium methoxide (2 ml, 0.4 mmole). The
reaction mixture was refluxed for 2 hr and then evaporated
under reduced pressure. The residue was dissolved in water
(5 ml) and acidified with 0.1N hydrochloric ?cid and extracted
with etﬂyl acetate. The organic phafe was dried over sodium
sulfate and evaporated to dryness. The residue was chromatographed
on a silica gel plate using ethyl ether as eluent. The compound
(5 mg) with R.=0.5 showed the characteristic u.v. absorption
of thé 4-hydroxz§yrazc;e (167) .

EtOH,

U.v. (Amax ): 228 and 278 nm in 0.1N HCL.

235 and 323 nm in 0.1N NaOH.

Preparation of the hydrazone (168,169) from(l28)

|

To a solution of the keto ester (128) (353 mg, 0.63 mmole)

in methanol-water (15:2) (17 ml) were add%d ethyl hydrazino-
acetate hydrochloride (123 mg, 0.8 qpole) and sodium acetate
(74 »g, 0.9 mmole). The reaction mixture #as stirred overnight

at room temperature and evaporated to remove most of methanol.

v
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The residue was partitioned between chloroform and water.

The organic phase was dried over sodium sulfate and evaporated.
Purification of the crude product on silica gel plates using
chloroform-ethyl acetate (5:3) gave 299 mg (72%) of the

hydrazone (168,169) as an oil.

I.r. (CHClB): 3400, 3250 (NH), 1740, 1690 (C=0), 1550 cm-l (C=N) .

N.m.r. (CDC13): 6 0.05-0.30 (m, 18H, 3Si(CH , 0.87-1.10

3)2)
(m, 27H, 3C(CH;);), 1.33 (t, 3H, J=7 Hz, CH,CH,),
3.75 (s, 3H, OCH,), 3.76-4.50 (m, 9H), 5.10

(m, 1/3H), 5.33 (m, 2/3H), 9.30 (m, 1/3H, NH),

10.36 (t, 2/3H, NH).

EtOH
nax

Mass (120°): m/e 663 (M), 648 (M+-CH3), 632 (M+-OCH3), 618

Uov. (A ): 287 nm (log € 3.80).

(M+-OCH2CH3), 606 (M+-C(CH3)3), 505, 473, 301.
Anal. Calcd. for CqoHg,N,0gSi,: C, 54.34; H, 9.42; N, 4.22.

Found: C, 54.41; H, 9.29; N, 4.07.

3(5) - (28,3a-Dihydroxy-2,3-di-0-tert-butyldimethylsilyl-48-

tert-butyvldimethylsiloxymethyl-furan-18-vl) -5 (3)-carbomethoxv=-

4-hydroxypyrazole (170)

To a solution of a mixture of the isomeric hydrazone
(168,169) (421 mg, 0.64 mmole) in dry methanol (10 ml) was
added methanoclic sodium methoxide (2 ml of 0.2M). The solution
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was refluxed for 4-5. hr and evaporated to dryness. The yesidue

was taken up in 10 ml of water, acidified with 0.1N hydrochloric

acid and then immediately extracted with ethyl ?cetate three
times. The organic phase was‘dried over sodium sulfate and
evaporated to dryness. The residue was chromatographed on
silica gel plates using ethyl ether, giving 84 mg (20%) of

(170) as an oil.:

I.x. (CHC13): 3420 (OH), 1725 (C=0), 1690 (C=0), 1610 (C=N),

1460 cm™.

N.m.r. (CDCly) s § 0.10-0.20 (m, 18H,'35i(ca3)2), 0.73-0.90

(m, 27H, 3C(CH.).), 3.56-4.50 (m, 8H), 5.10

3)3
(@, 1H, J=2.5 Hz). |
EtOH
U.v. (Amax ): 230 (log ¢ 3.72) and 275 nm (log ¢ 3.58) in
0.1N HC1l.
243 (log ¢ 3.58) and 320 nm (log ¢ 3.75) in
0.1N NaOH.
Mass (160°): m/e 601 (M*—ca3f, 585 (M+-OCH3),.559 (M*—C(ca3)3),
527 (M+-CH3OH-C(CH3)3), 427, 355, 299, 261.
Anal. Calecd. for c28H56N207Si3: C, 54.55; H, 9.09; N, 4.54.

