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l
"The organic chemist is often shocked to find

@
i

. ’ that nature has prgieeded him in the synthesis of an

analogue ofspaturally occurring nucleic acid precur- )

e
;,f';;d"‘ R

’

o

sors and derivatives."

T R

2

\ 3

from:
-
'"Antagonists and Nucleic
. " Acids' by M. Earl Balis
' in 'Frontiers of Biology!'
Vol. 10, ed. by A. Neuber-
ger and E. L., Tatum, North
\ _ Holland Publishing Co., Am-
sterdam (1968).
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" ABSTRACT

Several important multi-substituted pyrrolidine
intermediates for the synthesis of azacyclic C-nucleoside
énalogues were prepared. An azacyclic analogue of showdomycin,
a natﬁrally occurring C-nucleoside, was easily produced from

\ .

a pyrrolidine containing an a-ketoester substituent. This pyr-

rolidine is also a potential intermediate for the elfboration

i
-

of other heterocyclic systems., Structural and stereochemical
assignments of these products and their 8-azabicyclo(3.2.1%*%)-
octane precursors were made by proton magnetic resonance

(p.m.r.) spectroscopy.
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Plusieurs intermédiaires pyrrolidiniques polysubstitués,

utiles pour la syntbése,d'analogues azacycliques de C-nucléosides,

ont été préparés. Un analogue azacyclique de la showdomycine, un

C-nucléoside naturel, a été synthétisé aisément 2 partir d'une
pyrrolidine qui contient un substituant a~cétoester. Cette pyr-

rolidine est également un intermédiaire potentiel pour la pré-

paration d'autres systdmes hétérocycliques. Lgs structures et

la stéréochimie de ces produits et de leurs précurseurs 8-aza-

1

bicyclo (3.2.1Y )octane ont &té déterminées par résonance mag-

nétique nucléaire (R.M.N.).
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a. Introduction " . ' ('

Nucleosides, the impozgﬁnt‘constituents of the nucleic
acids DN@'anq RNA, are compounds of the, glycosylamine Q}pe in
which the aglycone’is a purine or pyrimidine base, and the sugar
component is the D-rip?furanosetér 2-deoxy-D-ribofu;anose moiqty.
In recent years, the term 'nucleoside' has come to.include nat-

ural and synthetic N-glycosides wherein the aglycone portion‘is

a heterocyclic base (1. Analogues in which the C-1 of the sugar

‘residue is bonded to "a carbon atom of the heterdcyclic base are

-referred to as 'C-nucleosides' (2)', and many naturally occurring

1

C-glycosyl nucleosides have been isolated?. Particularly inter-
|

esting are the more recently‘discovergd naqurally occurring C-
o - ~

ribosyl nucleosides?, which will be discussed in‘ﬂetaﬁg in this

+

paper .
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The fact that many nucleosides and C-nucleosides ex-

3

hibited antiviral, antibadterial and antitumor activityl’?s!»
stimylated the synthesis of many nucleoside analogues, in the

£Ope that slight modifications of the nucleoside 'structure o
‘would cause changeé in the chemotherapeutic index, or in the
toxicity, of the compounds investigated, Accordlngly, carbo-
cyclic analogues of nucleosides (3)%'¢ afd of C-nucleosides
Cg)”’, wh;fein the ribofuranosyl ring oxygen is replaced by
a‘methylene group, were synthe§ized: Thiacyclic nucleoside

analogues {g)”’haye also been extensively investigated.

| | ~ |

\/ N
™ (3) X=N (5) o ‘
(4] X=C
/

b. Biological and Biochemical Properties of C-Riﬁofuranosyl
' \ »

Nucleosides

~. ~

| " The synthesis and propertiés of N-nucleosides have
been thoroughly examined oJer the years!’!! | and since 19521

when the first C-nucleoside was identified'?, many such carbo-
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hydrates have appe:red in the literature!?!3, %he more recently
discovered C-ribofuranosyl nucleosides have especially inter-
esting properties. These modified nucleosides are: pseudouri- -
dine (6), formycin A (7), formycin B (8) or laurusin, oxofor-
mycin B (9), showdomycin (10), pyrazomycin (11) or pyrazofu%in
A, and oxazinomycin (12) or ﬁ&nimyciﬁ.

\
s

HO - -OH

(?) (8) X=H
1 (9) X-OH

" HO OH - HO OH

(10) an




NS

\

(¢) Pseudouridine and oxazinomycin: Pseudouridine (6)'*, 5-(B-D-
‘-
ribofuranosyl)uracil, is a structural isomer of uridine (6a) and
|
g,normal constituent of t-RNA. Its chemicall'j and biochemicall®

propertiés have been reviewed, and it has proved to be tbe only
member of this class of compounds that does not display medicin-
ally important biological properties. Oxazinomycin (12) is the
most recently isolated‘; C-ribosyl nucleoside. It displayed some

antitumor and antiviral activity.

\ Ny ?

(Z7) The Formycin C-Nucleosides: The three pyrazoloﬂyrimidine

C-nucleosides are structural analogues of adenosine, inosine

3

and xanthosine. Formycin A (_Z_)18 inhibits the growth of mouse
leukemia L-1210, @oshida rat sarcoma cells, ‘bacteria, fungi

and viruses!»19220 It is also the most effective analogue to
replace adenosine 2!, Tumor cells which lack adenosine kinase
have been found to.be resistant to formycin A, indicating that the

kinase plays a key role in the mode of action of formycin A.

o

~ \

/



Formycin B (8)%* does not inhibit animal tumors, but it does in-
hibit multip}ication of inflﬁenza Al'virﬁs. It also inhibits

a pathogenic bactérium for rice plant disease caused by X. ory-
zae22'41hé“qu of substituent on position 7 oflthe pyrazolo(4.3-d) -
ﬁyrimidine Ting is in large part responsible for the biological
activities of these nucleosides!. Oxoformycin B (9)! is a com-

petitive inhibitor of N'-methyl nicotinamide, but does not in-

hibit the growth of any organism tested to date. .

0 " |
H
LA

HO 0

HO OH

(7) \ (8) X=H
(9) X=OH

/

(222) Showdomycin: This nucleoside antibiotic was first isolated

from Streptomyces showdoensis?“, and its structure has been
shown to be 2-(B-D-ribofuranosyl)maleimide (10)*’%% It is a
broad spectrum antibiotic, displaying significant antibacterial
and antitumor activities!’?* | It shows remarkable ‘activity
against Ehrlich ascites tumor in mice and Hela cells %*’2% | The

numerous biochemical studies carried out with showdomycin have

-

been reviewed by Suhadolnik?!.



! ]
(zv) Pyrazofurin A: Pyrazomycin was isolated from Streptomyces

A

candidus, and its structure has been determined to be 3(5)-ribo-

furanosyl-4-hydroxy-pyrazole-5(3)-carboxamide (11)‘. It is a
potent antivirafgagent both in vitro and in vivo, and an inter-
esting antitumor drug?’. Pyrazomycin is a strong inhibitor/of
orotidylic acid decarboxylase, and is an antagonist of uridine

me tabolism?.
. o
c. Chemical Syntheses of C-Nucleosides and Related Compounds

i

The interesting biological properties of the C-glycosyl
nucleosides have made them important targets for chemical syn- ’
thesis. Clésely related analogues havelalso been prepared and
their properties scrutinized, in the hope of gaining insight
into the mode of action of C-nucleosides.

' The synthesis of pseudourid;ne (6) has been achieved

through carbon-carbon bond formation between a 5-lithiopyrimidine

13 and a suitably activated ribose (e.g. 14 and 15)28°29»30 These

N X
R - - HN NH '
0 o _
N
X HO
-
|
R ' »
Li OR o
+ HO OM
‘ (13) (14) X, Y=H, C1 | (6) !

(215) XY=0 /



approaches were similar to those employed for the synthesis of
~
N-nucleosides, and in general afforded poor yields. Arabino-

and xyloffiranosyl analogues of pseudouridine were also made via

# LT SR IR RIS “W\”l‘m"’*ﬁ’%‘f‘-‘ﬁv
\ .

. 3 . ¥
direct condensation?!.

)
!

o Many other analogues have been prepared, the most im-

P

portant of which are shown below. Deazauridine analogues 16 and ‘ |

17 were investigated®? as potential inhibitors of thymidylate

<

synthetase. Bobek et al?® synthesized 6-azapseudouridine {lg)‘

it W

from 2',3',5'-tri-O-acetyl-pseudouridine, and other 6-azauracil ~

derivatives were similarly made from the thiosemicarbazones of

L-xylo, D-arabino and D-ribo-hexulosonic acids3*..

e b = L R T i TR

[P

ke Rt st

HO OH

(16) X=OH \ .

- (17) X=H (18)

SNTRES 5 3

k3
1
K
N

David and Lubideau®® reported the synthesis of 5-B-D-
ribofuranosylcytosine (19) (pseudocytidine) and of its a-anomer.
Deamination with sodium nitrite converted each isomer to the

‘corresponding pseudouridine at C-1.

. - o
o — o A —
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e




RN
B
-

IV T NP,

HO 'OH

I it .S AP
-

4 / ~
\ (19) | !

The synthesis of compounds related to o;'cazinomycin‘

§ (12) was accomplished®® via the addition reaction of ketones
- ]
%’ | to chlorosulphonylisocyanate: "
| :
. /o) " OH C1S0,NCO j\n
R
— \> o H
= ] -»>
‘ . R R N (o) p
=
L (20) R=Ph, R' =Me

(21) R=Me, R'=Ph
. (12) R=H; R'=8-D-
- ribofuranosyl

A more versatile route to C-glycosyl nucleosid[es in-
volves the preparation of approoxpriately Cl-func;ionalized der- (
ivatives of Z,S-anhydro-D‘-allos‘e or 2,5-anhydro-D-allitol (22),
a compound already containing the de§ired c/afbon-carbon bond,
from which C1 can be elaborated into a vgﬁety of heterocycles.

This approach permits the formation of anomerically pure C~

glycosides. ) ’




. % . . .
‘'synthesized analoges of formycin A by the direct condensation

Bobek et al?’ transformed the cyano derivative 22a
into the diazo sugar 220 in six steps, and 22b was converted
to formyciq B (8) ** and oxoformycin B (9)*7’*® wia initial
cycloaddition to dimethyl acetylenedicarboxylate. Oxoformycin
B was prepared by Curtigs rearrangement and cyclization of the
3-carbamoyl compound 23; this same\jntermediatQ underwent a .,

similar sequence of reactions to produce formycin B.

NH.co_ M
‘ NH,NHCO / I/
6 ! Ro o ; }
—
RO OR RO OR
(22a) R=CH,Ph, X=N (8) X=H
(22p) R=CH,Ph, X=HN, (25) R=CH,Ph (9) X=OH

Kunimoto et al*? found that replacement of the amino
group in formycin A (?) by a thiol or methyl thiol group pro-

duced analogues whiq&{inhibited influenza virus. Igolen et al*!

%
¥
kY
k4
i
&
:
A
!
£,
p

ST

of pyrazole 24 with benzyl thioformidates 25. Deblocking with

methanolic ammonia afforded the pyrimidines 26 and 27 in good \ ~.

!

overall yield. ) /




(27) Y=OH, X=H

Al

i | ' ~10-
3 ’ W
'3: ' \
N 4 HCI
. HY sBzi ‘
& ¢ od . ‘)\/\\ 0
N
% HO X H ~ HO X , /
) ilﬁ’
: |
P (25) (24) - . (26) Y=H, X=0H
& \

Many other analogues of the formycin C-nucleosides

have been prepared, including the seleno-congener 28 of formy-

"&
B
H
!
H
3
!

cin B*?, the D-arabino epimer 29 of oxoformycin B*?, and two

other interesting analogues of oxoformfcin B, pyrazolopyfid-

azines 30°%' and 31°°.

i
Se H\ }q ‘
MY N .
N :
HO- “ X ;
H \ K
. HO OM |
HO OH
o (30) X=CH,OH, R=H
(28) (29) (31) X=H, RR-C(CH3)2

Showdomycin (10) was first synthesized** in six steps
from the a-k;toeéfer 33. The critical step was the ozonolysis
j
of 1-(2',3',5'-tri-0O-acetyl-B-D=ribofuranosyl)-2,4,6~-trimethoxy-

befnzene (32) to the a-ketoester 33 required for construction of

| \\Q | |

. - ' . 7 ﬁ‘ “ I

e e e
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-11-
, the heterocyclic ring. This method was soon improved upon by

Trummlitz and Moffatt“®., They reacted a similar ketoester,

me thﬁl J,6-anhydro-4,5,7-tri-0O-benzyl-D-allo-heptulosonate

(8¢4) with. carbamoylmethylenetriphenylphosphorane '(35) to pro-

"duce directly the crystalline tribenzyl ester 36. Pure show-

g
domycin (10) was obtained by debenzylation with boron trichlo- L
ride. The key intermediate 34 had been obtained by oxidation n
i
CH, 0 5
° “ NH .
CH,0 Hy ™ OOCH, . \ 0 ’::
AcO o | RO 0 0 (35) RO 0 §
- —_— b
AcO OAc RO OR ‘ RO OR '
(32) (33) R-COCH3 (38) R-CHZPh
(3¢4) R-CHZPh (10) R=H
(35) Ph:,’P-CHCONH2
y \ ,
of methyl heptonates 38; which were prepared from the readily
availa\jle 3,4,6-tri-O-benzyl-2,5-anhydro-D-allose (gl)"s.

Bal Bz 00CH, :
o HO 0 H :ﬁ
—plp -
‘ E
Bz0 OBzl ~ Bz2l0 OBzl D
) | v : '

(87) . (38) |

:'\
By




The important heterocyclic ring-forming reaction (34 +

35+ 36) was explained by spontaneous éyclization of an inter-

c.2
——

: mediate cis-maleamic ester 34a to the corresponding maleimide.

1
| \

Alternatively, the cyclization could have,h taken place at the :

EY

AT

level of the betaine precursor of 34a. The formation of the pre- ~/

ponderant cigs-oriented intermediate was due simply to steric

/ : ”
.
.
;
.

HC00C,_CONH, ’ ,
“ “H

(34a)
) ‘ A
i
‘l 4
. ) \ L
factors“S . This led to the conclusion that the reaction of a- {
7 ketoesters with carbamoylmethylenetrlphenylphosphorane provides

2 direct route to 2- substltuted malelmldes prov1d1ng that the

substituent R attached to the ketoester (i.e. RCOCOOMe) is

reasonably bulky. )

More recently, Moffatt et al*’ synthesized 3-methyl-

5, AT s AT ¥ ST B i At Tl s st

s piae i, S

|
showdomycin (39) by the condensation of their ketoester 3¢
with l-carbamoylethylidene dimethylphenylphosphorane. The product
displayed a marked reduction of antibacterial activity with ° '

respect to showdomycin itself.

]




COOMe SH"
Me ,P=CCONH, | R
h i

(3¢4) R-CHzPh . Y (39) R=H

P 4
4,y

— -y

fgﬁ, Farkas et al"“® synthesized pyrazomycin in low yield
from the same a-ketoester 33 thgt they utiliied for the pro-
duction of showdomycin. They reacted the ester with (l-benzyf-
hydrqzine)-acetic’aqid to produce the hydrazone 40, which

!

underwent ring closure and base-catalyzed methanolysis to yield

| .
the 4-hydroxypyrazole ¢1. Treatment with methanolic ammonia ”
afforded amide ¢2, and hydrogenolytic debenzylation yielded

crystalline pyrazomyciﬁ (11) in poor overall yield.

COR

\1521

COOMe QOOCH, —COOH’ Ho—/ N

RO o o . R o N—N=—Bz! HO o
— —_ !
R R RO OR HO OH
\ v

(33) R'-cocn3 (40) R=COCH, (41) R=0CH,
(42) R=NH.
< - 2

N
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Tronchet et al“® have reported the synthesjs of pyra-

\ a . . . : %4
zolic analogues containing aromatic substituents (43 and 44).

An amino analogue ggz of pyrazomycin was also made for biolog-

ical testing.

(’43) (44) : (¢45)

v . Y .
The deoxy py;;zolic C-nucleoside 46 has been prepared®’
from 3,4;6-tri—0—benzy1—-Z,S-anhydro—D—allose (37), and 4dlso
from 3,4-O-isoprppy1idene-2,S-anhydro—D,Lrallose (47) %', which
was synthesized from non-sugar precursors (gg)sﬂ Both of these
approaches are versatile routes to C-nucleosides. The hemi-
acetal 47 has been used in our laboratory to produce several
C-glycosides and related derivatives®$®, and Moffatt et a7"52%°

i

independently utilized t form 37 to synthesize showdo-

mycin (20) (p. 11),’3 ethylshowdomycin (39) (p. 13), the deoxy

pyrazole #5 (p. 14), pnd several other 4-(B-D-ribofuranosyl)-

pyrazoles °°, i



CONH, 5
H Y
1
Lo B \ »
4 o. €HO
|
BzO OBz &
HO oOH . |
. ‘ (37)
(46) '
® : N CEd) | (48)
& .

Hanessian®* has reported a new method of anomeric
C-functionhalization involving the reac&ion of acetate 49 '
with derivatives of O- 511y1 -enol ethers §0 in the presence
of a Lewis acid. In addition, valuable progress has been made
in the direct, Lewis acid-catalyzed C-ribosylation of aromatic

and heteroaromatic systemsS55°5§,

l (Me)sia, | ‘
§ “RO o L NI CO0R)
' ] / a Ro 2
(\ g + R - o ]
\ 0
) RO OR d C°R
1 RO SOR \
(49) (50) . : (51)
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But despite these and other ®7°5%

attempts to achieve
a 'general' route to C-nucleosides and their analogues, no
such procedure has been developed to date. Hopefully, the pre-
paration of other C-nucleosides, together with a detailed un-
derstanding of structure-activity relgtipnships, will assist
in the realization of the therapeutic potential of this'class
of compounds. -

¢

d. Carbocfclic analogues of Nucleosides and C-Nucleosides

‘ Many nucleosides which are\effective agents in inhi-
\
biting the growth of malignant cells become ineffective in vivo

o

' bécause they are rapidly destroyed by eﬁzymatic cleavage into

195960 The

a purine or pyrimidine and a carbohydrate moiety

glycosidic C-Nbond is readily cleaved by acid hydrolysis®as

. ) J
depicted below: oo ¢

. N/ \@/
. H o) N H o NH
-— ‘ \ /
v o _’ N u
HO OH HO OH
wom MO [ S-S
| 8
& OM
Q) HO OH ’ HO OH ,
o . )
/ ™.
/ LY /
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X The glycosidic C-C bBond of C-nucleosides, however,
is more stable towards chemical' and enzymatic hydrolysis due
to suppression of the normal C-N bond cleavage. Furthermore,
this éubstituti;n causes a slight increase in the length of
the glycosyl bond - 1.55 R_vs. 1.47 A on the average®! - which
gives C-nucleosides almost free rotation about jthat bond®?.
This enables them to assume the most suitable conformation for
iﬂteractions with enzymes.