Found: C, 54.37; H, 9.18; N, 4.43 .
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(_) 3(5)-(28,3a-Diﬁer§y-2;3-di—O-tert-butyldimethxlsilyl-4B-

tert-butyldimethylsiloxymethyl-furan-18-yl) -5 (3) -carboxamide-

4-hydroxypyrazole (171)
-

v

///

A solution of (170) (154 mg, 0.25 mmole) in saturated
methanolic ammonia (10 ml) was stored at roo? temperature

for 7 days. Evaporation of the solvent and ciromatography

of the residue on a silica gel plate using chloroform afforded

120 mg (80%) of (171) as a foam.

I.r. (CHCl3): 3480, 3380, 3200 (OH, NH), 1680, 1620 (C=0),

1590 em” L.

v.ov. OEEOH): 227 (log ¢ 3.75) and 270 nm (log € 3.64)

in 0.1N HCl. .
235 (log € 3.67) and 310 hmgklog € 3.83)

°

‘F ' in 0.1N NaOH.
Mass (200°): m/e 545 (M+-C(CH3)3), 489, 478, 462, 388.

Anal. Calcd. for C,.H éi3: C, 53.82; H, 9.14; N, 6.98.

278558306
Found: C, 53.93; H, 8.98; N, 7.12.

'
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L

3(5) -(28,3a-Dihydroxy-4B=-hydroxymethyl-furan~18-yl) -5 (3) -

‘carboxamide-4-hydroxypyrazole (162)

A golution of (171) (102 mg, 0.17 mmole) in S50% aqueous
trifluorocacetic acid (5 ml) was stirred‘at room temperature
fog 30 min. The reaction mixture was evaporated to dryness
in vacuo, leaving a yellow solid. Recrystallization from

acetone-benzene gave 30 mg (72%) of (162) with m.p. 195-196°,

I.r. (KBr)}: 3540, 3000-3400 (OH and NH), 1650, 1615 (C=0),

1570, 1545, 1480, 1080 cm L.

EtOH), 228 (log e 3.86) and 269 nm (log e 3.71) in

U.v. (Xmax

-

Q

0.1N HCL.

232 (log € 3.72) and 312 nm (log € 3.89) in
: 0.1N NaOH. '
Mass (200°): m/e 259 (M+),'242 (M+-NH3), 241 (M+-HZO), 224

° + ’ R + > ¢

(M -HZO—NH3), 223 (M —2H20), 211 (M -NH3-0CH3):
170 (BCH=CHOH), 156 (b+30), 140 (BCHZ), 139,
124, 123, fO, 56, 54,45, 44, 43, 42,41 (B is
the heterocyclic base).

Found: C, 41.71; H, 5.37; N, 15.92.
, ®
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A nmixture of 2~endo éarbomethoxyg5-exo-hydroxy-32;:>Lnitro-

7-oxabicycld‘[2.2.l] heptane (173) and 2-endo~-carbomethoxy-

6-exo-hydroxy-3-exo-nitro-7-oxabicyclo [2.2.1l] heptane (174)

To a solution of (90) (654 mé, 3.3 mmole) in dry

tetrahydrofuran (10 ml) was added 2 ml of 1M diborane (2 mmole)

and the reaction mixture was stirred at 0° for 2.5 hr under

nitrogen. Following evaporation to dryness in vacuo, a
solution of the residue and triethylamine N-oxide dihydrate

¢ (368 mg, 3.3 mmole) in tetrahydrofuran (15 ml) was heated

under reflux for 2.5 hr, The solvent was evaporated and the

residue was dissolved in ethyl acetate, waghed with 0.1N
hydrochloric acid, water, and brine. The organic phase was
dried over sodium sulfate and evaporated. The residue was
chromatographed on a columA of silicic acid using chlorofornm,
giving 300 mg (42%) of the iéomeric mixture of the alcohols

(173, 174) as an oil. | -rj{

I.r. (CHCY)): 3620, 3450 (OH), 1755 (C=0), 1570 cm™* (NO,).
N.m.r. (CDC1,): & 1.46-2.33 (m, 2H), 2.83. (m, 1H), 3.66-4.16
., (m, SH), 4.63-5.30 (m, 3H)."
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A mixture of 5-exo—acetoxy-i-endo—carbomethoxz-3-exo-nitro-7-

oxabicyclo [2.2.1] heptane (175) and 6-exo-acetoxy-2-endo-

carbomethoxy-3-exo-nitro-7-oxahicyclo [2.2.1] heptane (176)

Treatment of a mixture of the isomeric alcohols (173,
174) (218 mg, 1.1 mmole) with acetic anhydride (2 ml) and
one equivalent of p-toluenesulfonic acid monohydrate, under
conditions identical to those describeé for the preparation
of (181,182), gave 194 mg (75%) of the isomeric mixture of
the acetates (175,176) as an oil.

I.r. (CHCl,): 1740 (C=0), 1560 —

(NOZ).
N.m.r. (€DCly): 6 1.70-2.33 (m, SH), 3.703.96 (m, 48),
4.55-5.23 (m, 4H). }
Mass (120°): m/e 260 (M +1), 228 (M*-oca3); 213 (M+-Noé),
169, 43. |
Anal. Calecd. for C10H13N07: C, 46.33; H, 5.06; N, 5.40.
Found: C, 46.36; H; 5.20; N, 5.35.

A mixture of 2-exo-acetoxy-S-carbomethoxy-7-oxabicyclo {2.2.1]

hept-5-ene (177) and 3—exo-acetoxy—5-carbomethoxy-7»oxqe}cyclo

[2.2,.1] hept-5-ene (178) -

A solution of the isomeric mixture of the acetates

(175,176) (260 mg, 1 mmole) and DBU (161 mg, 1.1 mmole) in

4 W
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methylene chloride (20 ml) was heated under reflux for 1.5 hr.
The mixture was diluted with methylene chloride, washed with
0.1N hydrochloric acid and water, dried over sodium sulfate
and evaporated. The residue was chromatographed on a column
of silicic acid using chloroform-hexane (3:1), giving 174 mg
(82%) of the isomeric mixture of the olefin ester (177,178)

”

as an oil.

L (c=0).

I.r. (CHClj): 1725, 1710 (C=0), 1610 cm
N.m.r. (CDCl,): § 1.70-2.20 (s+m, 5H, COCH; and CH,), 3.70
(s, 3H, OCHj), 4.76 (m, 1H), 4.90-5.20 (m, 2H),
6.92(d, 1/2H, J=2 Hz), 7.03 @, 1/2H, J=2 Hz).
Mass (120°): m/e 212 ("), 197 (M'-CH,), 181 (M'-OCH,),
169 (J;—coc33), 152 (M"-CH,COOH) .
Anal. Calcd. for clelZOS: C, 56.60; H, 5.707

Found: C, 56.47; H, 5.40. , o

A mixture of 2-exo-carbomethoxy-5-exo-hydroxy-3-endo-nitro-

7-oxabicylo [2.2.1].heptane (179) and 2-exo-carbomethoxy-6-exo-

-~

" hydroxy-3-endo-nitro-7-oxabicyclo [2.2.1] heptane (180)

A solution of (91) (858 mg, 4.3 mmole) in dry tetrahydrofuran '
{10 ml) was cooled to 0° by means of an ice-water bgth.‘To .
the reaction mixture was added 3 ml of 1M diborane solution

(3 mmole) in tetrahydrofuran and stirred for .2.5 hr under

S S
e - - CR i S = e epaem A,
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nitrogen. After evaporation to dryness in vacuo the residue

and triethylamine N-oxide dihydrate (658 mg, 4.3 mmole) were
dissolved in'dry tetrahydrofuran (20 ml). The reaction mixture
was heated under reflux for 2.5 hr. The solvent was evaporated
and the residue was dissolved in ethyl acetate, washed with

0.1N hydrochloric acid, water and with brine, dried and
evaporated. Chromatography of the residue on a column of silicic
acid using chloroform afforded 416 mg (46%) of the isomeric

mixture of the alcohols (179,180) as an oil.