 Many so-called 'reversed' nucleosides 52, which also
do not possess the normal linkage between the nitrogen of the
base and the anomeric carbon of the gﬁgar, have been investi-
gated. These compounds are also more stable with respect to
hydrolytic cleavage. A number of reversed nucleosides have been
synfhesized“”“““s, and recently, two patents have been filed
which listed several reversed nucleosides as dntiviral and anti-

cancer drugs %887,
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Another series of compounds, wherein a carbon atom
replaces the ribofuranosyl ring oxygen, has also been investi--
) . Do . :
4 gated. The resulting carbocydlic nucleoside analogues contain

a normal C-N bond at the C-1' position, which should not kp

subject to the action of nucleoside phosphorylases or hydrolases
/
or otherwise broken easily. This substitution causes only a

slight distortion of the ringSé, producing analogues which have

T s e AR T

the same steric size as furanosyl nucleosides. These compounds
have the potential, therefore, either to mimic or antagonize

the function of naturally occurring nucleosides and nucleotides.

In the continuing search for 5nticancer agents, Shaeffer
et al®’'?% prepared purines 53 attached to the cyclopentyl or -
cyclohexyl rings. They prepare? carbocyclic analogues of 6-sub-
Stituted purines and some 9-cycloalkyl adenine derivatives which.
were interesting as adenosine deaminase inhibifors". In general;
however, no startling improveéent in biological activity’waé
found when compared to the activities of the corrésponding fur-

anosyl nucleoside?72. \
’

\

(53) R = cyciopentyl, cyclohexyl;
. monohydroxycyclopentyl,
~ monohydroxycyclohexyl,
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\

Murdock and Angier ’? prepared numerous cyclopentyl

{ analogue§ (e.g. 54-56) of thymidine, including the cyclopentane
| 28729

isostere 54 of thymidine itself. None of these showed any acti-

vity against a wide variety of bacteria and fungi’%. Several o

o RO N SRS
o A T AR I N N RN A R L

products were also tested against three mouse tumors with neg-

ative results’S,

:
g
{
P :
: 'CH ‘
%‘ \ N | 3 (50) A=CH,OH, B=H, C=H, D=0H
OJ\ (55) ‘A, B=H, OH; C, D=H, OH
; A (56) A, B=COOH, H; C, D=H, OH
' ¥
8 . .

"
4

The carbocyclic analogue of adenosine, .aristeromycin - '

(69a) was synthesized as the racemic mixture by Shealy and Clay-

76

ton’® and its optically active (L) form was subsequently iso-

lated by Kusaka et al’?’, It is the only naturally occurring car-

bocyclic nucleoside discovered to date. A rigid norbornene ring
was utilized for the synthesis of cyclopentanes §7 and 58 of

known geometric configuration. In this way, the racemic forms

of the carbocyclic analogues 59 of adenosine, inosine, 6-mercap-
topurine ribonucleoside and\ 6-(methylthio)purine ribonucleoside
were synthesized®® from (t);4B-amino-2a,3a-qihydroxy-leQcyclopen- 1

(:) tanemethanol (58) . Similarly, the carbocyclic analogues of

-

L TR ARE TR -
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[T AN TP P AT Nywee v 2 mias syl VppgbalEess, o
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X
\ - N
el
N
HOOC CONH, H NH, H
O —> —>
AcO OAc ) HO OH OH
(67) ' T (58) (§8a) X=NH,
(59b) X=OH
(§9a@) X=SH

(§9d) X =SCH

1 [

2'-deoxy-adenosine and 3'-deoxy-adenosine (cordicepin) were made
from exo-5-norbornen-2-0l acetate’®,

Aristeromycin"displéyed considerable antitumor acti-
vity®®, and was not toxic to mice or killifish’?, It was not in-
hibi;ory against yeast, pathogenic fungi aﬁﬁ bacteria except for
the acid-fast bacteria 77, but numerous’ studies ’7*7?’%% have indi-
cated that aristeromycin;cah act as an' inhibitor by interfering
with many processes in the cef&, besides causing inhibition by
its conversion\to the 5'-phosphate. Aristeromydiﬂ also controls

the growth of plants and is active against the blast disease of

rice plants.

e

Shealy et al®! have also synthesized the 8-azadenosine

analogue 60, its monophosphate 60a, and its cyclic monophosphate

81: all broved to be cytotoxic to cells in culture.-




2B
2=

-
HO OH /"\o OH

(60) R=H
(61)

RIS ey

Il
(60a) Rm HO—f—- .
OH

| Fissekis and Markert®? synthesized various 5-(hydroxy-

cyclopentane)pyrimidines bearing structural similarities to car-

bocyclic C-nucleosides, but Reader’’® was the first to synthe-

* size a carbocyclic analogue 6§ of a C-nucleoside. The synthesis
involved the production of the unsaturated msthyl ester ﬁéf con-
version to the lactol 63, and oxidation to the lactone 64. Cong

densation with aminoguanidine bicarbonate afforded the triazole

| . Hﬂ
"
R R

65,

e S

(62) (63) X, Y~=H, OH

(64) XY =0

(66)

e
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(. \
. " More recently, Playtis and Fissekis®® obtained a car-
Pbocyclic analogue g of 2',3'-dideoxxpseudouridine. The sodium
enolate ¢, qbtained in good yield from the corresponding lac-

tone, was condensed with thiourea to produce the 2-thiouracilli

. 67 in poor yield; the latter was converted quantitatively to

the uraqil 68.

{
PN
Hoe le H NH
(o] — H X
! (66)
| (67) X=S§
sl (68) X=0

e. Thiacyclic and Azacyclic Nucleoside Analogues ) ¢

The synthesis and characterization of monosaccharides

N BB v e

with a ring heteroatom other than oxygen has also'been of gen-

( *

eral interest for several years, It has been shown that sugar

JW‘M“

analogues®*’®% nucleoside analogues“"”’land certain nucleotide.
analogues®® having sulphur replacing the ring oxygen atom of
the sugaf have interesting and intriguing biological properties,
among which is low toxicity ®%. Biological investigations of

(:) 5-thio-D-glucopyranose **?®° and pyrimidine nucleosides 69 of
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.4-thio-B-D-ribofuranose and 4-thio~f-D-arabinofuranose®® indi-

-23-

X

HO ¥

(69a) X,Y =H,0H; Z=0H / :
. A69b) X=H; Y =OH; Z=NH

2 |

cated the potential usefulness of these sugars and sugar deri-
vatives as possible chemotherapeutic agents and as analogues

of naturally occurring metabolites. |

s

The synthesis of 9-(4-thio-g~D-ribofuranosyl)adenine

5 + o o . N o
124 S, g eailn At ” SRR e A O T P o

§ xR R i <0 s R R e T o L et S e SRR I R i e it e A

PRAA L, T T N LT A R SR S 5

PRAAC o 5, e . S X

(71) and its 5'-phosphate (72) has been accomplished ®® from the
sugar 70. It was noted that the adenine ring of thege analogues
had a more restricted movement about the C-N glycosyl bond than °
thgt\of adenosine, because of electronic repulsion'betwegk the
nonbonding electrons of the nitrogen at the 3-position of the

heterocycle and the ring sulphur.

gt o AL 5 5 fat A S A SRR £y
e 5 3

x o
NZ NN
@ KD
‘ N
l R ’
c S
Ac HO OH
(70) (71) R=H, X=NH, ~
\ 0 2
]
(72) R{—HO—F—- ,1X=NH, |
' OH

| ‘ (78) R=H, X=C1,SH,H,N(Me)

\
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(: s Bobek et al®’ prepared and stydied the activities of

i

R

4+-thio derivatives (71, 73) of several 6-substituted purine
A\
nucleosides. They found that, depending on the test system used,

g sy

the potency of the thioribosyl nucleosides was greater or smaller
¥ than that of the ribosyl analogue, when determined iZn vitro with

Streptococcus faecum, E. coli, Leukemia L-1210 and Ehrlich ascites

A\ . ' *

\ cells. \
In\g%neral, thiacyclic nucleoside analogues have proved
to be useful |tools in elucidating the biochemistry of the natu-
rally occurrjpg compounds .

Recently, Nair and Walsh?®® reporfed the synthesis of

the first 'reversed' amino nucleoside, 1-(6-aminopurin-9-y1)-2,5-

anhydro-1,2-dideoxy-2-amino-D,L-ribitol 76, which is really a

' 3

homo nucleoside analogue. The synthetic imino acid dehydroproline

was reduced and hydroxylated to produce the pyrrolidine sugar ! ?

74, which was coupled directly with the sodium salt of adenine ' :

e Ly

to give the tosylated compound 75 as a stable crystalline compoun#.

The detosylated nucleoside 76 was found to be eitremely unstable

!

b, and difficult to handle.

2 \ -
() . (74) (75) R=p-CHC,H,80,

' . (76) il-H i

O . T e
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Aim of the Project .

- The aim of the present work was to synthesize

az?cyclic analogues of C-nucleosides., More specifically,

P

we hoped to produce the azacyclic analogues of showdomycin
and pxrazoﬁycin (pyrazofurin A), two C-nucleosides which

exhibit very interesting biochemical and biological acti-

I N T

vities. This project to synthesize azacyclic precursors
of C-nucleosides was part of a general program initiated

in our laboratory to synthesize C-nucleoside analoguesi

l t
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o : Chapter 2

Synthetic Studies with 7-azabicyclo(2.2.1)norborn-2-enes

\

i ‘ ¢

: a, Introduction

I -

E
fﬂ Compounds of type 77 have been converted to nucleoside

p analogues in reasonable yields via the ketoester 78 °° or pro-
} //( tected 2,5-anhydro-D,L-allose analogues 79a °%’*' and 79»7. Keto-
3 ———— ) ———

ester 78 has also been used as the key intermediate in the syn-

thesis of showdomycin ** and pyrazomycin'*®,

Unsaturated esters 77a and 77b have been synthesized

by the Diels-Alder reaction of furan or cyclopentadiene with methyl

: |
B-nitroacrylate or trans-bromoacrylic acid respectively, followed by
A

| .
H
AR oo "
‘ - X
. v i
(77q) X=0 o X
(77b) X=CH,
(79a) X=0 ‘
\ . ® . (79b) X=CH,
| 0OCH
R o o (]

(78)

<
- f 3y
p
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hydfoxylation, protection and subsequent eliminagion of nitrous
or hydrobromic acid with 1,5-diazabicyclo(5.4.0)undec-5-ene
(DBU). Methyl or ethyl propiolate (H-CéC-COZR) were not used’
as the dienophiles because they produced adducts g¢ that were
difficult to h&droxylate. In fact, Reader® reported that EQE
(2-carbethoxybicyclo(2.2.1)hepta-2,5-diene) polymerized under
the free radical conditions usea for the hydroxylation (osmium
tetroxide -. 30% hydrogen peroxide). Polymerization of such °
bicyclo(Z.Z.i)heptadiené; occurs readily with a variety of .

initiators®?. ‘ \

‘(80a) X=0, R=CH,
\ OOR
(80b) X=CH,, R=CH,

(80¢) X-CHZ, R—CHZCHS

We planned to follow these routes closely in our

first,attempt to synthesize azacyclic intermediates. We intended

‘

‘to react a pyrrole with the more reactive methyl B-nitroacrylate

andieQentualIy produce an olefin ester wherein X=N-R. However,
becéﬁse of the aromaticity of the pyrrole ring, éycloadditions
with N-substituted pyrroles are in.general ﬁuch slower and re-
quire harsiermconditions than the correSponéing reactions of
furan or cyclopentadiene. Withdrawal of m electron density from

the nitrogen by an electron-withdrawing group increases the diene

!

N

»
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character of the pyrrole; thus it is more reactive towards
dienophiles, while ring posifions are rendered less susceptible
to ellectrophilic attack. Furthermore, increasing the electron-

withdrawing efficiency of the substituent reduces the suscepti-

bility of the adduct toward$ a retro-reaction?®3.

'

Pyrroles do not generally participate in Diels-Alder
reactions with olefinic dienophiles. To our knowledge, only the
very reactive lhexafluoro-Dewar benzene is known to react with

pyrrole, giving the 1:1 and 1:2 adducts &I and 82°%,

F ¥ ? E
| NH _ | - | NH ‘ H|
: } F EFF ,
|
(81) o (eey h

R

On the other hand, at the start of our work several

o
A

symmetrical acetylenic dienophiles were known to react with

pyrroles to produce the 7-azabicyclo(2.2.1l)hepta-2,5-diene

SR,

RS <Y

system 83: acetylenedicarboxylic acid®¥’%%:?¢:%7 dimethyl

acetylenedicarboxylate (DMAD)?®3:°%:%% benzyne!'’®, tetrafluoro-

1

1y

Yy
;
K
4
il
o
p
=
s"(

3
LI

benzyne !°!, and tetrachlorobenzyne!®?. These reactions were

successful only with N-substituted pyrroles. For example, pyrrole

itself and bewzynelafforded Z-phenylpyrrolelt}. More recently, &
P

only one more dienophile, hexafluorobut-2-~yne, has been condensed

with pyrroles 1942105,
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|
" 0f all the dienophiles, the reagent that would most

)

readily and conveniently produce addgsts structurally close to

77 was DMAD. Its adducts are generally more stable than those
of it% closest a?al6gue, acetylenedicarboxyiic acid. In fact,
attempted esterification of two 7-azabicyclo(2:Zil)heptadiene-
2,3-dicarboxylic ac}ds 84a and 84b with diazomethane in mild
conditions led to d%composition 1ibera£%pg the corresponding

pyrroles %'  Fyrthermore, the reaction‘§etween DMAD. and

N-carbomethoxypyrrole'!’’ hdd been catalyzed by a Lewis acid,

R AT

aluminum trichloride, resulting in ' a much higher yield of the

ey

desired adduct under the right conditions®® than any other -

rea .
eril A - :
. | "“-%
I
' COON’
, ¥ Lo e
COOH
gy
K . '(84a) Re=CH,Ph .
(84b) R=COOMe
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o All of our preliminary attempts to condense methyi

-

B-nitroacrylate with N-carbomethoxypyrrole met with failure. No
reaction occurred even when the pyrrole was hea:;d six hours
in tolugne with excess dienophile. Reactions cafalyzeq by alum-
" inum trichloride led to an intractable mixture of products.
Accordingly, several approaches were envisioned
wherein the key intermediate would be the symmetrical digster‘
gﬁ.’lt was hoped that this compound could be obtained by hydtoxy—
lation and protection of the Diels-Alder adduct 85, and tha; it
could be converted to a diketoester 87 or an a-ketoacid a-keto-
ester 88. Ideally, an oxidative decarbox}lation of 88 would léaq
to an acid o-ketoester or an-‘aldehyde a-ketoester, and these two
could then be converted to compounds similar to ketoester 78 or

}

anhydroallose 79 by methods developed in our laboratories®’!°8s109,

¥

} o8 '\

o COOCH, COOCH,
4 ,
c . - il

/
COOCH,

. 0OCH,

(86) : 6 (85)
F—\/ x
.\ o ® H,co0¢ X coOR
)r i’%“:coon . o o
o J=coocH, /
Pl
L , ,

(88) R=H

B N



. b. N-Carbomethoxy—7—azabicyclo(2.%.l)norborn-Z-enes o

The most readily available precursor to a molecule of
type 86 was N-carbomethoxy-?-azanorbornadie:; 89, prepared in
90% yield by a Diels-Alder reaction of DMAD and N-carbomethoxy-
pyrrole catalyzed by five equivalegts of aluminum trichloride®®.

| Hydroxylation of this deuct with a catalytic amount of osmium
tetroxide in the presence of 30% hydrogen peroxide !!'? produced
é low yield of crude diol 9. This was converted to its oily

,isopropylidene derivative 91 with Z,Z-dimetﬁbxypropane, acetone

and p-toiuenésulphonic acid in 23% overall yield based on 49.

COOCH, - GOOCH,
COOCH, ' OOCH, s
OOCH, OCH,
' (89) » (90) R=H
’ (92) RR=C(CH,),

N
-

The exo-cis stereochemistry of the diol and its

acetonide was substantiated by the p.m.r. of 91, which showed
L}

a singlet for protans Ha and Hy, as well as a singlet for HC

and H Thus, no coupling was observed between H, and Hc, nor

i
between Hb and Hd. In 91, the dihedral angle between Ha.ghd HC

or Hb and Hd is estimated to be abouE 80-90° from a consideration
of molecular models, whereas if Ha and Hb were exo-protons (91a),

the angle w?hld be about 30-40°. Thus, ignoring neighboring group
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MeO,
b on
MeO,C "ﬁ
MeO,C -
(91) RR--C(CH%)2 (91a) RR--C(CH..S)Z

electronegativity effects!!! , the Karplus curve '!? predicts veryq>
weak or nogexisiant coup}ing in 91 between Ha and Hc, but a coup-
ling constant of about 7 Hz for structure 9la. Since H, and Hy
appear as a singlet,,the exo-cig stereochemistry of 91 is con-
firmed. In fact, the p.m.r. spectra of other 7-azabicyclo(2.2.1)-
heptane derivatives!'® exhibit virtually no spin-spin coupling
between the bridgehead protons and endo protons at C-2 and C-3

(J<1 Hz), indicating that the dih?dral angle between the C-H
bonds is usually about 80° in slch Fompounds."The observable
' coupling of exo-protons at C-2 and C-3 with H_. and Hy however,

has proved very useful for the assignment of exo or endo stereo-
chemistry‘li”i“. The same situation applies to bicyclo(2.2.1)- ~
heptane !5, 7-thiabicyclo(2.2.1)heptane?!® and 7-oxabicyclo(2.2.1)-
heptane!!’ derivatives, which clearly have very similar geometry..
Since the hydroxylation proceeds via a cyclic osmate

ester of the diol!!®, steric considerations for this intermediate

strongly suggested that the hydroxylated compounds had the exo-cis

qconfiguratign, since there should be less interference between
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the osmium tetroxide\and the nitrogen bridge than between the
reagent and the two carbon bridge. Furthermore, this argument
seems to be valid when other substituents are attached to the
nitrpgeﬁ, since Ha and Hb will appear as a singlet when the
substituent is the acetyl or even the bulky tosyl group.

When 91 was ozonized at 278% and the ozonide reduced
at low temperature with dimethyl sulphide!!® in an attempt to
produce a diketoester of type 87, a complex mixture of products
was obtained. Similar\attemﬁts to oxidize 91 with ruthenium
dioxidé - sodium periodate!?’ led to several products. The
ozonide of 91 was unstable and-showed broad peaks in its p.m.r.
spectrum even when fresﬁly prepared. Thus, it was decided to
investigate a similar approach with other nitrogen-protecting
groupsf in the hope that one could be found t?at would confer
stability to the bicyclic system during the oxidation steps.