I.r. (CHC13): 3650, 3500 (OH), 1735 (C=0), 1578 cm-l (NOZ)‘

N.m.r. (CDCl;): & 1.33-2.40 (m, 2H, CH,), 2.90 (mt 1H), 3.26
(m, 1H), 3.73 (s, 3H, CHy), 4.03 (m, 1H),
4.60-5.10 (m, 2H), 5.10-5.30 (m, lH).

Anal. Calcd. for CgH,,NO.: C, 44.24; H, 5.11; N, 6.45.

811" 6
Found: C, 44.35; H, 5.10; N, 6.78.

&

A mixture' of S—exo—adetoxy-2-exo-carbdmethoxy-3-endo~nitro-

7=oxabicyclo [2.2.1l] heptane (18l) and 6-exo~acetoxy-2-exo-

carbomethoxy-3-endo~nitro-7-oxabicyclo [2.2.1l] heptane (182)

A nmixture qf the isomeric alcohols (179,180) (504 mg,
2.32 mmole) and acetic .anhydride (4. ml) containing.one

equivalent of p-toluenesulfonic acid monohydrate was stirred

A
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overnight at room temperature. The reaction mixture was
evaporated to dryness and the residue was dissolved in
chloroform, washed with water and dried over sodium sulfate.
Following evaporation of the solvent chromatography of the
residue on a column of silicic acid using chloroform afforded
495 mg (82%) of the isomeric mixture of the acetates (181,182)
as an oil.

Oné/ipomer, the 5-acetoxy heptane (18l), was crystallized
from hexane~-carbon tetrachloride to give 220 mg with m.p.
113-114-°.

1

I.r. (KBr): 1735 (C=0), 1550 cm (NO,) .

N.m.r. (CDCly): & 1.70-2.60 (M, 5H, COCH, and CH,), 3.36
'@, 1H, J=4 HZ), 3.70 (s, 3H, 6cn3r, 4.70~
| :15.03 (n:’sn), 5.30 (m, 18).
Mass (120°): m/e 228 (M7-0CH;) , 213 (M'-mNO,), 171, 153, 128,
; 43. , .
Anal. Calcd. for C,qH,;NO,: C, 46.33; H, 5.06; N, 5.40,
Found: C, 46.53; H, 5.26; N, 5.43. g
Upon evaporation the residue contaminated with‘(l8lf was

chromatographed on a column of“éilicic acid using éhloroform—

hexane (1:1), giving 121 mg of the 6-acetoxy heptane (182) as

‘aﬂ 0oil at the expense of both isomers. The product solidified

. on standing with m.p. 67-68°.
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1 .

I.r. (KBr): 1735 (C=0), 1550 cm’
N.m.r. (CDCly): § 1.70-2.30 (m, 5H, COCH, and CH,), 3.37
(@, 1H, J=¢ Hz), 3.70 (s, 3H, OCH;), 4.70-
5.06 (m, 3H), 5.20 (m, 1H).
Mass (120°) : m/e 228 (M'-OCH;), 213 (M'-HNO,), 169, 127, 8l.
Anal. Calcd. for C10H13N07: C, 46.33; H, 5.06; N, 5.40.

Found: C, 46.23; H, 5.30; N, 5.21.

2-Exo-acetoxy-5-carbomethoxy-7—oxabicycl6 {2.2.1} hept-S5-ene (183)

A solution of (181) (605 mg, 2.34 m@ole) and DBU (444 mg,
281 mmole) in methylene chloride (20 ml) was refluxed for 1.5 hr.
The mixture was diluted with methylene chloride, washed with
0.1N hydrochloric acid and water, dried, and evapor&ted.
Chromatography of the residue on a coiumn of silicic acid using
.chlorofori-hexane (3:1) afforded 453 mg (91%) of (183) as an
oil which solidified on staﬁding with m.p. 62-63°.

L (cac).

I.r. (KBr): 1725, 1710 (C=0), 1610 em”

N.m.r. (CDCly): & 1.73-2.20 (s+m, S5H, COCHj and CH,), 3.70
- (s, 3H, OCH3), 4.76 (q, 1H, J=3 Hz, H-2),

5.00 (4, 1H, Jl'G-é Hz, H-1), 5.16 (d, 1H,

J4,3exo
H~6) .