Hence, the electron-withdrawing acetyl group was
investigated, as well as the very stable, bulky p-toluenesul-

\
phonyl (tosyl) group. |

c. N-Acety1L7-azabicyclo(2.2.1)norborn-2-enes

The N-acety] adduct 92 was prepared in a manner analogous
to that used to produce fhe'N-carbomethoxy derivative 89. The
highest yield (65%) was obtained when equimolar amounts of N-acetyl
pyrrole '?! and DMAD were reacted in methylene chloride in the

presence of a fivefold excess of aluminum trichloride. A 10%

' /
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yield of the;Q-substituted pyrrole 93 was also obtained. The

TR

latter is believed to be formed from a Michael type addition !??

a3

and compounds like it have commonly been isolated from both

S

thermal reactions ®3’?%2123 354 catalyzed reactions?® of other

pyrroles with acetylenedicarboxylic acid-Qr DMAD. Our products

\

b
E
H
S
¢
1
'
H

were completely purified by chromatography on silica gel, and
the stereochemistry of side product 93 was determined from its
p.m.r, spectrum*.’A fuller discussion will be presenged when
discussing the side product obtained when %he substituent on

N\
the nitrogen is the tosyl group.

|

QOCH, CO,CH,
Ng 7\
" COOCH, N
b
_0005% %
W COOCH,
H: I

i

s
(92) F (93)

The p.m.r. of adduct 92 did not display the typical

coupling of the bridgehead protons with the vinylic protons

S0

noted in normal 7-azabicycio@2.2.1)heptédienes containing iden-

tical substituents at C-2 and C-3. Instead of two 2H-triplets -

expected from‘a degenerate AZX2 system, protons HC and H, of A

d
52 displayed two equal intensity signals in deuteriochloroform

at 5.60 and 5.78 p.p.m., and a multiplet resembling a quartet

N - -

L

at 5.55 in carbon tetrachloride; Ha and Hb displayed a broad

e

s

(:) * Prinzbach et al*?® could only obtain a semi- pure Diels-Alder
adduct 92 in 45% yield from a thermally catalyzed reaction
using a twentyfold excess of DMAD. -

o s
g
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‘ COCH, |
\ \
¥ | H COOCH
. \
~ wZ " "COOCH, \
P )
‘a (92) |

\
n g
v mulfiplet in each solvent at approximately 7.2 p.p.m. These

absorptions are well downfield of usual bridgehead proton reso-

¥

nances?®?, and are a result of restricted rotation about the

N-CO bond!?*, which makes hydrogen atoms H_. and Hy nonequivalent.

v

From the coalescence temperature !2°

a nqerI amide rotational:
barrier was determined, and in ﬁéct 92 displays a normal amide
absorption aft 1685-1690 em™! in its i.r. spectrum.
Hydroxylation of 92 with osmium tetroxide - hydrogen
peroxide afforded a poor yield of crude didl 94. This was con-
verted to its crystalline diacetate 95a in 25% overall yield,

/

and to its oily isopropylidene derivative 95b

in 20% yield. In
all cases a substantial amount (20%) of the retro Diels-Alder
product, 3,4- -dicarbomethoxy-N- -acetylpyrrole (96), was isolated
from the%?ydroxylatlon step. A reaction temperature of 5°

» lowered this yield 'by about 5%. Similar products, such as 3,4-
dicarbomethoxy-N-carbomethoxypyrrole (96a) and the N-tosylpyrrole
96b, have routinely been ébtained from the thermal decomposition

)
<» of the corresponding adducts?®’1%7, -
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OCH,
\ H,CO COOCH,
R COOCH,
" I
OOCH, N
R
k )
(94) R=H . (96) R=COCH, -
(95a) R=COCH, (96a) R= COOMe
(95b) RR-C(CH:,,)2 (96b) R=tosyl

Unfortunately, attempted oxidations of either 95a or

95b with either ozone or ruthenium tetroxide led to multiple

products. The N-acetyl singlet in the p.m.r. was converted to

\

several smaller %eaks, indicating that the oxidation of the

N-acetyl moiety had occurred.

1

d. The phenaquSuiphonamido protecting group .

Another N-protecting group which is easily attached

to and removed (Zn, CH;COOH, H*) from amines!3?? was investigated:

the phenacylsulphonamido function. Phenacylsulphonyl chloride 98

was prepared from its acid 97'%® and reacted with one equivalent

) @—ﬁ-—cu,-so,-x
o )

(87) X=0OH
(98) X=C1

N VNGRS
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~ chloride 98 with potassium pyrrole led to a low yield of
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of pyrroie and 1.5 equiva%enté.of triethylamine at -40° in
methylene chloride. The crystalline product obtained in 20%

yield was not the expected N-phenacylsulphonylpyrrole however,
but the 3-substituted pyrrole 99. Modifications of this procedure

did not change the result of this reaction. Reactions of the

several products. The unusual substitution at the 3 position
of pyrrole was perhaps due to the high reactivity of phenac}l-

sulphonyl chloride 98,

OpoenlT

]
o]

A\

. (99)

A

The- structure of 99 was confirmed by the presence of
1

j
a strong band at 3350 cm~

\

in the i.r. spectrum, indicating a
|
N-H, and a typical p.m.r. pattern for a 3-substituted

free pyrrole
pyrrole: an exchangeable (DZO) proton at about 7.6 p.p.m., and
one-proton multiplets at 6.18, 6.67 and 7.00. 3—n-Proﬁy1 pyrrole
‘displays an exchangeable proton at about 7.8, and one-broton
‘multiplets at 6.13, 6.55 and 6.7013", X
~ !

e. p-Toluenesulphonami&o-7-azaBicyclo(2.2.l)nofborn-z-enes
\

Potassium pyrrole !2® was reacted with p-toluenesul-
©
phonyl chloride at room temperature, producing N-(p-toluenesul-

phonyl)pyrrole (200) in 55% yield. The latter was condensed with

\

e

5
i
i
|
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~of the two products. Unfortunately, the products could not be /

excess DMAD to give a 30% yield of the Diels-Alder adduct 101°%,
Alternately, several attempts were made to carry out an ;luminum
trichloride, - catalyzed cycloaddition with equimolar amounts

of addends and varying amounts of catalyst. The highest yield

of the desired adduct was obtained when a fivefold excess of
AlCl3 was used: 60% adduct and 40% Z—Substituged pyrrole 102.

A 3:1 A1C13:addends rétio'afforded 102 almost excluéively in

|
ofer 80% yield; a 7:1 ratio yielded roughly equivalent amounts

separated easily from each other: fractional crystallizations
failed, and separation by chromatography was difficult because
the R; values were almost coincident. Cohplete separation couyld
only be accomplished on a smaller scale by preparative t.l.c.
(p.l.c.). Thus, for large scale preparations the thermally cat-
alyzed reaction®® was lsed, and the non-reacted addends were

recovered off the column used for the work-up and recycled.

@ CH, | /N co:cn,
N i a

AR 0 A

' L iy 0,CH
~ °=s=o °= s = o H 3 _‘*
O=?=O
; COLH,
CH,
CO,CH, 3
(100) l (102)
(101)
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The structure of 102, like that of 93, was determined
from its p.m.r. spectrum. The most revealing proton was H_;
this olefinic proton displayed a singlet at § 7.33 (102) and
8§ 6.93 (93) p.p.m. respectively. The chemical shif£ for this
protoﬂ was 6.96 when R =COOMe (103)°*, and in dimethyl fumarate
it displayed a singlet at 6.86. Conversely, in dimethyl maleate
it appeare&\at 6.16 and in 104°® at 6.36. The p.m.r. spectra of

our side products clearly indicated that their structures were

those of fumarates 93 and 102.

OOCH;, /) 0,CH,
[ ]
COOCH, N He { N\ CO,CH,
| 0,CH,
00CH, R $o,cm COCH,
. ! ]
. (89) (93) R= COCH, (104)

(102) R=tosyl
" (103) R=COOMe -

The stereochemistry of 93 and 102 could be\predicted
from the work of Bansal et aZ®®. In their experiments involving
the A1C13-cata1yzed addition of DMAD to N-carbomethoxypyrrole, '
when fhe A1C13:addends ratio was 1:1, a higher reaction temper-
ature (400) favoured the synthesis of the Diels-Alder adduct 89
and inhibited side reactions producing fgmarate 103 and maleate
104. A threefold increase in the AlCl, céncentration not only

raised the yield of adduct 89 from 54 to 76% but also caused

-
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total isomerization of maleate 104 to fumara%e\lgg. When the
ratio was 5:1, the yield of 89 was about 90%. Independent
experiments established'tth gng§&3 isomerized to fumarate 103
but that neither compound was interconvertible with the adduct .89 .
in the presence of A1C13. Thus it was expected that a fivefold
excess of AlCl3 and 4 reaction temperature of 40° in the present
work would lead only to fumarate side products. Furthermore,
fumarates are usually the major 2-substituted pyrrole side
products in thermally catalyzed reactions.

The adduct 101 was hydroxylated in the usual manner
to diol 105, and the crude product was converted to the crystalline
acetonide 106a in over 50% overall yield. The diol was also

characterized as its diacetate 106b. This was by far the easiest

and most productive conversion of a Diels-Alder adduct to a

protected exo-cis diol. - 3

1

.
N (105) R=H

2
‘ 106b) R=COCH
CO,CH, (106b) 3

The first attempts to oxidize the olefinic diesters
108a and 106b. to a diketoester with ozone met with failure,

because both starting materials proved to be completely inert

\
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to .electrophilic attack by 03‘at low tempé%atures. No reaction
occurred until the temperature for the ozonolysis was raised
above 0°; even then, prolonged treatment afforded some unreacted
material plus a mixture of other products, probably due to
oxidation of the aromatic moiety. The olefinic absorption at

1650 cm™}

in the i.r. spectrum was especially useful for
following the reactions.

The double bond in I06a and 106b was clearly unreac-
tive towards electrophilic attack because of deactivation due
to delocalization of its electron density onto the carbometﬁoxy
groups, gnd possibly steric interference from the bulky tosyl
group. Fortunately however, léﬁi reacted sm%bthly with ruthenium
~tetroxide, a powerful oxidant, generated by the action of sodium
periodate on ruthenium dioxide in an acetone - water solvent
system at room temperature'2?’, The diester was converted cleanly
to the diketoester hydrate 107 in over 50% yield. The latter
was a powder which could be recrystallized from methylene chlo;ide—
carbon t;trachloride, but its p.m.r. spectrum (fig. 1) showed
a sharp singlet exchangeable with DZO a§ 4 .50 p.p.m. Dupliéate’
;nalyses confirmed the presence of one mblecule of water in the
solid. This 'water of hydration?! could not be removed from the
compound even with prolonged heating at 50° in vacuo. Furthermore,
because of the simplicity of the 'p.m.r. spectrum, the product ’
probably existed in the form shown on the next page (107a)

wherein the two hydroxyl groups display the exo-cis stereochem-

istry which would result in a more stable conformation than if

-
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(107) o
R | H,c00C~1-~0 COOR :
' T ‘\l *
T (207a) R=CHq4 ‘
= (109) R=H
(isomeric
mixpure)

/ fo

the carbomethoxy groups were exo-cis. The latter arrangement
ébuld ge unstable due to the large, destabilizing 1,3-diaxial
interaction between the two carbomethoxx groups in the\gix-
membered morpholine ring. This conclusion is similar to'that
reached by Martel!’® for a closely reiatedobicyclic system\(lgg).
/

H

COOCH; .

N—NH@NH,

H, ’

(108)

Selective hydrolysis of 707 with one equivalent of
sodium hydroxide in TH? - water afforded the solid acid-ester
109 in 60% yield. Again the analysis and spectral data indicated

1

thei _presence of one molecule of water tied up in the solid
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n

product. Thus an important intermediate for our final steps had

been produced. 2 ~

!
I

The reverse sequence .leading to 109, namely selective
, &
hydrolysigiof unsaturated diester 106a tp acid-ester 110 and

subsequent -oxidation, was not successful. The hydrdlysis did

N

proceed smoothly to the unsaturated acid-ester 110 in 70% yield,

~ (V/ 3 3 - - - . ' N
“‘but all oxidations with ruthenium tftrox1de gave intractable

>

products. 4

AN
NaOH to prevent the pH of the reaction from dr%pping too low
and &estroying the isopropylidene group, with subsequent cleavage
of the resukting diol. But all oxidations yielded a poor recovery

of a mixture ;}\ac1d1c ‘compounds . .
\

Y " R ! ’

(106a) R-CH3

% /\’° O:R (110) R=H
- ° CO;CH,
/ : .
] o - ‘\>-\\ % .

"The p.m.r. spectrum of 110 in aEEZBEE?dg\displayed

several interesting absorpfions (fig. 2), the most notable of

which was a broad §cid proton peak at about 6.4 p.p.m. This can

-\\

only be" gcco&%&ed for by assuming that the carboxyllc acid
hydroxyl of 110 attacks the nelghborlng methyl ester and forms

a stable ?rthoester-type adduct 1I0a in a very polar solvent,

, @Wx v%

g ) X
£y Badeegs N ey, -,
s ity X B B

The oxidations were all buffered to pH 6-7 with KH,PO, -
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since in deuteriochloroform 110 exhibited a normal broad acid
absorption at 9.1 p.p.m. Two 'quartets' representing the bridge-
head protons and the endo hydrogens at C-5 and C-6 were also

present.
) [

Tas

. Y

HO OCH, " /

(110a) ' .

4 ;
The crucial step, oxidaz{ve decarboxylation of 109,

could not beiaccomplished cleanly. Attempted reactions with

-lead tetraacetate in aﬁetic acid and water!?? led to a mixture

of products. This reagent is the preferred oxidant for thydroxy
acids, and it is known to cleave a-ketoacids effectively in

the presence of protic solvents. The p.m.r. spectra of our

crude products showed that the acid-sensitive isopropylidene
group of 109 was not destroyed, but the rest of the absorption
pattern was complicated, and t.l.c. showed several prJducts.
Reaction with benzoic anhydride and pyridine, reagent; Teportedly
able to decarboxylate a-ketoacids!?® to aldehydes under mild
cond@tions, did not yield any aldehydic products. This indicates

that the ketoacid 108 (p.42) was not formed even under these dehyd-

rating conditions. A final attempt to decarboxylate 109 with
hia N

p ~ )

ar
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N

sodium periodate in an acetone - acetic acid - water solvent
1

system!?? | a method which had been successfyl with a-hydroxy

acids, also yielded an intractable mixture.

Since all attempts to decarboxylate 109.smoothly were

not successful, it was decided to try to reduce the acid func-
: & ;

tion of 110, protect the resulting alcohol, and oxidize the

olefin to the ketoester 111 or its hydrate. We hoped to cleave

the deprotected a-hydroxy ketone to an acid, and hence produce

an acid ketoester.

\ Tes RO, Tos cocH,
o) CO.H "0 N 0
O,CH,
(110) \ ‘ (111)

N
N
.

‘ HoweVer, reduction of 119 with borane - tetrahydro-
furan<ﬁ; reagent that reacts very quickly and selectively with

most acids!®®, led exclusively to redug;ion/6?:the electron-

_deficient olefinic linkage. A fiear quantitative yield of a
4 R T

mixture of acids 172 and 113 was obtained upon work-up with

water and methanol. Of course, this type of reduction was not

unexpected, but it was hoped that some normal réduction of the

acid «to an alcohol would occur. ”

A\
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!
N
Tos s
Q d e ‘ d ¢
0. CO,R CO,R
COsCH, 1 b,
1 CO,CH,
|
(112) R=H, m.p. 109-113° ~  (113) R=H, m.p. 57-61°
(114) R=CH,4 " (115) R-C'H3 .

The stereochemistry of the two products was determined

from their p.m.r. spectra and those of their methyl esters 114 'i
and 11§, which were obtained by methyfatién with etheral diazo- é
methane. To begin with, there are pronounced differences in the %
multiplicity of the signaﬁs arising from an endo protoﬁ or an %
exo proton at C<2 or C-3. As mentioned previously, there is a b;
dihedral angle of about 80° between a:bridgehead proton and an ‘%
endo proton at C-2Z or C-3. Also, an angle of about 120° exists g
between protons b and ¢ when they are trans, whereas\ﬁhen they %
are cis it becomes almost 0°, Again ignoring the small influence Z
of;a neighboring electronegative atom on the coupling constant j%

of vicinally coupled protons!!!, the Karplus curve!!? predicts
y coupled p P

the following poésion angle dependent coupling constants:

s x . | =
Ja-b1 0 Hz, Ja-bz 7 Hz, Jc__b1 5 Hz, J by 10 Hz and

- = 7 Hz.

J&-c
Hence one would expect a doublet (Jc_bl = 5 Hz) for endo proton

b1 of a "trans structure, and a broad triplgt (JC_bl = 5 Hz, Jﬁ—c =7 Hz)
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for its proton c. \

. Furthermore, in a trans structure there is a consider-
able difference in chemical shifts between an endo and an exo
proton. This is due mainly to the deshielding effect of the 7-
nitrogen and its protecting group on the' latter hydrogen with
respect to its effect oﬁ the former. For example, the difference

between the exo and endo prdton at C-2,and C-3 respectively in

113 . |

116 was 0.55 p.p.m. § 3.5 p.p.m, vs. § 3.00 p.p.m.

‘ The trans stereochemistry of the minor acid product
112 (30% yield) was easily determined from the presence of an
endo proton doublet (J =6 Hz) at § 2.97 p.p.m. in deuteriochloro-
form (3.53 in pyridine-dsj{ and an exo proton multiplet at 3.93
(a triplet with J=~6 Hz at 4.43 in pyridine-ds). The positions
and multiplicities of other peaks in the spectra were consistent
with the tra#s structure. The en@o-cis structure of the major
product 113 (65% yield) was similarly established by the absence
of any endo proton absdiption in its p.m.r. spectrum. FrotOps

b2 and ¢ appeared as a two proton multiplet at 3.47 p.p.m. in
113 (acetone-d6) and at about 3.7 in 11§ (deuteriochloroform).
The ;cid peak appeared at 6.9 p.p.m. in acetone-d6, and this
indicated that the acid-ester actually existed in the closed
form 113a in a polar solvent., Also, a comparison of the p.m.r.
spectra of 112 and 114 in pyridine-d5 showed that the newly
formed carbomethoxy methyl group appeared slightly upfield with

respect to the original ester function (3.66 vs. 3.80 p.p.m.).
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Rv COOCH ' |

3
H X ¢

COOCH, ‘HO%och,

(2116) (113a)

|

!These absorptions were similar to those of 116, wherein the two
carbomethoxy methyls appeared at 3.61 and 3.70 p.p.m. in deuter-

113

iochloroform This clearly indicated that the acid function-

ality of 112 was in the ende orientation. A clear explanation
of the reduction mechanism is not yet available. A

No dttempt was made to oxidatively decarboxylate the
trans acid 112 with lead tetraacetate - iodine and then dehydro-
iodinate the resulting iodo ester with DBU to an unsaturated
ester of type 77 (p. 26), since Martel®*?’!°? reported that the
desired ester 77a was produced in low yield from ;n analogous
transoid éystem.