.4 HZ, 3-4)' 6092 (d' 13’ 36 1-2 HZ"'
s ’

Mass (120°): m/e 212 ('), 181 (M'-OCH,)., 169 (M'-COCH,), 152
(u*—cn3coon), 137, 127, 109.
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Anal. Calcd. for Cloleosz C, 56.60; H, ?.70.
Found: C, 56.45; H, 5.36.

3-Exo-acetoxy—-5~-carbomethoxy-7-oxabicyclo [2.2.1l] hept-5-ene (184)

A mixture of (182) (189 mg, 0.73 mmole) and DBU (122 mg,
0.8 mmole) in me;hylene chloride was heated under reflux for
1.5 hr., After usual work=~-up cﬁromatography of the residue on
a column of silicic acid using chloroform-hexane (3:1) gave?®
108 mg (70%) of (184) as an oil which was crystallized from
hexane-carhon tetrachloride with m.p. 119-120°.

N\
1 (csc).

I.r. (KBr): 1725, 1710 (C=0), 1610 cm
N.m.r. (CDClg): 6 1.70-2.10 (s+m, 5H, COCH, and CH,), 3.70 .
(s, 3H, OCH3), 4.75 (q, 1H, J=3 Hz, H-3),
4.90-5.10 (s+m, 2H, H-4 and H-1), 7.03 (d, 1H,
\ Jsll-zgﬂz,.ﬁ-s).
Mass (120°): m/e 197 (M*-CH;), 181 (M'-OCH;), 169 (M -COCH,),

152 (M*-CH,COOH), 127, 95, 43.

3
Anal. Calcd, for Cloﬂlzosz C, 56.60; H, 5.70.

Found: C' 56.46; H' 5.‘58‘

L [ U R R A
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Methyl 2-(3a-acetoxy-4g-hydroxymethyl-furan-1g~yl) glycolate
(186)

&

To a solution of (183) (483 mg, 2.28 mmole) in dry
methylene chloride at -78° was bubbled ozone until a blue.
color persisted. Excess ozone was flushed with nitrogen
and dimethyl sulfide (0.5 ml)Fhas added. The reaction
mixture was allowed to come to room temperature over a
period of 5 hr. The solution was then washed with brine
three times, dried over magnesium sulfate and evaporated.

To a solution‘of the residue (185) in dry tetrahydrofuran

(20 ml) at 0° was addedvlith;um tri-tert-butoxyaluminum
hydride (2.3 g, 9.1 mmole). The reaction mixture was stirréd
at 0° for 5 hr and a solutishyof ammonium sulfate (1.5 g)

in water (2 ml) was added. After filtration over a layer of
Celite and evaporation, the residue was dissolved in ethyl .
acetate, washed with water, dried, and. evaporated. The
residue was chromatographed on a column of siiicic acid

using chloroform-ethyl acetate (l:2), giving 349 mg (62%) of
(186) as an oil. \

¢ ' -
I.r. (CHC1,): 3500 (OH), 1750 cm ™ (C=0) .

N.m.r. (CDCI3)= § l.73-2.56/(s+m, SH, COCH3 and OCHCEQ), 3.43~4.16

| (m, 7H), 4.16-4.80 (m, 3K), 5.10 (m, 1H).

ol daben
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Anal. Calcd. for C : C, 48.38; H, 6.50.

1081697
Found: C, 48.49; H, 6.28.

Methvl z-acetoxy-z-(3a-acetoxyr4B-acetoxygethyl-furan-lB-yl)

glvcolate (187)

v

The diol (186) (157 mg) was acetylated with acetic
anhydride (1 ml) and pyridine (2 ml). After the usual work=-up
chromatography of the crude product on a column of silicic
acid usiqg chloroform-hexane- (1:1) afforded 149 mg (70%) of
(187) as an analitically pure oil.

1

I.r. (neat): 1745 cm —~ (C=0), no hydroxyl group.