The deactivation of the COOR groups attached to the

olefinic bond towards'reduction was further demonstrated when .

an attempt was made to reduce the diester functions of 106a with

- / - - L3 - -
lithium aluminum monoethoxide hydride!®! to an unsaturated .diol.
: \ ’
The reagent is. generally utilized for reductions of conjugated

esters where saturation of the ethylenic link is a complicating

AN
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S

(:' factor.

In the present work, e&tended reaction times and excess reagent

AR

It converts unsaturated esters to primary allylic alcohols.

e Oy e

still afforded a substantial amount of unreacted 106a together ‘

with a mixture of products.

sk

o regonex

Tos

\
)go COOCH, /

COOCH, /

(106a)

RN ARG S PG 8 STB L
=y

y 1
In conclusion, since no clean decarboxylations could
be carried out, and because in general the yields iH all these

attempts were poor, it was obvious that attempts utilizing the

v

Diels-Alder reactions of substituted rr%ihs with DMAD would

e
. =
4% B A

I s TR TP

. \ - .
have to give way to a more productive, straightforward approach.

The whole general approach involving 7-azabicyclo(2.2,1)hepta-

dienes was unsatisfactory, so a different bicyclic system was
sought as the starting point for the synthesis of azacyclic C-

nucleoside analogues.

R L P Tor

f. Summary and Conclusion

N The aluminum trichloride - catalyzed Diels;Alder

(:) reactions of N-substituted pyrroles with démethyl acetylene-

o T T Y
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"dicarboxylate seem to be generally more useful than the corre-

- inated.
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N -so-

sponding thermally - catalyzed reactions. Lewis acids cause ‘
an enormous increase in the rate of adduct formation, thereby
pﬁgyitting the use of lower temperatures and shorter reaction
times. The addends and adduct have been shown to complex with
Lewis acids!®®, and the formation of the adduct is irreversible,
in contrast to thermal reactions, due to the formation of a
strong adduct - Lewis acid complex. The catalyst may also deacti-
vate the pyrrole ring to-electrophiles while enhancing its
reactivity as a diene!®®, Thus, by the use of AlCl;, the low
yield of 7-azanorbornadienes reported by Pfinzbach et al’® can
be improved considerably, mainly because the complications of

a thermally - catalyzed reaction (high reaction temperatures

»

for long periods, retro Diels-Alder reactions, etc.) are elim-
\ A

The toluenesulphonamido protecting group proved to
be the most stable of the three investigated towéfd§ hydroxyla-
tion and oxidation, and it had the added advantage of producing

N

crystalline products. However, even when the tosyl group was

7
9
*
5
3
%
%
Sul
“E
14
A4
o

cit

attached to the nitrogen bridge, the yields of all the important

2

reactions were below 70%. Even so, the main complication pre-

e 4
‘%; ghics

venting the clean formation of an acid ketoester was the presence
of a water molecule bonded in the very heart of the reacting,
species.‘Clearly, a novel approach towards the synthesis. of g

o

azabicyclic C-nucleosides was required. 4
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Chapter 3 \

. N
Synthesis of a Key Intermediate for the Production of

Azacyclic C-Nucleosides

L]

a. Introduction

b A bicyclic system very closely related to the azabi-

cyclo(%.Z.l)hept-Z-ene structure is tﬁe a;abicyclo(SlZ.l"s)-

octane skeleton. The ezo-cis diol of tropinone, teloidinone

Y

(glé), had been synthesized by a modified Robinson tropane syn-
thesis'¥7213% from meso-tartaraldehyde 1_1, acetonedicarboxylic
acid 118 and methylamine in connection with other work on

tropane alkaloids. Such a gompound seemed well suited forIOur'

purposes of synthesizing a key bicyclic intermediate for the

production of azacyclic C-nucleosides. The desired exo-cis diol

‘moiety was built in, and 119 could be produced readily from

inexpensive reagents. We hoped to convert the basic, symmetrical

H
Ho =0 ) COOH
. =0
H f==° COOH
H ) ‘
(218)
(217)
\
\

\
! N

)
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ketone structure of 119 to a nonsymmetrical intermediate such

)

Py

as a lactone or an a-diketone. Once this differentiation had

’% been accomplished; the bicyclic system could be ruptured to
r
¢ produce potentially useful products such as 120 (from the
%. _ lactone) or 122 (via oxidative opening of the diketone enolate
)
'i 121). '
X
‘ v / X coor
! H HoO. |
- CH, .
&
COOR' OR
(120) - l ‘ ,
X
\
RO ) —
OR'
(121) : ‘ (122)

Compound 122 is an aldehyde a-ketoester, one of the
<+
desired, elusive products that we.could not obtain from aza-
bicyclo(2.2.1)hept-2-enes. Also, ester 120 could be useful for

synthesizing another important intermediate, an a-ketoester.

Several other possibilities existed wherein teloidinoae 119
could b; transformed to useful intermediates, all based on the
reactive, versatile ﬁature of its ketonic function. It was thus
chosen as the starting point for our second general approach

towards azacyclic C-nucleoside analogues. !

\
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b. 7-Azabicyclo(3.2.1'?%)octane Derivatives

The synthesis of teloidinone as effeFted by Sheehan
and Bloom?!?’ iﬁvo}ved the condensation of acetonedicarboxylic
acid 118, methylamine and meso-tartaraldehyde 117 at pH 5.2.

The dialdehyde was prepared by acid hydrolysis of its cyclic

‘acetal, ete-3,4-dihydroxy-2,5-dimethoxytetrahydrofuran (12¢),

which in turn was produced by hydroxylatigp of 2,5-dimethoxy-
2,5-dihydrofuran 123 with potassium permaﬁganate. While

following th%s scheme, we have made several improvements. To
bégiq with, the tedious hydroxylation procedure has been replaced
by a very simple, straightforward modification of the method

used by Gagnaire and Vottero'®?, affording the mixture of diols
124 in 43% yield. This mixture was characterized as the diacetate
125, m.p. 9ofzp, the p.m.T. spectrum of which displayed a six
proton singlet for the acetate methyls at § 2.09 p.b.m., a

second six proton singlet at 3.46 for the methoxy groups, and

/""‘u .
OMe ' OMe ’
2
10 | ‘
RO~ .
OMe OMe
(12¢) R=H 1\ (123)

(225) R-COCHS

/ )

.
o —————NN
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< 1s not important, because once the methyl acetal structure is
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/
two two-proton multiplets at 5.14 and 5.24 p.p.m. It also gave
a satisfactory elemental analysis. The conditions for acid
hydrolysis of acexa} 12¢ with hydrochloric acid, and subsequent
Robinson synthesis in a pH 5 aqueous buffer, were not altered
substantially. However, the extended conltinuous extraction

1375138 ,1sed for the isolation off teloidinone was re-

technique
placed by an extractive technique that afforded virtually the
saﬁe yield of product in a considerably sHorter time period.
Recrystallized teloidinone, of suffici¢nt purity for the next
step, wds recovered in over 40% yield. /

The stereochemiséry at C-2 and C-5 of the acetal 1234

o~
hydrolyzed, the resulting dialdehyde is a symmetrical compound.

However, the exo-cis diol stereochemistry of teloidinone 119

is essential, and it has been confirmed, that when the condensa-
tion is efﬁgcﬂed under 'simulated physiglogical conditions' 1377138
as in the present work, teloidinone is the sole product isolated,

No trace of the other possible isdmér, also a meso form, was

detected. The definitive proof for the stereochemigtry of 119 \

;
3
1

5

B
&
3

was its conversion to teloidine 126'®, tropan-3a,68,78-triol*,

Since 126 formed a lactone salt with ethyl iodoacetate'"? whose

chloride 127 resisted periodate oxidation, and any tropane
formed from meso-tartaraldehyde must have cis-oriented groups,

teloidine was thus a 68,78-tropandiol. ) t

* According to convention!*®’!*! = the functional groups cis to

the N-methyl bridge are designated as B, while the trans ones
are designated as a, as in steroids. Thus teloidinone is 68,78-
dihydroxy tropan-3-one,
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Our p.m.r. spectrum of teloidinone produced further

proof of this” exo stéreochemistry: the 6a, 7a protons disﬁlayed

N a two proton singlet, reminisceﬂt of the endo C-S,\C-6 protons
' of azabicyclo(2.2.1)hépt-2-enes. A similar“stereochemiéal explan-
ation of the weak or noﬂex}stant coupling between the 6o, 7a
i proténs and the bridgehead protons led us to conclude that the
C~6 and C-7 hydrogens in teloidinone (llg) are indeed in the
engo, or”a, orientation. This stereochemistry is of course

v

expected in view of“theafact that o (endo~cig) hydroxyl groups
/ :

would be subject to considerable steric interference from the

six-membered piperidone ring of teloidinone in its favoured
chair conformation. ' 1 T

° >
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%I,(: . _', Because of their simplicity, Rohinson-t?ﬁe syntheseg
s have beeh utilizeé§§n a majority of known attempts to synthe-
; . size various (tropane alkaloids. A mare recent synthesis employed N
| the ie;% nonacarbonyl pfomoééd“cyclocoupling reaétién between , 1}1
a,a,a',a'-tetfebromoacetone and g}carbomethorypyf}ole to even-

7

L tually produce 128 in approximately 60% yield based on the

PRy

pyrrole!*?® . While this approach seemed to be more fruitful than
. ) ] PR ( ,
- ’ |

e kT E % et mrkiadaly

* S \ ' OOCH,

(128) . L

T s

. .
- ;
.

the c1a§s1ca1 procedure, in +our han?s the yleld\of the cyclo—
addltlon was lower than reported. Furthermore, the next requlred ’

step, hydroxylation of 128 to an exo-cis dlol, did not seem very

o

attractive due to the generally low yields of such conversions
. . ¥ o

,' (Chapter 2). Overall-then, it seemed that the older technique
e - ’ . -, . [

‘was more applicable in our case, since the required stereo~- - [

'chemistfy was already present in the initial product; whereas

- >
X ~ 128 would probably afford only a fair y1e1d of dlol

Teloldlnone was converted to 1ts highly crystalllne ~ :

1

* 1

isopropylidene derivative 129 w{th acetone and concentrated

»
. . x
J (} ‘ TN . . - ¢ - ‘ ' { 3
Lol . f . | v
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hydrochloric acid in 90% yield by a Sllght modification of the
known procedure’** ., The p.m.r. spectrum of both this acetonlde

(fig. 3) and teloidinone displayed a singlet for the tertiary s

l\./)
NRWCIAE . THD, SRR T Y DT WMV T PN

© 6ba, Zg protons, and a multiplet for the four protons chkbsest

Lt

to the ketone that is typical of the N-methyl azabicyclo(3.2.1'’%)-

Cove e

octan-3-one system. These comgounds exhibit a four proton mult-
iplét from § 2.0 to 2.9 p.p.m. that resembles very closely an
‘%AB quartet (fig. 3). The upper field 'douhlet' at 2.34 and 2.06

‘p.p.m. represents the more shielded a protons at C-2 and C-4,

and the large separation between tﬁese broad singlets is due c
to- gem1na1 coupllng between the a .and B protons. The lower 4
field ‘doublet’ represent1ng/the two B pkptons that are deshlelded \
by the nltrogén‘brldge, is further split by the bridgehead pro- ~ v;
‘tons. Observable cgupling‘ogcurs only between bridgehead protons

and B-oriented protons due to geometrical consid;rqtions;

virtually no coupling is expected with a~-oriented protons.

P N

o At thid point, it was decided 'that the oxidation-prone
.f\ -~ ”
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(: N-methyl group would have to be replaced by one that would be
stable to acid, base and oxidation in order for the sequence we
had in mind to succeed. A good choice seemed to be an N-carb-
alkoxy group, which was stable to the dforémentioned conditions.

h For example, it was known that N-methyl{tertiary amines could
ﬁ be converted to N-carbethoxy urethanes (I.e. carbamates) with
ethyl chloroformate!*S?146s1472148 = 414 it had been reported that

; such groups were reducible by lithium aluminum hydride to the

\ original amines!*® | or wete converted to the free secondary

amines under strong alkaline!*7’!*® or milder acid!*®® conditions.

Several benzyl'*®, phenyl!*®*!*7+1%8 and4 2,2 ,2-trichloroethyl*?

carbamates have also been reported. These can be cleaved under

milder, more selective conditions. |

Since we did not want to place too bulky a group on
the nitrogen bridge for our initial studies, it was decided that
the\;maller members of the alkyl chloroformate family would be
us?§. When teloid&gone acetonide 129 was reacted in toluene with

a twentyfold excess of ethyl chloroformate in a modified von Braun

demethylation, an 85% yield of the crystalline ethyl urethane 130

was obtained. Its infrared spectrum clearly indicated the! presence

of a new urethane or carbamate carboxyl absorption at v 1705

1

C=0
, and the N-methyl

cm ~, very close to the ketone .peak at 1720 cm~
singlet in the p.m.r. spectrum of 129 was replaced by an ethyl
quartet -'triplet system at 8§ 4.15 and 1.27 p.p.m. respectively.

Although no reference was found in the literature

— A———— o e e e e e = e PR —
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pertaining to the analogous reaction with methyl chloroformate,

a similar reaction of the.acetonide at 90° Qith this reagent
produced a fair yield of methyl urethane 131, plus an unexpected
side product which began to precipitate out of solution almost
immediately upon warming the reagents. When the reaction was
carried out at a lower temperatur; (600), both conversions were
more sluggish, but a higher yield of urethane was produced. Under
optimum conditions, a fé% yield of 131 and a 15-20% yield of the
precipitate were obtained in a reasonable timejperiod.

N

»

(130) R=COOEt, m.p. 77-78°
N ' (131) R=COOMe, m.p. 123-123.5° d
' ~
|

The p.m.r. spectrum of the N-carbomethoxy derivative
131 displayed a three proton singlet é; 3.79 p.p.m. (NCOOCﬂz),
& broad two proton multiplet at 4.52 for the bridéehead protons,

i *

and a singlet at 4.47 for the C-6 and C-7 a protons. Also, the
four protons next to the carbonyl now appeared as a single broad
multiplet centered at 2.56 pip.m., very similatr to the spectrum
of the ethyl carbamate 130. The structure of this multiplet

differed from that of the N-methyl amine 129 because electron

N

7 v 3 v H o
R I TN 2 Lot i R N s A P FHC LRy
e vt T v'g&';}a B e e et 2SR BT [ o T B b
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] (: . density from the nitrogen is delocalized onto the urethane car-
bonyl. Hence the electron density of the non-bonded lone pair .

on the nitrogen of amine 729 is no longer present to cause ‘a

Ay

large difference in chemical shifts between the o and 8 protons

RN Al vt

: at C-2 and C-4. With thif deshielding effect gone, the four pro-
tons appear as a single broad multiplet. | ‘
; Both demethylations are quite different from the reac-

. \ -~
) tion of ethyl chloroformate with tropinone 132, which was reported

to produce the N-carbethoxy derivative smoothly in 95% yield'*®,

Tt

Obviously steric hindrance from the isopropylidene hroup caused

the reactions in the present woyk to proceed much more slowly,
' &
probably by interfering considerably with the formation of the .

)\\\’ o . g ]
- normal‘%ntermedlate salt for such demethylations (e.g. 133).

) *

A

c® , .
CHs o HG g, COOCH, - : .

R R P R S r T
Bl dased St e 2

Eol
P
R eSS

) (132) . { (133)

i
!

H
i
- 4

PR Ny

“

The nature of the side product produced concomitantly

r
with 1371 was difficult to establish. Its solubility in water
h— i
L *
indicated a salt structure, and a test with silver nitrate pro-
\l ' Ll
duced an almost equimolar weight of silver chloride. This 'same

) s
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(r test was just as.positive once the salt had been recrystallized
o3
from methanol - ether. Its p.m.r. spectrum (fig. 4) in DZO was

extremely similar to that of teloidinone acetonide (fig. 3),

% except for the presence of an extra three proton singlet. This

led us to suspect initially that it might be the chloride.133.

§ ) However, its infrared spectrum clearly showed the presence of

; a single, sharp carbonyl band at 1730 cm’l, most reasonably
assigned to a ketone: éence we suspected that this compound
might be the methochloride 134 . Micro-analytical data confirmed
this SQSpicion, but th® mass spectrum of 13¢ did not display
the expected molecular ion at m/e 261.5. Instead, a molecular

A\
N
ion at m/e 225, resulting from a Hoffman eliminﬁtion, appeared.

Xe .
. B .J 'HQC\ CH; v
! ' * :
’ (134) X=C1 \
\ (135) X=1 *
N Proof for this structure was obtained when 134 was
4 demethylated back to teloidinone acetonide 129 in very pobr yield

b2

with 1,5-diazabicyclo (2.2.2)octane in dimethylformamide!®! . Also,

the methiodide 135 was prepared from teloidinone acetonide and
189 : g

methyl iodide with difficulty; its i.r. and p.m.r. spectra were

|

similar to that of the methochloride 134,gand its mass spectrum

N
(j\ was identical to that of 134. Further proof was later produced
4 \
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Figure 4. P.n.r. spectrun of methochloride 134 in D;0 (external TMS) . Addition
of one drop of triflucroacetic scid shifts solvent absorptios (at, 4.7
p.p.m.) downfleld, revealing a broad doublet at 4.65 p.p.m.

- v

PO T PR TATLN-7 . POrraon)

Y T -Y 1= R § — T [' {v
T - ! - ! 'y N - R
e
- - ~ .
‘
- -
. N
A
o amtadand. i ', L - Loy .| A ]t | S ].'l
P—— PR | N | PR A PPN Y - - P PN
JI“M ~ ” - [N nnm s » " "




-62-

4
L2

when 134 was reacted with excess sodium sulphide (NaZS.QHZO) in
.ethanol - water to form the interesting 6a,7a—dihydroxy-0-i;o—
propylidene-8-thiatrgpan-3-one 136, a nicely crystalline com-
pound, in over %0% yield. The reversal in spereochemiftry.at Cc-6

and C-7 is easily explainable if one assumes that a double dis-

s e T T R A T R A DL e AT
5 . <

-

placement of the nitrogen bridge occurs, as shown below. Sodium
hydroxide is produced.in the aqueous medium, and probably iﬂiti-
ates the sequence of reactions by a B-elimination leading to the
o,8-unsaturated ketone 134a !*!, This is followed by attack by

HS , the presumed acfive nucleophile, from the less hindered a

|
L
F
&
;

side of the bicyclic system. Further'interactioﬂ as displayed

below converted the salt to 136.

!

|

ci® HC\N/CH
H @/CH3 . 3 3
v %HN!G
. __. __’
¥ .
J Hs® J
(134) ' z\ '
, | (. o
(134a) leou

mo

1

.
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The structure of 136 was confirmed by its p.m.r. spec-

{

- trum (fig. 5), which displayed several important differences

from the exo—acetonidés examined thus far. To begin with, the
two methyl peaks of the isopropylidene group now had almost the
same chemical shift, in marked contrast to previous cases (vié.
figs. 3 and 4). Also, thé tertiary protons at C-6 and C-7 now .
appeared as a quartet, probably due to coupling with the adja-
cent bridgehead protons plus longe; range coupling with the
opposite bridgehead protons, i.e. JE-GJLC—H = 2.5 Hz and JH4$£uH =
4 Hz! Finally, the four prqtoné closest to the carbonyl appeared
as a symmetric octet (2.413.2 p.p.m.), since both the a and B pro-
tons at C-2 and C-4 could couple with the bridgehead protons,
?s weg& as experience geminal coupling. .

It is not clear by what mechanism methochloride 134
was formed. Although analogdus methobromides have been isolated
from von Braun demethylations using cyanogen bromide?®?, it was

concluded that they arose simply by interaction of starting

o material with the methyl bromide produced as a byproduct. For

example, under the conditions used to demethylate tropane!®?, -
nearly half of it was converted to the quarternary salt 137, With

cocaine (138), demethylation was the predominant reaction, and

premmt e
-

i .
only some cocaine methobromide was formed!®* ? At first glance,
this does not seem to be the case in the present wérk, because
no methochloride was isolated in the reaction of teloidinone

acetonide with ethyl chloroformate, even though methyl chloride/

¢

)
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e 4 1
| Br - QH’
H; Hi CO,CH,
E . .
N ] 4 H( OCOC .H [y
) (137) ' ' )
(138) .

ﬁust also have been formed for the reaction touproceed to com- _

pletion. There seems to be no vglid reason why\the starting
material should react with methyl chloride in one case but not
in'another experimentally similar one,

L The most plausible explanation proQably involves the
alternate reaction b shown below wherein the chloride anion
attacks *the urethane methyl of the intermediate-133 in an Sn2
displacement ***, Carbon dioxide and methyl chloride are formed
concoﬁitaﬁfly in close proximity to the regenerated starting

mater®al, hence the two latter compounds might interact at this

* e .
/RO/CH h o ’ ‘
) RiNe P)b = R,NCH, + CHCl + CO, —> 134
. HC =
xS
a .

5 \l

S~ (233)

RO L baiag
. S &wlmaqfif?f%:"ilf ,'f‘.“;, ;.,,q‘;%“mfff{ 1‘;4
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stage. When ethyl chloroformate is used, however, this competi-
éive reaction is suppressed, and t?e chloride anion attacks the
N-methyl group of thé intérmediate 133 exclusively. Now, when
we attempted to produce the methochloriZe 134 by reacting tel-

oidinone acetonide 129 with methyl chloride, a very slow reac-

a

tion occurre® in warm benzene. It is clearly a slow process.
Accordingly, there is a strong possibility that path b may
actually be much faster than path a, but because of the sloy
interaction between starting material and methyl chloride, a
relatively minor amountrof chloride 13¢ was isolated. Thus,
while there is virtually no chance of starting material reacting
with the small amount of methyl chloride produced in one case,
there 1is ahple opportunity for it-to form the salt 134 in the

other case, because starting material and methyl chloride may

be continuously .generated at a rate faster than urethane form-

<

ation.

The temperature dependence of the product composition
may now be explained. As the temperature is raised, either the
rate of reaction between starting material and methyl chloride
is enhanced, or the rgte of p;th b is increased at a greater

rite than the competing path a. Hence ‘a gfeater yield of side

product is 'isoclated at a higher reaction temperature.

A . \
Attempts to Form an_a-Dikétone

Reactions of symmetrical, cyclic ketones with selenium

dioxide are known to afford fair .yields of a-diketdnes only

-
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|
(i when excess starting material is employed!3%. In our case, the
" attempted oxidation og N-carbomethoxyteloidinone acetonide (131)

to an a-diketone with selenium dioxide!®® in -dioxane - water

led to an intractable mixture.

b A AR YT ALY S

o 3 s "
o ey WWM

‘Another attempt to synthesize an a-diketone involved :
\

the formation of an a~hydroxy ketone and subsequent oxidation.

P Xt

The method of McKilldp et ai'®*® for converting ketones to their 3
¥ . .

a-hydroxy derivatives, involving the use of thallium trinitrate

R

trihydrate (TI(N03)3.3H20) and pitric acid in acetic acid, was !

BT e

¢ the mildest procedure. Thus the acid-labile isopropylidene group

NS oy

of N-carbomethoxyteloidinone acetonide (131) was converted to

©
ot
X-Zoglnd

the diacetate before it was subjected to hydroxylation. However,

>
ST e

some difficulty was encountered in this transformation. If an
1 i .
aqueous solution containing more than 60% trifluoroacetic-acid
1 . .
was used for the deprotection at a reaction temperature above
\ ]

70°, a substantial amount of a monotrifluoroacetyl derivative was.

formed together with the diol 139. This was isolated as the 68-

acetoxy-7s—trifluoroacetoxy—N-carbomethoxyteloidiﬁone (141) after

no%mal acetylation with pyridine’ and acetic anhydride. The i.r. o
_ Spectrum ‘of 141 %1sp1ayed a trlfluoroacetyl absorption at VC 0
~ 1800 cm 1, an acetyl pe;k at 1760, and both the urethane and .

ketone carbonyl bands at 1720 cmrl. Its p.m.r., spectrum éhowed By
NS . a single acetate resonance at § 2.07 p.p.m., and a‘'quartet ' E
for the chemlcally dlfferent protons at C-6 and C 7. The crys- ,

talline diacetate 140 was isolated as the major Product (60%

({? . yield) only when a more dilute acidic solution was used for the
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N ,
) . A
° (131) RR'—C(CH3)2 ?
(139) R=R'=H
' (140) R=R' -COCHS .
m.p. -156-159°
. \ (142) ’R-COﬂCHs, R! -COCF3
¢
{ A
r 3 ! . \
\ hydrolysis at a lower temperature. If we had required the di-
o acetate 140 in higher yiélds or in larger amounts, dilute hydro-
chloric acid would have been the .reagent of choice, but this

was not necessary. The p.m.r. spectrum of 140 clearly showed l
a six proton acetate singlet at § 2.03, and.a singlet at 5.02

° for the C-6 and C-7.protons. ’ : !

The diacetate was converted to the powdery a-hydroxy

ketone 142 in 40% yield with thallium trinitrate trihydrate!5¢ |

. This product displayed two distinct acetate absorptions at Vom0
1780 and 1760 cm™} in‘its infrared spectrum (KBr disk), as well Q
! > N q M %i
. ‘ \ v &y
. §OOCH; - ¢ i
\ )\ Ac H ,E"
. . ‘ 4
. e . .
O ! ‘ ' (142) m.p. 160-161.5° =
= T : C
y . N
vy \ ‘ El

¢ -
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as two urethane peaks at 1720 -and 1705, plus an a-hydroxy ketone

. carbonyl band at 16501 The latter is -below usual ketonic absorp-
' &
tions due to internal hydrogen bonding.‘ﬁn solution, the ure-

71

thane peaks toalesced to a single absorption at 1720 cm’ The

sharp singlet for the N-carbomethoxy methyl group in the p.m.r.

~cr

F¢spectrum (fig. 6) clearly showed that only one of the two possible
isomers at C- 2 was isolated. Two chemically different acetate
methyls were also dlspiayed at 2.06 and 2.15 pvp m., as well as
a xwo“proton multiplet at 2.70 for the C-46hydrogens adjacent -
to the ketone. A hyd¥oxy1 pf&kon absorption under the multiplets
ag‘abouf 5.4 was determined’ when a &rop of trifluqroacet%clacid

shifted it downfield, and caused a change in the structure and
' \ ’ N .53
~integration of the multiplet§’(inset, fig. 6). The exact stereo-
| w i B )
‘chemistry at C-2 could not be determined because its' tertiary

proton appeared ;n the midst of the multiplets. The broad doub-

Iet at 4.60 p.p.m. was due to the bridgehead proton at C-5,

.

since the two bridgehead hydrogens in the diacetate 140 appeared
as a broad multiplet at 4.5 p.p.m.
“Attempted oxidation of thé a-hydfoxy Ketone 142 to a

diketone by means of the standard reagent for such transforma-

A

tions, cupric diacetatg mogohydrate in méihanol and/or acetic
i \ A Q

\

acid!®?, afforded mainly unreacted starting material even after, -

prolonged treatment. Reaction of 142 with dimetﬂylsulphoxide”-

158

acetic anhydr1de , @ mixture very useful for oxidation of

hindered alcohols, &ielded mainly recovered .starting material.
? ' i
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I

A similar attempt with pyridinium chlorochromate!®®

in methylene
chloride failed. Even exposure to ruthenium dioxide - potassium

1

periodate in a carbon tetrachloride - water two phase system'®®
\did not effect a clean oxidation. It is believed that the hydroxyl
function 1is exceptionally unreactive due‘to steric screening
caused by the N-carbomethoxy group, regardless of whether the
hydroxyl group gt C-2 is a or B. In one case the carbometﬁoxy
group could prevent the formation of the alcoﬂglate ester inter-
mediate,\while\ih the other, it could prevent~;bstraction of the
tertiary proton at C~2. This interference adds to the normal
unreactivity of a cyclic a-hydroxy ketone towards oxidation.

A direct formation of an olefinic bond adjacent to~f‘
the carbonyl group af C-3 was considered next. We intended to
synthesize the monofurfuryl derivatives 143 in the hope that
oxidative cleavage would yield an a—dikqtone in a2 minimum of
steps. Unfortunately, reaction of the ketones in ethanol with

\

one equivalent of furfﬁraldehydefSI

and aqueous sodium hydroxide
at 0-5° afforded a 45-50% yieid of the yellow, highly crystalline
2,4-disubstituted deri&atives 144 and 145. It appeared that the
monofurfuryl intermediates reacted\éven faster than the original
ketones due tonconjugatioh effects, since no trace of the mono-
substituted ketones was found. Several modifications in temper-
ature and amounts of reagents used did not change the nature

of the products. When a twofold excess of furfuraldehyde was

e

used, the recrystallized d;-sﬁbstituted derivative 145 was
r
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,{‘ /@ . R é@

o
o \ /
(143) (144) R=CHgq
)f‘ ’ (145) R=COOMe ™

recovered in over 80% yield. .
In our last attempt to convert the symmetrical ketones

129, 130 and 131 to unsymmetrical a-qdiketones, the morpholine

. { . . .
enamines of these ketones were prepared with the aid of titan-

162

ium tetrachloride Of the enamines, 146 was a semi-crystalline

&

vompound obtained in nearly quantitative yield before re&:rys-
tallization, while 147 and 148 were oils isolateg in 75 and 95%
yield respectively. All threg Eroved to be quite unstable. In- ‘=
deed, when 100 mg‘of 146 was recrystallized from reagent petro-

leum ether (60—800), almost 40% of the enamine was reconverted

L 4

to starting material. ° : | .
o R . R
. N Co ’ . . ’ ‘
o
- N/‘\\o
] . o - k/ ’
(129) R=CH,q ‘ (146) R=CH m.p. 100-101°
4 (130) 'R = COOMe 9(147) R = COOMe
' (131) R==COOEt ‘ (148) R=COOEt

*
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j We hoped to convert the énamines to unsaturated enamines
. of type 149 by the‘method of Birkofer et al'®®. The latter could
then be hydrolyzed easily to a,B-unsaturated ketones '® . How-
ever, when the enamines were reacted with 1sdﬁhtyraldehyde under

the same conditions used by Birkofer et al, a mixture of products

«

was always obtained.

o a

b (246) 7 R - .
‘ (104:) “ _" H,o /m
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¢. Synthesis of Key Intermediates vla hactonization
L
. . ) ‘ . ,
Since,all our attempts to form an a-diketone failed,
N AN
we turned our attention to a more straightforward method of con-

i

3

oy
Lot

verting the symmetrical materials to‘ynsymmetrical; syntheticall&
‘useful products: 1actonizéti0n of the C-3 ketone. We hoped to
convert the two urethanes 130 and 131 to their f@gpecti¢5 lac-
tonei, which would be excellent starting points for the final
modifications to azacyclic ribofuranosyl analogues. Baeyer-Villiger

oxidation of the N-carbomethoxy derivative 131 with m-chloroper-
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‘:‘ benzoic acid and a small amount of«,4,6-tri(t-butyl)phenol (a
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radical inhibitor) in 1,2-dichloroeth®he '** was optimized after

several runs by conveniently following the fgaction]by gas

\chromatOgraphy. A Hewlett-Pagkard 700 Laboratory Chggmafograph‘

was employe&, using standa%d;SE—SO Ultraphase and Chromosorb W-

: supportt The reaction thus moPitored sﬂowed the complete dis- ®
appearance of starting ketone aféer 26—22 hours when it was
carried out at 60° with a 2.5-fold excess of peracid and 20 .mg
of inhibitor. The latter is essential when operating above room

. temperature for extended periods, because it prevents the ther-

mal decomposition 6f the peracid 6.

2

A 60% yield of the crystalline D,L-lactone 150 was

isolated. Its infrared spectrum clearly showed the presence
1

~, of a strong lactone peak at V=0 1755 cm *, and’ the p.m.r. :
. A ”
spectrum displayed a clean ﬁuartet for the C-7 and C-8 protons #
, at 4.7 p.p.m, ! / ! :
\ . N d;{" N
) g " » /
b . . /
QPOR ¢ K
) ¥
o N
) ! s, ‘
# - s ; u
, (150) R=GHy; m.p. 117-8° :
3 : N\
(281) R-CHZCH3 o .
—n
\ -
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A similarly monitored Baeyer-Villiger oxidation of
the eﬂwi‘carbamate 130 proceeded much more slowly. Even with
a greiter excess of peracid and a higher reactipn temperature,
the ' conversion to an 01ly product mixture which consisted mainly

of lactone 151 by p.m.r. d4nd mass spectroscopy was not as good
v

as with methyl urethane 131. The only explanation for this
phenomenon must be that the longer, bulkier ethyl chain of the

N- carbethoxy compound 130 stretches out gver its 4-piperidone
™
1‘01

ring and covers the ketone at C-3, thus blocking the appreoach

AN

of the peracid. This finding brecludes the use of the more
easily removable benzyl, phenyl or 2,2,2-trichloroethyl grdﬁps.

It was known that lithium diisopropylamide converted

65

esters into their enolate salts at low temperatirel Carboxy-

lation of the a-anions of esters with carbon dioxide had pro-
o

166

duced malonic acids'®S . Moreover, Grieco and Hiroi'®’

had con-
verted lactones to their enolates with lithium diisopropylamide,
and quenching with carbon dioxide also afforded malonic acid

derivatives. The latter were then decarboxylated in diethylamine-

v

'y
aqueous formaldehyde to form a-methylene lactones in good

‘yields'®? . Since a-methylene lactones can in principle be oxi-

~
dized to their a-keto derivatives, we applied the method of
Grieco and Hiroi to lactone 150 ,in the hope of producing the
X

a-methylene lactone 150a, from which a-keto lactone 152 would

be prepared.



‘? - b‘\#“

H »
-74-

. N

{ ‘ . ,

t C ¢

E

‘ -

; LA

4 i

%" YI;'.

, , | \ -

! . (150a2X-CH2
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The lactone 150 was reacted with lithium aiisopropyl-

anine’ in tetrahydrofuran!®® at ~78°% and the resulting a-anion

1

wds quenched with dry carbon dioxide. The crude malonic® acid.

thus produced was treated with diethylamine - aqueous formal-

) d hyde,\followed.by sodium acetate - acetic acid!®’. However, . 5

\

al mixture of products was obtained 1n every attemFt probably

due to rlng opening @f the bicyclic system.

A similar attempt to functionalize the a-position of -

e

Jactone 150 with sodium hydride and methyl formate ®® (i.e.

@ formylation of the enolate) 'also.led to an intractable mixture.

etes e L

S oAb

A similar carbocyclic compéund 66 had been obtained in good
| Yield from its lactone by Playtis and Fissekis®®, Condensation
f the sodium salt with thiourea had produced the Z-thiéura;il
67 in very poor yield, and the latter was converted quanti;%Q

tively to the uracii‘gg, a tarbocyclic analogue of 2',3'-dideoxy-

pseudour1d1n§a(Chapter 1) . Other attempts to functionalize our BN
. lactone with sodlum hydride and furfuraldehyde or isobutyralde-

Q;) hyde also failed. \ '




B o ik e L s T R T IC s S

\ |
‘ H
(67) X=5
(88) X=0
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Another cbmpl tely different approach, beginning with
% the lactone but leading to an interesting aldehyde, was tried.
g .+ It was hopéd that the lactone 150 could be reduced selectively’
[ . .
f to the hemiacetal 153 with diisobutylaluminum hydride (DIBAL).
f Elimination of water would lead to a vinyl ether, and ozonoly-
a /’ .
e tic ring opening followed by reductive work-up according to
4 the procedure of Frehel and Deslongchamps®®?®, would readily «
afford the aldehyde-formate '154.
| \ | | |
; ] cooeH, , “ o COOCH, N
E; N ( * \g’ HO
| /tzz:ii::lgr B ¢
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\ (153) (154)
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; (T l“ L DIBAL was known td reduce .lactones smogthly to the
”~ ” N

\
.
hemiacetal stage !7°

, and Faure?’! had used it for this purpose

e

with a lactone (155) similar to ours. However, since DIBAL was

i
H
3

also knoﬁn to reduce urethanes to the N-methyl amines at room

172

temperature , the temperature of our reactionEQuld not be

7

(155)

n.J

raised above 5-10°. Thus, when the reaction was carried out
with one equivalent of DIBAL in dry toluene under nitrogen at
710O for 2 hours, a mixture of products was recovered, of

which the starting material was one compbnent. Alterations

P

of these experimenfal conditions did not produce signifieant -

amounts of hemiacetal. When a 2.5-fold excess of DIBAL was.

used at 5° for 3 hours, the major product was the completely

) N 4 "P !
reduced diol 156, recovered as a clear, colorless @il in 30%-
yield. The structure of the reduction product'was confirmed
by conversion to its diacetate 167. The i.r. spectrum of the
diol displayed’a strong alcoholic band peaking at 3470 cm'.1
(vo_y)» and a urethane carbpnyl at Vomg 1700. Its p.m.r. spec-

trum contained a urethane mefﬁyleresonange at § 3.68 p.p.m.,
] ° \ l R '

)
’ ,

-, L ;
.‘)
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- 4 (156) R=H 4
(157) R=COCH
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isopropylidene methyls at 1.26 and 1.41, and several broad
muitiplets. The mass spectrum clearly displayed peaks for the \
molecular ion (m7e'275;‘and for losses of methyl (260), hydroxyl
. (258) and methoiyl (244) }adicals. The p.m.r. spectrum of the
diacetdte contained two distinct acetyl methyls at 6 2.02 and

P

2.05 p.p.m., and its mass spectrum showed‘peaks for loss of

2

Bl s e R S e S

;methyl (m/e 344):, acetyl (300), CHSCOOCH2 (286) .and CHSCOOCHZCH

(272) fragments. 5 T
»

b ! At this tﬁﬁe, it"was decided to open the lactone ring
~

0 , - .
~ of 150 and attempt to convert the résultlng ester 'to intermed-

iates which could be converted to azacyclic nucleoside ana-
logues. The lactone was reacted at room température with 1.1

equivalents of sodium methoxide in methanol to produce the

e e e e e

‘ - hydroxy méthyl ester 158 in near qugntitative yield. Attempts
¢ ) rd
to cleave the bicyclic lactone under milder conditions, such

as triethylamine in anhydrods methanol!’!, led to complete
’ .
recovery of the starting material. The alcoholic function of
!
(j) 168, was protected with tert-butyldimethylsilyl chloride!”?,

s ! -
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yielding the oily silyl ether . 159 in greater. than 85%‘yield
based on lactone 150. The urethane moiety was completely un-
changed, and no appreciable decomposition of the bicyclic struc-
ture occurred under. the mild conditions emplof%d. All spectra

and analytical déta.supported the structure of 159. Most notably,

the lactone peak in the i.r. spectrum of 150 was replaced by

|
¥

LS

(158) R=H - 2
(159) R= gt

an' ester absorption at Vomg 1740 or 1750 cn”! in alcohol 158
or silyl ether 159 respectively, and a new methyl ester peak
c01nc1dent with the urethane methyl resonance appeared in the
p.m.r. spectrum. Thé 511y1 ether m01ety dlsplayed a six proton
dlmethy1511y1 51ng1et at 0.14 p.p.m. and a nine proton tert-
butylsilyl 51ng1et at 0.96 p.p.m. In the mass spectrum of lﬁﬁ;

fragmentations characteristic of a teft-butyldimethylsilyl ether

- were noted. Besides peaks represé‘ting a loss of methyl (h/e

402) and methoxide (m/e 386) radidals, strong peaks for the loss
of the tert-butyl (m/e\360, M* - §7), tert-butyfdimethylsilyl
(m/e 302, M*. - 115) and Me’sc(c}Is)ZSiOCH2 (m/e 272, M¥ - 145)

fragments were obs%rved. The three latter fragmentations are . )

»
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: alcohol 160 was isolated in negfly 70% yield. This was converted

ol

| %
L ) " v -
found in all the mass spectra of such silyl ethers.