N.m.r. (CC14): § 1.80-2.70 (m, 1llH, 3COCH§ and OCHCEQ), 3.63

(m, 3H, OCHy), 3.76-4.06 (m, 38), 4.30 (m, 1H),
- 4.73-5.06 - (m, 2H). - )
Mass (110°): m/e 332 (M%), 301 (M*-oCH,), 273 (M*-cE,c00), 253,
-~ 201, 152, el
Anal. Caled. for Cy . H,404: C, 50;60r H, 6.07,

Found: C[ 50.38; g\" 6.26. : ¥y
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~

Methvl 2-(3a-acetoxy-4B—tert-butyléimethylsiloxymethyl-fdfanr\

18-yl) glycolate (188)

Ta 4 solution of (186) (242 mg, 0.98 mmole) in dimethyl-
formamide (5 ml) was added tert-butyldimethylsilyl chloride
(148 mg, 0.98 mmole) and imidazole (166 mg, 2.45 mmole). The
reaction mixture was stirred at room temperature for 20 hr.
The solvent was evaporated in vacuo. The residue was dissolved

in chloroform, washed with water, dried over sodium sulfate,

and evaporated. Chromatography of the residue on a column of ..

silici¢ acid using chloroform gave 276 mg (778} of (188) as

an oil.

1

I.r. (neat): 3450 (OH), 1740 cm - (C=0).

‘N.m.r. (CDCly): 8 0.13 (s, 6H, Si(CH4),), 0.93 (s, 9K, C(CHj4),),

1.76-2.53 (s+m, 5H, COCH, and OCHCH,), 3.23
(;:\}H),‘3.53-3.97'(m, 6H) , 4.10-4.46 (;, 2H),
5.03 ‘(in, 1H).
Y
Anal. Caled. for ClGH3OO7si: c, 53.04; H, 8.29.
' Pound: C, 53.27; H, 8.05.
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(~f Methyl 2-(3a-acetoxy-48-tert-butyldimethylsiloxymethyl-£furan-

13~v1l) glyvoxylate (189) and l-Methyl~4-ethyl 2-(3a-acetoxy-48-

tert-butyldimethylsiloxymethyl-furan-18-yl) maleate (190)

(a) A solutian of (188) (136 mg, 0.38 mmole) and acetic
anhydride (1 ml) in dry dimethylsulfoxide (4 mlf was stirred
overnight at room temperature. The mixture was diluted with
chloroform and washed with’a aqueous sodium bicarbonate
solution, water, and brine. Evaporation of the dried organic
phase gave the crude keto ester (189). To a solution of the
resu%ting keto ester (189) in methylene chloride (10 ml) was
added carbOethoxymethylenetripﬁénylphospyorane (132 mg, 0.38
mmole). After 2 hr of stirring at room temperature, the
reaction mixturé was evaporated to dr}ness. Chromatography of
the residue on a column of silicic acid using chloroform
afforded 138 mg (86% from the hydroxy ester (188)) of (190)
as an oil. '

-1

I.x. (CHCl ): 1745 (C=0), 1675 cm (C=C).

N.m.x, (CDC13)- § 0.06 (s, 6H, Sr(CHa)z), 0.86 (s, 9H, C(CH3)3)}

FE>
g

Y " 1.25 (¢, 3H, J=7 Hz, CH,CH,), 1.70-2.23 (s+m,
- SH, COCH, and OCHCH,), 3.50-3.63 (m, 2H), 3.66
% - (3, 3H, OCH), 3.86 (m, 18), 4.03 (q, 2H, J=6 Ez,

PV
#

&

OCHZ), 4.60 (m, lH), 5.00 (m, M), 6.03. (4, 1H,

£y
PEE

Y WS
& M
Aosme

J=2 Hz, C=CH).
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Mass (120°): m/e 373 (MT-C(CH.).), 313, 267, 253.

3)3

Anal. Calcd. for C 0,8i: C, 55.81; H, 7.91.

201349

Found: C, 55.92; H, 7.78.

(b) To a solution of (188) (272 mg, 0.76 mmole) and dicyclo-
hexylcarbodiimide (506 mg, 1 mmole) in dry dimethylsulfoxide
(1 ml) and benzene (1 ml) was added dichloroacetic acid

(0,04 ml, 0.5 ﬁmolg) at 0°, After 30 min at room temperature
the mixture was cooled to 0° and a concentrated agueous
solution of oxalic acid (80 mg) was added. The mixture was

kept at room temperature for 20 min, diluted with ethyl acetate
and then the precipitate was filtered. The filtrate was washed
five times with water and the organic phase was dried over
Linde 4A Molecular Siéve and evaporated to a syrup. The latter
was dissolved in ethanol and a small amount of dicyclohexylurea
was removed by filtration. Evaporation of the solvent\;eft ‘

: \
the keto ester (189) as a syrup that was contaminated by

minor amounts of dicyclohexylurea and N—dichloroacetyl-N,N'-

 dicyclohexylurea. To a solution of the crude(189) in methylene

chloride (10 ml) was added carboethoxymethylenetriphenylphos horane
(264 mg). After 2 hr at room tqmperature the mixtﬁre was

evaporated to dryness. The residue'was chromatographed on a .\\
column of silicic acid using chloroform, glving 1 2 mg (44%

from (188)) of (190) as an oil. Spectral data (nim.r., i.r.)

were identical with those of the above compound.

-
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2- (3a-Acetoxy-48~-tert-butyldimethylsiloxymethyl-furan-1g-vl)

maleimide (191)

A mixture of (188) (152 mg, 0.42 mmole) and acetic
anhydride (1 ml) in dry dimethylsulfoxide (4 ml) was stirred
overnight at room temperature. The Pixture was diluted with -
chloroform and washed with a aqueoui sodium bicarbonate solution,
water and brine. The organic layer was dried over magnesium
sulfate and evaporated to dryness, leaving the crude keto
ester (189) as an{pil which was contaminated with minor
amounts of impurifies. Without any further purification this
material was directly used in the neﬁt step. A solution of
the resultiné keto ester and carbamoylmethylenetriphenylphosphorane
(121 mg, 0.38 mmole) in dry chloroform was stirred at room
temperature for 2 hr. The solvent was then evaporated. The
residﬁe was chromatogréphed on a silica gel plate using ethyl

gtﬁer~hexane (1:1), giving 58 g (38% from hydroxy ester (188))

of (191) as an oil.

I.r. (CHCl,): 3420 (NH), 1780, 1740, 1725 (C=0), 1645 cm 1 (C=C). -
: EtOH ‘
u.v. OEEH) . 222 m

Nom.r. (CDCly): 6 0.06 (s, 6H, Si(CH;),), 0.86 (s, 98, C(CHy),),
1.70-2.76 (s+m, 5H, COCH; and ocncgé), 3.70-
*3.90 (m, 2), 4.10 (m, 1H), 4.83-5.23 (n, 1),
5.33 (m, 16), 6.55 (t, 1H, GaCH), 8.20 (m, 1H, NH).

. Mass (120°): m/e 312 (M+-?(CH3)3), 253, 129, 117, 75, 73.
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Anal. Calcd. for C;.H,,NO.Si: C, 55.28; H, 7.32; N, 3.79.

\

Found: C' 55012; H’ 7.“35; N[ 31680

2= (3a-hydroxy-48-hydroxymethyl=-furan-18-yl) maleimide (172)

e

A solution of (191) (102 mg, O.@B mmole) in q.lM
methanolic hydrochloric acid (15 ml) was stirred at room
temperature for 29 hr. After evaporation to dryness,
chromatographgr of the residue on a column of silicic acid
using acetone-ethyl acetate (3:7) afforded 40 mg (68%) of
(172) as an oil which was crystallized from acetone-benzene

with m.p. 122-124°. \ T

I.r. (KBr): 3510, 3320, 3280, 3100 (OH, NH), 1770, 1700 (C=O),

1

1640 cm - (C=C).

EtOH, . - . :
U.ve (Apae)? 222 nm (log ¢ 4.18).

Mass (170°): m/e 214 (M*+1), 213 (M), 195 (M'-H,0), 182, 165;
153, 136, 124, 81, 53, 44, 43, 39, 31, 29.

Anal. Calcd. for C9H N05: c, 50.70; H, 5.20; N, 6.57.

1l
Found: C, 50.85; H, 5.40; N, 6.64.

- o
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