¢ As will be seen shortly, this intermediate possessed.

the stability necessary for cdnversion to a more ractive in-

E Y

n SRR T R Ty 6 M I e g ol g i 40 SO AT
~

termediate, upon which a heterocyclic ring could be formed
via a cycloaddition. ' ‘ -

. > ‘

" ‘

2

o d. Attempts to form a Terminal Olefin - ;

L 1

&

0

’ The first sequence iqfolved epe redyction of the - 3

Co methyl ester to an alcohol, conversion of the hydroxyl func- "
tien to®a good leaving group, an& then formation of an ole-

fin by elimingtion. The latter compeund might be an éxtremely . o}

useful dipolarophile for the production of such heterqcyclic - y

% L, . bases as.isoxaeolines, pyrazolines or pyrazoles !'’!, Alternately, §

it could be cleaved oxidatively to an aldehyde, thus producing A

i3

E “the protected open form of the azacyclic analogue of 2Z,5- anhydro— o -
f " allose. The 911Yl ester 159 was accordingly selectlvely reduced
. : over a period of two days with excess diborane in THF, and the g

-
quantitatively to the mesylate 161 with methanesulphonyl chloride

and triethylamine in methffine chloride., Besides the urethane °

4

methyl singlet at § 3.62 p.p.m., the pqm.rﬁgspectrum of 161 dis-
played a methanesulphonyl methyl absorptioglat 2;93 and a, broad

; . A ' ‘ | \ .
. . N : /
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k phonic ac1d from 161 fallig)/When it was treated with excess : 3
o "

.lat 1.97

. thane carbonyl band at 1710 cm Lo ‘ '

B, ) \ . ’ i ‘ %
(160) R=H » , L :
. = (181) R=SO,CH,

a
[

~ o
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multlplig representlng the saturated methyh&ne group (CH CHZ-OMs) °

i

A

[

\Q]aracterlstlc mesylate absorptions at 1365 and ¥

1189 cm © were presegt in its i.r. spectrum, ?s well as a ure-

a ’

Unfort&nately, all attempts to e11m1nate me thanesul -

e

Ner ' P

Pyridine or trlethylamlne, no reaction occurred . even a‘t, ele- "
vated temperatures Heatlng with 1,5- d1azab1cyc10(4 3.0)non-5-ene B

(DBN) or DBU'?* for prolonged periods also ylelded no’ olef1n. k T
v * { . . ! . > o
Since dehydrotosylations haye occa51ona11y been reported ‘

to prbceed more smoothly and in hlgher y1e1d than the corregpon- 

ding dehydromeSylatlons‘75'1", and we hoped to obtain a crystal- .

.

line derlvatlve of alcohol 180, several attempts were! made to ' .<
tosyldte the hydrokyl group. However, little LJ;nfdon occyrred, 4
éven at elevate tehperatures Considerable steric iﬁterfeqenee

from the 1arge t t butyldlmethylslly ether at’the\S-position .
B
may prevent the desired %onver51on At thig "time our concﬁrrent
. P “' . ’

[al

W
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' _ invest-'igation towards the syn;:hesis of an a-ketoester produc"efi
a breakthrough, so the present approach was abandoned. However,
'iﬁ is felt that elimination of me%hanesulphonic’acid frém 161
even with the strongest bases, such as potassium tert-butoxide

v (KOtBu)z would not proceed in'high yield. A study on the reac-

tion of primary and secondary,aryl and alkyl sulphonates with

# s ,
potassium tert-butoxide in DMSO!?’ clearly showed that sulphonate

esters of normal primary alcoﬁols or primary'adcoholg containing
aLalkyl_substituents gave 20-30% alkenes and‘30-70% t-bdtyl
ethers ©of the alcohols; under identical conditions, the alkyl
benzenesulph;nates of cyclohexanol and cyclopentanol were con-
yefted to the courresponding alkenes in about 80% yield. Snyder!’®
‘'noted the same difference between cyclohexyl benzenesulphonate
and n-octyl b;nzenesulphonate. These fact;, plus the unreac-
tivity of mesylatg 161 toward7’DBN and DBU, made this general L

approach unsatisfactory.

14 v
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M 3
.e. Synthesis of Methyl-2-(2a,3a-dihydtoxy-0-isopropylidene-48-

t-butylddmethyléiloxymethyl-N-tarbgﬁethoxypxrro1ydin~18-yl)«
’malonate‘(zsz), acrylate (163) and glyoxylate (164)

S ’ -~
Our other option was to convert ester 159 to an a-

ketoester.‘Methyl ester 159 was reacted under a nitrogen at-

mosphere with one equlvalegt of llthlum dllsopropylamlde 1n
 THF %% at -78°. This was allowed to?warm up to -30° *and anhy-
drous carbbn dioxide was bubbled throhghgfhe solution contain-
ing the enolate. The resulting malonic acid 162 was ﬁop isolated;
the crude[prodﬂct was reacted directly with aqueous formaldehyde
and diéthylamine, followed by furthér hegting with sodiuﬁ’agetate
and ‘glacial acetic acid. The a-methylene ;eﬂnd.ester lgg'was
1solated by silica gel chromatography as a clear, colorless oil

L

1n'ﬁNer 80% yield based on ester 159. The p.m.r. spectrum of

?

A -

_ocH, * Q_ OCH,
-l—%"“‘ \f oc':owu, ' ‘1“%"'- J goocH: -

LCOOH _ | . H,
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the product displayed two well separated olefinié multiplets

at § 6.10 and 5.70 p.p.m., two carbomethoxy methyls at 3.72

and 3.60 as well as gem- dlmethyl singlets. at ‘1, 45 and 1.29 p.p.m,

. The i.r. spectrum of this compound exhibited a strong, broad

carbonyl band between 1735 and 1720 cm'l, and a wéaker olefinic

+

absorption at 1650. Its mass:spectrum displayed easily aiscernible
‘peaks for loss of methyl (m/e 414) and methoxide (m/e 398) rad-
icals, as well as the strong peaks characteristic of the frag-
‘menfa;ion of a tert-butyldimethylsilyl ether (m/e 372, M* - MeSC,
etc.). k

The conversion from saturaJLd methyl estgr,to a-meth-
ylene ester 163 warrants close!scrutiny, since the stereochem-
istry of the unsaturated ester will also be that of fhé a-keto-
ester and thus of all ﬁucleoside analogues derived from the
latter by condensation. The“important aspect of this sequence
is that there is the possibility of destroying éhe 'anomeric'*
purity of the C-1 position of the azaribofuranosyf ring. That
is, the infermediate enolate lithium salt 1§9a can exist not
only in the common form 1, but there 1is the'possibility that
ring'Opening to i7i may occur. Consequent ring reclosure could
produce a mixture of anomers or, indeed, ohly the reve;;ed a .
anomer wherein the -CHCOOMe branch is cie 'to the 1sopropy11dene

group but trans to the bulky silyl ether. The fact that the sol-

ution containing the enolate was never warmed above -30° minimizes
' , \

- I
1 While it is not strictly correct to denote the .C- 1 p051tion here
as anomeric, it is convenient since it refers to the anomeric pos-
ition-of normal nucleosides. - :
/ .

*

4
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(1)
(i1)

the possibility of this occurring. Furthermere, in the p.mir.»
spectrum of the a-methylene ester 163, the difference in chem-
ical shifts between the gem-dimethyl singlets was 0.16 p.p.m.,
(1.45 - 1.29), identical to. the difference noted for the sat-
urated ester 159 (1.46 - 1.30). We expect this difference to
be nearly zero for the a-anomer of 163 (viz. the spectrum of
the thio comﬁound 136 on p-. 6la). Since the stereochemistry

of ester’ 159 is known, because it was derived by ring open%ng
of a saturated, Bicyclic lactone under mild conditions, the
desired’ B-configuration at C-1 is probably correct. The analysis of
the p.m.r. spectrum of the protected azacyclic showdomycin an-
alogue (Chapter 4) will conflrm this conclusion.

Ozonolysis of the methylene llékage of 163 at ~78° in
dry ethyL acetate, followed by reductive work-up with dimethyl
sulphldellg, afforded the crude a-ketoester 164 (methyl-2-(2a, 3&-
dihydroxy-O-isopropylidene-48- t-butyldlmethyls1loxymethy1 -N- car-
comé thoxypyrrolidin-18-yl) -glyoxylate) . Both the i.r. and p.m.r.
spectra showed the complete disappearance of the terminal alkene
structure, However;'pﬁo_pairs of gem-dimethyl singlets were noted

in the p.m.T. spectrum in an approximate 2:1 ratio, indicating



. Qg ,OCH, ,
+3- ¥  ,coocH,
N
x' )
0.0
X
. \
N
(163) X-CHZ ' ' N
P
= (164) X=0 -

¥’

that the desired product constiﬁﬁted, at bqst{ no more than .
two-thirds of the total mixture.‘Unfortunately, 164 could no%
be purified by conventional methdﬁs: it would not crystalliz‘ev
out of the mixture, of products, and it proved to be unstable
towards chromatographic‘sepgﬁations, Tike several other very’
closely relatéd ribofuranosyl a-ketoesters “®’!7°  The quality
of the crude product was not improved when other éolvents were
used for the ozonolysis', When a small amount of starting mater-

/. ‘
ial yas ozonized in dry methylene chloride, virtually identical

!
spectra were obtained, whereas when dry methanol was utilized,
- - .

broader peaks'in the i.r. and p.m.r. spectra characterized the :.
v \ *
mixture. Thus the crude product obtained with ethyl acetafe as

solvent had to be used directly in the next step.
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) S _Chapter 4
(

¢ ' T
Synthe51 f an Azacszzzévgnalogue of Show omyc1n,

2-(2'a, 3'a ~Dihydroxy-4'8- hydroxymethyl-N—carbomethoxypyrrol-

- idin-1VB-yl) maleimide 1 ‘ - .

N
The crude a-ketoester mixture obtained by 020nolysi§

and reduction of olefinic ester 163 was condensed direct}y with

carbamoylme'chylenetriphentyl@hosg_horafne"s in dry chloroform at

Yoom tempegature;'ﬁhe crystalline azacyclic showdomycin ana-

logue 165 was, isolated by preparative chromatography on silica

Its structure was assigned, !

7), which

gel ptates in 40% yield based on 163.

based on the following da#: its i.r. spectrum (fig.

cléarly displéyed maleimide-type carbonyl absorptions at v 1787,

17iﬁ, 1722, 1655 cn™t (C=0, C=C) extremely similar9£§>tho§& of
. \ -
1 \ ®
Q ,OCH,
-I—%l— 00CH,
H,
0.0 /
b
(183) (165) m.p. 88-89°
/
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(i citraconimide (3-methyl maleimide) !®° and of showdomycin itself

- (1775, 1725, 1705, 1645 cm 1)!% . The only difference was the

presence of a carbamate carbonyl peak at ~1695 cm}'1

.‘The male-
imide N-H was further identified as a broad band at 3250 cm:}
(water in the KBr pellet caused broadening). It; ultraviolet

spectrum in absolute ethanol‘displayed a maximum absgfption at
221.3 nm (e 18000, log e #.25) and a small inflection at about
275 nm (e 1000, log e 3.0) almost identical to that of ého%do-

mycin itself, which showed a Apax &t 222 nm (log e 4.1) and a

X
| - shoulder at about 285 nm (log ¢ 2.8)7in 95% ethanol‘59? Citra-
> . conimide displayed these absorptions at 220 (log € 3.84) and

275 nm (log € 2.17). Microanalytical data confirmed the empir-
ical formula, and the mass spectrum clearly showed a peak at
m/e 425 (M* - CH3) and tYpical silyl ether fragmentations at
m/e 383 (M* - Me3C) and 325 (M* - Mesc(CH3)ZSi). Finally, a
tﬁ;rough examination of the p.m.r. spectrum in deuteriochloro-
form (fig. 8) confirmed the stereochemical assignments. A broad,
excha;geable (DZO) one proton multiplet at § 8.06 p.p.m. was
assigned to the acidic imide N-H, proton, and a triplet (J= 2 Hz)
at 6.25 represented the olefinic proton Eb which was coupled
to both the imide proton and the tertiary proton ﬁc. Triacetyl
showdomycin displayed similar absorptions a; 8.0 and 6.6 p.p.m.
(J=~1.5 Hz) in deutefiochloroform‘°°. Our vinyl proton absorp-

tion collapsed to a sharp doublet upon addition of heavy water

or gsyﬁ irradiation at § 4,90, The latter indicéted that the
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multiplet centered at § 4.90 was due to H_. However, when. the bt
triplet due, to gb'was irradiated, the multiplet due to ﬂc did .

‘not collapse to a doublet as expected, probably due to the fact

TR T e et TR T e T,
B

that it appears very tlg§e to other peaks and hence may migk
\ -
absorption due to another proton. '

Ll A

P

N

o AR T

A comparison of our spectrum with that of similarly

R

protected showdomycin 166 (fig. 9), prepared independently in

o

e

< our laboratory'®!, shows that the two spéctra are virtually

i
i
»
+
%

superimposable,g%ith the solé exception of the extra N-carbo-
me thoxy methfl resonance in fig. 8. The three pfoton multiplets
be;ween § 4.5 and 4.9 p.pjm. in either case represent the
1'a;2’e and 3'g hydrogens, and the broad mpltiplet centered at
about 4.2 is due to the 4'gq proton. The two proton multiplets

at about 3.7 p.p.m. are caused by the two C-5' protons (CH,-0-81).

The three proton singlet at 6§ 3.66 p.p.m. in fig. 8 is, of

course, the b%ethane methyl absorption (RZNC‘OCHS). The two

silyl ether singlets appear at exactly the szye‘positi?n in

- both spectra (0.9 and 0.07 p.p.m.), and the positions of the
isopropylidéne mg%hyls is only slightly different: § 1.52 and- /
o 1.33 p.p.m. in fig. 8 vs. & 1.58 and 1.36 in fig. 9. ’

£

i SRR

5.

| The' remarkable .similarity between the two spectra in-

/ {cpre

dicates that substitution of a protected nitrogen for the oxygen
U atom of the ribbfu;gnosyl ring causes veryblittle distortion of
the ring. Furthermofe, the carbomethoxy group does not seem to

. interact substantially with the heterocyclic base.,
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/ L Confi;mation;ofnthe 'anomerici configuration of our p
azacyclic D,L-ribofuranosi&e was also obtaineq’frém the p.m.r;
spectrum. Imbach et al !*? have recently studied the p.m.r. /
spectra of many o and B-D-ribofuranosides whose alcoholic ghnc-
tions at the 2' and 3' positions werewprokected with anvi§6prd- .
pylidene grouﬁ. They réfp;t§d~that in a total of fifty?one Eases
the differencg AS between the chemical shifts corresponding to
the two methyl groups of this 2,2-dimethyl dioxolane system fell
) into the following limits: a/dngmers: 46 $0.10 p.p.m. (average

value: 0.03); B anomers: AS§ 20.18 p.p.m. (average value: 0.20)..

’

o

¥

It was concluded'®? that, since the isopropylidene
groupl¥igid1y maintains the ‘conformation of the ribofuranosyl

ring, the diamagnetic anisotropy of the base should influence

T - -

the difference in chemical shift of the methyl grou?s. In the
,. ~N
case of the 8 anomey the base should not influence the isopro-

pylidene group much; however, in.the a ‘case, the base is close

EIPERS, TR T " oy T y ' a3
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|
[to the dioxolane ring and hence should 1nf1uence one of the

methyl groups more than the othér. Thus ‘a” decrease is noted
|

-

for A§. This hypothesis is in accord\w1th the fact that iso-

propylidene methyl absorptions appear at higher field for «

anomers than for B anomers?!®?, |

Thus, if we disregard the relatively minor stereo-

- chemical distortion imposed on the riﬁofuranosyl ring by sub-

stituting a pitrogen atom for the ring oxygen atom - a differ-

ence we\nevertheless’hOpe may cause marked changes in biochem-

ical or biological activity - the above data can be utilized

here for a confighrational assignmen{. The difference in chem- °
1ca1 shifts is 0. 22 p.p.m. for the protected showdomycin (fig.
9) and 0.18 p.p.m. for the azacyclic analogue {(fig. 8); the;e
values definitely indicate that both compounds are the B ano-
mers . | ‘

\ " The azacyclic aéalogug‘ggi of showdomycin was deblocked
with 50% aqueous trifluoroacetic acid, affording the triol 167

in 75% yield after purification by p.l.c. However, the prdduct

™~ o

o

N\
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(: failed to crystaklize from several mixtures of solvents, inclu-

4

ding benzene-acetone, a mixture which had been used succéssfully

»

by Moffatt® with showdomycin itself. The’u.v. spectrum of lour

p%odu%t displayed a maximum absorption in ethanol at 223.7 nm,
.o .
and a shoulder at 278 nm. The cariigyi absorption region of its

. \ .
i.r. spectrum was similar to that of the protected analogue 16§,

and a broad hydroxyl absozption was' present at about 33530 em™t,

Its mass spectrum displayed peaks at m/; 268 (M* - HZO), 255 '(M* -

| CH,0), 237 (M* - CH50 - H,0), 220 (M*, 255+ 237), 205, 117, and
59. The p.m.T. spectrd% of 167 in acetone—d6 is shown in fig. 10,
Unfbrtunately, due to fhe proximity of the QbSPrptions, nolaef%n—

ite assignments could be made, except for : the imide proton H,

, [..
,at about 9.5 p.p.m., the olefinic protop Hb at 6,6 p.p.m., and

the urethane methyl absorpiion at 3.60 p.p.m. g

0 -{-3'

(RS T T

Biological testing of 'this compound has not yet been

undertaken, but since the p.m.T. spectrﬁm of the blocked azacy-

Sy

. clic analogue 165 waseso similar to that of analogously blocked
~ ' . \ . . . : ,
' showdomycin 166, it is possible that our analogue may display .
———— - o N N
some activity, since there exists an intimate interconnection

between molecular structure, conformation and the biological

o 14

\ activities of nucleosides However ‘our triol 16? should pos-

sess much less freedom of rotatlon about the C- 3’- c-1" ‘bond
‘?;

due to tHe presence of the N- carbomethoxy group. ThlS increased

+ restriction, relative to showdomycin, upon the range of the tor-
: . . ‘ I
sion angle may prevent the compound from assuming the most desir-/

) o

PV toe s o e o el
she ,,;;;g%ﬁﬁ}(;; 7
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Figure 10. P.m.r. spectrum ‘of deblocked azacyclic showdomycin 167 in acetone-d6

(external TMS).
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able conformation for biological interactions. Accordingly, it

was deci®ded to try to remove the urethane protecting group, and
-

\
to compare the¢ activity of 167 with that of the completely de-

2 blocked compouhd 168

i
N 3
2

a. Attempted Removal of the N-Carbomethoxy Group

!
[

The usual aqueous hydrolytfc conditions commonly em-
ployed for the removal o} N-carbethoxy groups (p. 58) were much
" “tpo vigotous to be utilized successfully for the clean removal ‘
of the N-carbomethoxy group from many of our prbducts. We re-

\

quired a milder, more selective method of removing the urethane

Y

" moiety and thus generating the free amine. P
v \ Although only lithium iodide infrefluxing pyridine ®?
“had been reportﬁg to effectively cleave N-carbomethoxy urethanes.
and methyl esters, various other reaéénts~had been/developed for
effecting cleavage of the alkyl oxygen bond of hindered methyl
eéters by nucleophilic dlsplacement of the carii@&late anion from -
(i) } the methyl group These included: 11th1um N-propyl mercaptide !®*,

,
Al
. i

')\, F o8 ! ,

i .
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/ lithium iodide in refluxing@pyridine,12,6-1utidene or 2,4,6-
¥ N . ) .

coliidene!®, lithium iodide in hot DMF!®® | potassium tert-

L)

butoxide in warm DMSO!®7, lithium iodide and sodium cyanide

o
in DMF !®®) and sodium cyanide HMPT!®? , Furthermore, boron ha-

lides have been used for the cleavage of hin%ered methyl es-.

0

St T AT B

ters?!?

r}

and of tert-butyloxycarbonyl and benzyloxycarbonyl

s e s,

amine protecting groups !?!21%2, .

_ ' Our first-attempts to remove the N-carbomethoxy group

-

, .from lactone 1§0 with lithium iodide in DMF!®¢ or boron tri-

J
bromide in methylene chloride!®? led to intractable mixtures.

GoocH, / I

1 ) :%
5

4

N b

¥ ' - ‘ ! fé
(150) ! '

-,

‘Since the methods described above are ﬁuige specific

for the cleavage of methyl esters!®®, it was decided to form

. the saturated, stable eth}l ester 169 from lactone 150, and

§
)
8
i
%
%
&Y
x
f
P
vl
VB
b
b
B
b
g o

attempt to'selectively remove the N-carbomethoxy group. Accor-

4

dingly, lactone 150 was reacted with sodium ethoxide in ethanol

o

at -150, and the resulting alcohol was silylated. A simple chrom-
- atographic separation on silica gel afforded the pure oily pro-

,duct 169 in 85% yield, based on 150. The i.r. sﬁbctrum of 169

P

: A
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displayed two[carbonyl absorptions, at 17301cm“1 (ester) and
at 1700 (urethane), and all othé; spectral data supported the

proposed structure.

COOCH,
~ RO N. ~COOC;H,
! ’ 1 : 4
o0 ' .
>
4
‘ / (169)

-~
~ . »

However, when this-saturated ester was reacted with

potassium tert-butoxide in dimethylsulphoxide !®?, extensive

decomposition occur;ed, and very little free amine was re-
covered. Similarly, when it was reacted with lithium iodide

in dlmethylformamlde under an atmosphere of n1trogen1°7, heating
_for 2-3 hours dld cleave the urethane to a significant extent,

but it also caused decomposition. :
R 3

We have been unable to efficiently remove the N-car-

bomethoxy group from any of our compounds, and as yet a reagent

capable ofrcleaving simple N-carbalkoxy groups has not been re-

'

ported 'in the literature. .

oy
s ad}‘s) ;\
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b. Attempted Synthesis of an Azacyclic Analogue of Pyrazofurin A

Malonic esters were known to undergo condensation with

ethyl diazoacetate in the presence of sodium ethoxide, affording

|4—hydroxyﬁyrazoﬂes in fair Yieldslgg:'

£

. ‘ Et00C o~
?(-) , I I
—
. )
N, B un——c OOC,H; H

+

!

‘EtOH

I
This approach seemed superior to the usual methods employed in

our laboratory!’® and elsewhere!®' . These methods involved con- -
?

version of a-ketoesters to hydrazinoacetates or similar com-

quunds, and subsequent cyclization to hydroxypyrazoles with ex-

cess sodium methoxide in very low yi?ld.

Accordingly, the sequence of reactions leading to the
azacyciic analogue of showdomycin was modified to produce a
malonic ester derivative which might lead to an azacyclic ana- .
logué of pyraaomycin. T@e methyl’ester 159 was' converted to the
crude malonic acid mixture (162) as usual, and the latter was

methylated with etheral diazometﬁége’ss. The malonic ester 170

wds obtained in 60-65% yield after chromatography on silica gel,

0

——— [ AUV .
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based on ester 159. The infrared spectrum of the product dis-

/. played a malonic ester absorption at Vom0 1730'cm'1, and a

S S
f\\‘

urethane band at Ve 1700 cm'l. Its mass spectrum contained
F .

Pl i N )
% ,
SN N | °\\f/°€a"'=
i ~-|-—sa A COOR
' COOCH,
Ha

i v AN ><° oo .
K
4 %

- ‘ (262) R = H

LY

O L

(270) R = CH, | /

N

. peaks representing loss of CH, (m/e 460), CH;0 (444, MeSC
\ ] .

(413) and Me3C(Me2)Si @360) fragments, and its p.m.r. spec:
trum displayed three carbomethoxy singlets, centered at &
*3.65 p.p.m. , .
a When malonic ester izgiwas reaéted with ethyl‘di-

azoacetate and sodium methoxide in methanol at -10° 123196

.

no conversion to a'4-hydroxypyrazole occurred. Substantial
|

. . ’ . ' . | )
decomposition of the starting material was noted. Upon re-

peating this experiment at room temperature, almost complete
decomposit%on of the malonic ester occurred. No trace of a
heteroaromatic ring was found. |
.Thus it appears that, while the anion of the mal-
_ onic ester 170 was most likely éasily generated by abstrac-

-

( ) ’ tion of proton H,, it would not react with ethyl diazoacetate,

N
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This may be due to steric effects, or because the anion de-
composéé ragidly upon formation.
hile the preceding approach was mnot productive, /

it should be noted that Ohrui and Fox *? utilized an anomeric

'mixture of a similar C-glycoside (f?z) to produce the sodium
salt 172 of barbituric acid. They theorized that a plausible
mechanism for the conversion of anomeric mixture 171 to pre-

dominantly B product 172 was the one shown below:

X
e o
TOp 0N, OO0 0 Na —_—
Ky = v
00
X 0.0
(171) x
¢ (172)

(171a)

_They concluded that the isopropylidene grofip would favour the

formation of the e:re thermodynamically stable B/('trans') iso-

) 4
mer in the equilibrium process and would prevent polymerization

(e.g. from 171a) by favouring the tetrahydrofuran ring struc-
ture '*7, Apparently, this conclusion is not valid in the pre-

sent case. ~
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c¢. Summary and Conclusion ’

t
i

.

& . l
%ﬁe synthesis of an azacyclic analogue of showdomycin

I has been accomplished in eigﬁt steps from teloidinone 119. Shown :g
i // ) below is a séhematic teprgsentation of the successful synthesis; ’f
/g/ above each arrow is the optimum yield for the individual con- %)
z version, and beneath the arrow (in brackets) is a cumulative g

POYRR

&

I yield, based on the dimethyl acetal 124. ’
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; In'fhe course of the present work, several important
inte;mediates for the production pf azacyclic analogues of C-
nucleosides have been synthesized. Esgecially important was the
aJketoester.lgi, whichawas converted to an azacyclic analogue

of showdomycin in two steps. The ketoester might also be conver-

tible by well-known methods, albeit in low yields, to azacyclic

179,194 e 179

analogues of pyrazomycin and of pseudouridin . A second
intermediate, the malonic éster derivative 170, was also produced,
and it appears that this compound could be converted to a pseudo-
uridine analogue 9 quite easily in a single step.

We ﬁaVe showq that the N-carbomethoxy group is quite
stable towards acids, bases, nucleophiles and,electrophi}es. In‘
fact, it was too stable to be removed efficiently from any of our

intermediates. In order for the present work to be adapted for

the production of comple;g}y deblocked azacyclic C-nucleoside ana-

logues, either a relatively mild, selective method of cleaving

the N-carbomethoxy moiety should be developed,’or a different

\

amine protecting group must be utilized.




o . -101- -

( Contributions to Knowledge

s
1
N

A multi-substituted pyrrolidine containing an a-keto-

" ester substituent was synthesized, from which an azacyclic ana-

o

logue of showdomycin was easily formed. This ketoegter was pro-

*

duced in good yield from a bicyclic system whose stereochemistry

o

‘ ‘was precisely defined.

) Several other pyrrolidine intermediates which

v

could

( ' . / l
’ be elaborated into other C-nucleoside analogues were also pre-~

’ pared. Many new 7-azabicyclo(2.2.1)hept-2-enes and 8-azabicyclo-

\ (3.2.1)octanes were synthesized.

7!
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Suggestions for Further Study

’ N /
Should the azacyclic C-ghtiggside analogues display

intgresting.biochemical or biological activity, further studies

should be carried out in three general areas: (1) 1mprovement
of the present synthetic scheme, (2) development of a comple-

mentary approach, and (3) synthesis of other nucleoside ana-

\

. logues. - _

< -
v

(1) Modifications can be envisidned to improve the synthesis
of an a-ketoester, for example. An ester of type 173 might

He converted to an oa-hydroxy ester with lithium diisopropyl-
amine and molybdenum peroxide (MdOS.Py.HMPA)1’°. Subsequent
mild oxidation with either DMSO-DCC*5 or DMSO-acetic anhyd-

1792 would effect conversion to an a-ketoester. In a simi-

, i

lar approach, an ester of type 173 may be converted in high

ride

yield to its a-bromoester derivative *!, and oxidation with DMSO-
DCC '*® would then ledd to the a-ketoester. These reactions

might obvidte the need for ozonolytic cleavage, and thus im-

prove the overall yield of an a-ketoester from a saturated ester.

OOR

i
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By
(2) On a different approach, an ester of type 173 could be con-

verted to an amide 174 which could then be reduced sekectively
(BH3.THF)2°° toothe amine 17§. Oxidation of the latter with
hydrogen peroxide or an organic péracid°w0uld afford tQp amine.

3

oxide (Y= CH,R,N+0) which could be made to undergo a Cope
elimination 201 finally affording the desired terminal olefin
1786. Cghversely, the methanesulphonate ester of an ar;ohol ob-
tained from reduction‘of ester 173 ouid be displaced by an
amine, and the latter could undergg a Cope eiimination. An even
higher overall yield‘might be obtained if that alcohol is con-

‘ \ ¥
verted to.a halide, and the latter expulsed by an amine. These

‘ideas may be useful if one desires the terminal ‘olefin as a

.

starting point for 1,35cycloadditions.

h
Lo | o 's
X
+_?‘— '!‘ CH=CH,
\\
\ £ .
(« o]
[ ' P .
(174) Y =CH,CONR, ‘ (17¢)
(175) Y---CHZNR2 & L
!
Another suggestion involves reacting the lactoné 150
with one equivalent of methyl lithigm to produce the hemiketal
177. Elimination of water and ozonolytic cleavage of the re-
sulting olefin would afford, upon re&uctive’work-up, the alde-
(:)gy ' hyde-acetate 178'®°, This aldehyde may be a very useful inter-
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| P
mediate for the synthesis of nucleoside analogues.

by

4 “37; -
(3) The aldeﬁyde'used{in the Robinson synthesis can be.easily
modified td con;ain a trans-diol, an epbxide or a sinile al-

, o

coholic function?’?, These would eventually lead to azacyclic

nucleosides containing the 2',3'-trans diol structure, and
@ ~

the 2'- or 3'-deoxy analogues.

Also, 8-oxabicyclo(3.2.1)oct-6-en-3-one 179 and the

o

carbocyclic analogue 180 have been synthesized in low yield?°?,

but may be obtained in very high yield by a modification of

ve

the diiron nonacarbonyl-catalyzed ¢ycloaddition of Noyori et
al '3, It would be interesting ts try to hydroxylate these to
exo-0i8 diols, and submit the proﬁected diols to the same re- . §
a :ions as in .the present work Lactonization, ring oﬁening ‘
A% protection, and functionalization at the a- pos1t10n¢of

the resultlng ester would afford the a-ketoestersyl181 and 182.

The former has been synthesized in various ways in our labor-

179 4y 548

atory
|
(j) pared by Kim1!7®®, The octenones 179 and 180 should undergo |

and elsewhere » and the latter has also been pre-




» : "105"

X
i "
o
; .
(179) X=0 T (131) X=0
(180) X=CH, (162) X=CH, _

catalytic hydroxylation much more smoothly than if a nitrogen
bridge were present, since steric interference and oxidative
side reattiqgs are no longer‘a problem. If the ketone moiety

interferes with a clean reaction, it could readily be protec-<

ted and later deprotected in.h%gh yield.

* . ' ’ ﬁ
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: EXPERIMENTAL SECTION

Solvents were reagent grade Unless otherwise sﬁeci-
fied. All evaporations were done under reduced pressure (water
aspirator) with a bath temperature of 25-450 unless otherwise

noted,

\

Melting points were‘determined on a éallgnkamp block
in open capillary tubes and are uncorrec%ed. Mass spectra were
obtained on an AEI-MS-902 mass spectrometer at 70 eV using a
dirfect insertion probe. Infrared (i.r.) spectra were obtained
on a Unicam SP1000 and a Perkin-Elmer 257’§pectr0photometér.

- Ultraviolet (u.v.) spectra were obtained on a Unicam.SP-800
and a CARY 17 spectraphotometer. Proton m;gnetic resonance
(p.m.r.) spectra were recorded on a Varian T-60 instrument
using tetramethylsilane (TMS) .as an internal standard unless
otherwise stated. Chemical shifts are given in the.§ scale_in
parts per million db.p.m.). Doublets ('d'), triplets f't') and
quartets ('q') were recorded at the centre of the peaks, and
multiplets ('m'flas their range of absorption; other abbrevia-

tions used: singlet ('s') and broad ('b').

Malytical thin layer chromatography (t.l.c.) was per-
formed on silica gel-coated plates (Eastman Kodak or Mﬁthéry-

Nagel Polygram G) and on a preparative scale (p.l.c.) o@ silica
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'gelv(Merck UV,c4 366) coated glass plates. Woelm alumina (neu-

tral) and:silica gel were used for column chromatography.

’

Elemental analyses were performed by C. Daessle,

Montreal, and Heterocyclic Chemical Corporation, Missouri.

¢ 1

)
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. EXPERIMENTAL - CHAPTER 2

2;3—Dimethxl ezxo-ct8~5,6-dihydroxy-0O-isopropylidene~-N-carbo-

' methoxx;7-a2abiczglo(2.2.1)-hebt-2-ene-2;3-dicarboxy15te (91)

!
To a solution of a 2.20 g (8.14 mmol) of the Diels-

Alder adduct 89 in 40 ml ethyl ether and 20 ml acetone was
added 3.0 ml of osmium tetroxide solution (1 g 0s0, in 200 ml
purified tert-butanol)!!® and 2.0 ml 30% hydrogen peroxide,
After stirring vigorously for 48 h at r.t., t.l.c. (silica gel,
methylene chloride) showed the total disappearance of starting
material. The reaction was quenchéd by addition of 20 ml 10%
-sodium Eisulphite, and this aqueous layer was back-extracted
with ethyl acetate (2 x 25 ml). The combined organic layers
were dried (NaZSQ4) and evaporated, leaving a yellow oil which
was chromatographed on silica gel. Elution with ethyl ether -
methylene chloride (1:1) afforded ;he crude diol as the most
polar component of the mixture. | '

The crude diol was protected by reaction with 20 ml
dry acetone and 10 ml 2,2-dimethoxypropane, catalfzed by 10 mg
p—tolqenesulphonic acid monohydrate. Once the starting diol was
completely reacted by t.l.c., the solvents were evapofated off
and the residue was purified by chromatograpﬁi on a silica gel

column, eluting with methylene chloride. The resulting clear,

cQlorless 0il was obtained in 23% yield, based on the adduct
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" |
89; p.m.x. (CDC13) § 1.33 (s, 3H), 1.43 (s, 3H), 3.70 (s, 3H),.

3.83 (s, 6H), 4.54 (s, 24H), 5.00 p.p.m. (s, 2H); i.r. (Film)
1745 (urethane), 1730 and 1720 (ester){ 1640 (C=C), 1390 and
1380 ém-l (gem~dimethyl) ; mass spectrum m/e 326 (MY - CHS), 310 f
(M* - CH;0). '

Anal. Caled. for C C, 52.78; H, 5.61; N,

15 8*
l
4.10., Found: C, 52.47; H, 5.38; N, 4.18. | -

2,3-Dimethyl-N-acetyl-7-azabicyclo (2.2.1)-2,5-heptadiene-2, 3~

dicarboxylate (92)
and -

Dimethyl 1l-acetyl-2-pyrrolyl fumarate (§3)

L
1

N-acetyl pyrrole (2.20 g, 20 mmol) !?! dissolved in
30 ml dry methylene chloride was added to a solution of 2.85
g (20 mmol) dimethyl acetylenedicarboxylate a&h 13.4 g (100
mmol) anhydrous aluminum chloride in 170 ml methylene chloride.
The mixture was stirred at 452 for 90 min, then cooled in ice.
Ice chips were added slowly to quené% the reaction, and the
organic phase was washed with 100 mlvwater. Drying (N?2504)
and evaporation left a dark oil which was chromatOgraphed on
silica éel. Elution with methylene chloride - benzene (1:1)
afforded méinly the side producp 93 in about 10% yield; p.m.r..
(CDC1,) 6 2.48 (s, 3H,), 3.66 (s, 3H.), 3.75 (s, 3H), 6.27 "
(s, Hy), 6.32 (s, H)), 6.93 (s, H), 7.28 p.p.m. (¢, H,, J=

2.5 Hz); i.r. (film) 3160 (pyrrole ring), 1735 (C=O's), 1650
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(olefinic C=C), 1640 cm"1 (éromatic C=C) ; mass spectrum m/e 251
(M*), 220 (M* - CH,0), 209 (M* - CH,=C=0), 192 (M* - CH,C00).
, 3 ‘ i 3

iy

OHeoos '8

(@n,co0 t_o

H, (1)

Elution with methylene chloride yielded the Diels-
. Alder adduct as a slightly yellow oil, yield 3.3 g (65%); p.m.r.
(CDCly) 6 1.95 (s, 3H), 3.84 (s, 3H), 5.55 (m, 1H), 5.72 (m, 1H),

7.10,$.b.m. (m, 2H); u.v. (95% EtOH) Ama 210 nm (e 13000), shoul:

X
der 290 nm (e 1200); i.r. (£ilm) 1735 (diester C=0), 1690 (amide

C=0), 1648 cm"1 (C=C); mass spectrum m/e 251 (M%), 225 (M* -

A

« acetylene), 219, 209 (M* - CH,=-C=0), 196.

2

Anal. Calcd. for ClZ 13

HyoNOc: C, 57.37; H, 5.18. Found:
C, 57.53; H, 5.27. N ®

2,3-Dimethyl exo-cis-5,6-diacetoxy-N-acetyl-7-azabicyclo(2.2.1)-

hept-2-ene-2,3-dicarboxylate (95a)

\

and

3,4-Dicarbomethoxy-N-acetyl -pyrrole ($98)

The adduct 92 (2.0 g, 8 mmol) was dissolved in 60 ml
ether and 20 ml acetone, and to this was added 2 ml osmium tetr-

oxide solution and 1.5 ml of 30% hydrogen peroxide. When all the

starting material had been consumed according to-t.l.c., the
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[
reaction was ﬁuenched with 20 ml of 10% sodium bisulphite. Back-

extraction of\the aqueous phase with ethyl acetate (2 x 25 ml),

- D T gt ST T sty Sty s, e 2 Sy
A .

combination of all the organic layers, drying (Na2804) and evap-
oration left a yellow oil with a complex p.m.r. spectrum, Passage

through a silica gel column, eluting with methylene chloride -

o vt SR

acetone (9:1), afforded the mdin side product 96 as a yellow solid

oo in 20% yield. It was recrystallized from ethyl ether as white \

crystals, m.p. 84° P p.m.T. (CDC13) ) 2 57 (s, 3H), 3.80 (s, 6H),

o

§

7.75 p.p.m. (s, 2H); i.r. (KBr) 3160 (pyrrole ring), 2980, 1765 ,

(ester C=0), 1715 (amide C=0), 1575, 1540 cm™t; u.v. (95% EtOH)

Amax 214 nm (¢ 18000), shoulder 222 (¢ 16000), shoulder’250 (e

11000) ; mass spectrum m/e 225 (M*), 194 (M* - CH,0), 183 (3,4-
dicarhomethoxypyrrole), 152, 122, 120. ‘

Anal. Calcd. for C  H, NO: C, 53.33; H, 4.92; N, 6.22.
Found: C, 53.24; H, 4.77; N, 6.01,

Elution with methylene chloride - acetone (1:1) afforded
the crude diol 94 in 25% yield; p.m.r. (CDClS) § 2.12 (s, 3H),

r T 3.82 (s, 6H), 4.05 (s, 1H), 4.75 (b.s, 2H, exch. with D,0), 4.84
(m, 1H), 5.23 p.p.m. (m, 1H).

The diol was acetylated overnight with pyridine and :
acetic anhydride, and the residue left upon evaporation of the
solution was chromatographed on a silica gel column, eluting
with methylene chloride. The clear, colorless, oil& product\was
obtained in 20% yield based on 92. It slowly crystallized; and

it was recrystallized from ethyl ether, m.p. 95-960; p.m.T. (CDClS)

O

PR T LA
a8 L ~ . . M 0 ¥y .
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-+

§2.09 (s, 9H), 3.85 (s, 6H), 5.00 (s, 2H), 5.00 (m, 1H), 5.33
p.p.m. (m, 1H); i.r. (film) 3020, 2975, 1765-1755 (acetate), 1740

(ester), 1685-1680 (amide), 1655 cm™™ (C=C); u.v. (95% EtOH) A

220 nm (e 5000); mass spectrum m/e 369 (M*), 338 (M* -'CH30).

"Anal. Calcd. for C C, 52.03; H, 5.19; N, 3.79.

16"19N%
Found: C, 52.05; H, 5.06; N, 3.98.

2,3-Dimethyl ezo-e¢i18-5,6~-dihydroxy-0-isopropylidene-N-acetyl-7-

azabicyclo(2.2.1)-hept-2-ene~2,3-dicarboxylate (95b)

The crude diol 94 was also converted to the isoprapyl-
idene derivative by reaction with acetone, 2,2-dimethoxypropane,
and a catalytic amount of p-toluenesulphonic acid monohydréte.

The residue left by evaporating the solution to dryness was chron-
atograﬁhed on a silica gel column.IElution with methylene chloride
afforded the pure oily acetonide in 15% overall yield; p.m.r. ¥
(CDCl4) § 1.34 (s, 3H), 1.43 (s, 3H), 2.10 (s, 3H), 3.86 (s, 6H),
4,60 (s, 2H), 4.95 (d, 1H, J=2 Hz), 5.44 p.p.m. (d, 1H, J=2 Hz);
i.r. (film) 1740-1735 (esters), 1675 (amide), 1645 (C=C), 1390

_and 1383 cm'1 (gem-dimethyl) ; mass spectrum m/e 310 (M* - CH3),

196, 194, 193, 152, 100, 85. (&

Anal. Calcd. for C SH NO,: C, 55.38; H, 5.89; N, 4.31.

157157
Found: C, 55.17; H, 5.68; N, 4.22.

3-Phenacylsulphonyl pyrrole (99)

Phenacyl sulphonyl chloride 98 (2.19 g, 10 mmol) !%*

~

[3

.
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dissolved in 50 ml anhy&rogs ethyl ether was added dropwise with
stirring to a solution of 0.67 g (10 mmol) freshly distilled
pyrrole aﬁd\l.S g (15 mmol) triethylamine in 25 ml ether at -35°
(dry ice/acetone). After 1 h the reaction mixture was allowed
to warm up to r.t., then stirred vigorously for 2 h. The pre-

cipitgte was filtered off, and the filtrate was washed with dilute

hydrochloric acid (2 x 25 ml), 10% sodium bicarbonate (25 ml) and

- 15 ml water, ﬁhe organic phase was dried (Na2804) and evaporated,

and the yellow\residue was recrystallized from chloroform as

white crystals, m.p. 134-134.5%; yield 15%; p.m.r. (acetone-d)

§ 4.88 (s, 2H), 6.18 (m, 1H), 6.67 (m,.1H), 7.00 (m, 1H), 7.3~

7.6 (b.m, 4H, 3 aromatic protons from phenyl ring and 1H exchange-
able with DZO), 7.75 (d, 1H, J=2 Hz), 7.91 p.p.m. (d, Iﬁ, Je2 Hz);
i,r. (KBr) 3350 (pyrrole N-H), 1685 (C=0), 1605 (aromatic C=C),

1585 (aromatic C=C), 1538 cm™ !

; u.v., (95% EtOH) lmax 248 nm (e
16500), 211 (e 16200); mass spectrum m/e. 249 (M*), 185 (M* - 80,),
130 (C4H4NSOZ), 105 (C6HSC0).

, Anal. Calcd. for C12H11N038: C, 57.82; H, 4.42; N, 5.62;
S, 12.75, Found: C, 57.47; H, 4.52; N, 5.89; S, 12.99.

N-(p-toluenesulphonyl)-pyrrole (100)

Potassium pyrrole (20 g, 0.19 mol)!?® was suspended in

\100 ml dry toluene, and to this was added a solution of 36 g (0.19

mol) p-toluenesulphonyl chloride in 100 ml toluéne dropwise with

vigorous stirring over a period of 30 min. The mixture was stirred’
. A .
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overnight, then filtered. The filtrate was evaporated to dry-
ness, leaving a dark solid which was recrystallized from meth-
anol as white crystals, m.p. 102-103° (1it?® 1030), yield 23 g

(55%) . The p.m.r. spectrum was identical to that obtained in

ref. 93.

2t £ ST TS MR TR QLR S VR 1 SRt gy (RIS
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2,3-Dimethyl N-(p-toluenesulphonyl)-7-azabicyclo(2.2.1)-2,5-

s Eedtm S,

1
»
i
n
h

-

heptadiene-2,3-dicarboxylate (101)

r

|

. and

Dimethyl 1-(p-toluenesulphonyl)-2-pyrrolyl fumgrate (102f
. : \

/

A solution of 2.21 g (0.01 mol) N-(p-tosyl)-pyrrole

,
§ ety BBl e miad

100 in 10 ml dry methylene chloride was added to one of 6.70 g

s
Iy

(0.05 mol) anhydrous aluminum chloride and 1.42 g (0.01 mol)

]

dihethyl acetylenedicarboxylate in 90 ml methylene chloride
dropwise with stirring. After stirring at 40° for 90 min, ice
was added and the organic layer was washed with 50 ml water,

Drying (NaZSO4) and evaporatioﬁ left a yellow solid, m.p. 128-

132° (1it°® 146° for pure adduct). The p.m.r. and t.l.c. of
this solid showed the presence of the two products 101 and 102
in a 3:2 ratio. Attempted separation by chromatogra?hy failed,

as did all fractional crystallizations; complete separation

could only be‘accoﬁplished by preparative t.l.c. on silica gel,
eluting with chloroform - benzene (1:1), The m.p., p.m.r., and .

u.v. of the Diels-Alder adduct were identical to those obtained

(T) by Prinzbach®®; i.r. (XBr) 1750 and 1735 and 172q (C=0%), 1648
] \ '
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(C=C of unsaturated diester), 1605 cm‘l; mas's spectrum m/e 363
(M*), 337 (M* - acetylene), 221 (N-(p-tosyl)-pyrrole), 208,
155, 91.

The side product was recrystallized from carbon tetra-

chloride, m.p. 159-160°; p.m.r. (CDC1,) & 2.48 (s, 3H,), 3.54

(s, Sﬁb)’ 3.95 (s, 3§C), 6.45 (m’-ﬂd’ Ee), 7.24 (s, ﬂf), 7.46 -

| AN
(Xz, Zﬂg), 7.53 (b.s, gh), 7.93 p.p.m. (AZ, Zﬁi); i.r. (KBr)

3160 (pyrrole ring), 1745-1730 (C=0's), 1655, 1650, 1600 cm 1;

mass spectrum m/e 363 (M*), 304 (M* - CH.COO), 240, 239, 208.
, 3

‘ Apﬁl. Calcd. for C,,H,,NO,S: C, 56.20; H, 4.68; N,
3.86. Found: C, 56.07; H, 4.61; N, 3,72:

A similarly catalyzed reaction using a threefold
excess of aluminum chloride produced the side product in high
yield; a sevenfold excess yielded roughly equal portions of

adduct and side product.
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F (Eu " 2,3-Dimethyl ezo-cis-5,6-dihydroxy-0-isopropylidene-N-(p-

% | toluenesulphonyl) -7-azabicyclo(2.2.1) -hept-2-ene-2,3-dicarboxy-

3 late (706a)

!

. To a sofution of 1.0.g (2.74 mmol) of adduct ggi_in}
? 30 ml anhydrous ethar and 20 ml acetone was added 2 ml osmium
tetroxide/ solution and 1 ml 30% hydrogen peroxide. The result-
ing solution was stirred vigorously at r.t. and monitored by
t.l.c., (silica gel, methylene chloride - benzene 1:1), After

60 h, the reaction mixture became clear and yellow, and t.1l.c.

showed the complete disappearance of starting material. The

' reaction was quenched with 20 ml 10% sodium bisulphite, and
this aqueous layer was back-extracted with éS ml ethyl acetate.
The combined organic layers were dried (Na2804) and evaporated,

leaving an orange o0il; p.m.r. (CDClS) § 2.24 (s, 3H), 3.65

R (s, 6H), 3.86 (s, 2H), 4.45 (b.s, 2H, exch. with D,0), 4.68

(s, 2H), 7.10 (XZ, ZH%, 7.50 p.p.m. (A 2H) 3 i.r. (film)~

2’
3450 (O-H), 1735 (C=0), 1650 (C=C of unsaturated diester), 1600

em™ (aromatic C=C).

The crude diol was ‘dissolved in 25 ml dry acetone,

and 10 ml 2,2-dimethoxypropane and 10 mg p-toluenesulphonic : f

acid monohydrate was added. Once t.1l.c. (silica4ge1, methylene
®

chloride) showed complete conve¥sion to the protected product

. ' having Rf~0.8, the solution was evaporated to dryness, and the
|
solid residue was recrystallized from methylene chloride - ether,

(“} . - m.,p. 182.5°. The yield was 50% (0.5 g) based on 101; p.m.f.
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s

( | (CDCl;) 6 1.28 (s, 3H), 1.47 (s, 3H), 2.39 (s, 3H), 3.72 (s,
6H), 4.42 (s, 2H), 4.80 (s, 2H), 7.25 (X,, 2H), 7.67 p.p.m. ,
(AZ’ 2H); i.r. (XBr) 1735 and 1725 (C=0's), 1645 (C=C of un-

> saturated diester), 1603 (aromatic C=C), 1390 and 1380 cm™' |
(gem-dimethyl); u.v. (95% EtOH) Amax 227 nm (e 17000) ; mass
spectrum m/e 422 (M* - CH,), 378 (M* - CH,C00) , 337 (3,4-di-
carbomefhoxy-N—(p-tosyl)-pyrrole), 306.

Anal. Calcd. for C20H23N088: C, 54.92; H, 5.30; N,

3.20; S, 7.32. Found: C, 54.64; H, 5.03; N, 3.10; S, 7.51,

e

2,3-Dimethyl emo—cisiﬁ,6-diacetoxy-N-Lp-toluenesulphonyl)-7—

azabicyclo(2.2.1)-hept-2-ene-2,3-di¢arboxylate (106b)

The crude diol was converted to the diacetate with
pyridine - acetic anhydride in the usual way. Also, the iso- i
propylidene derivative 106a (97 mg, 0.22 mmol) was dissolved in i

5 ml 50% aq. trifluroacetic acid and stirred for 5 min, then 'the

. ~N
solution was evaporated to dryness, using benzene as chaser. The

crude diol was converted to the same diacetate in the usual way.
Re;rystallization of the product from chloroform - ether afforded
80 mg (70%) white crystals, m.p. 165-60; p.m.T. (CDCls) § 2.12
(s, 6H), 2.40 (s, 3H), 3.71 (s, 6H), 4.90 (s, 4H), 7.25 (X,, 2H),
7j68 p.p.m. (A,, 2H); i.r. (KBr) 1745 (acetate), 1728 (C=0 of

\ unsaturated diester), 1652 (C=C of uhsaturated dié?ier), 1605
cm (aromatic C=C); mass spectrum m/e 481 (M*), 450 (M* -

. + . o
("\ CHSO), 422 (M CH3COO). n
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f ng-Dihydroly 2,4-dicarbomethoxy exo-cis=-6,7-dihydroxy-0-iso- C

propylidene-N-(p-toluenesulphonyl)-3-oxa-8-azabicycle(3.2.1 1"5) -

octane (107a)

-
- i
o TR

Sodium me taperiodate (4.1 g, 19.0 mmol) and ruthenium

B .

dioxide hydrate'?" (40 mg) were dissolved in'a potassium di- '
hydrogen phosphatev— sodium hy'droxide buffer solution (75 ml, N
pH 6), and t? this was-added dropwise a solution of 2.07 g ‘)
(4.75 mmol) of unsaturated diester 106a in 75 ml acetone. After "

2 h, another 500 mg periodate was added, and after 4 h, a final

i T %

e by

400 mg was added. After a total of 4.5 h, 10 ml isopropanol was

PN

added, and the mixture was filtered through a bed of Kieselguhr.

o -

The solid was washed well with chloroform, and the combinéd
filtrates were evaporated to remove the organi’h\ solvents. The
remaining aqueous solution was gxtracted with 3/ x 100 ml chloro-
form. Drying (Na,50,) and evaporation left a solid which was
re'crystallized from methylene chloride - carbon tetrachloride,

m.p. 2132215°; yield 1.2 g (558); p.m.r. (CDClg) § 1.034(s, 3H),

1.18 (s, 3H), 2.39 (s, 3H), ??74 (s, 6H), 4.24 (s, ZH), 4.50 (s,

(Az, 2H) ; i.r. (XKBr) 3400, and 3320,(O-H) » 1763, 1754, 1738,

1

1607 (aromatic C=C), 1389 cn™t; u.v. (95§ EtOH) A__. 233 mm (e

X N
16000) ; mass spectrum m/e 472 (M* - CHS)’ 457 (M* - CHZ-O), 454 ’?

L%
(M\* - CHS - HZO), 41‘4. ‘ . ‘ii

o Anal, Calcd. for CZOHZSNOIOS: C, S51.17; H, 4.94; N,

2.98; S,.4.83. Calcd. for C,.H NO,

20725

1S: C,\89.285 H, 5.17; N, 2.87; kS

\
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' . ) '
Z(Z S, 6.58, Found: C, 49.79, 49.66; H, 5.20, 5.10; N, 2.97; S, 6.61.

!

!

2,4-Dihydroxy 4-carbomethoxy exo-cis-6,7-dihydroxy-O-isopro-

pylidene-N-(p-toluenesulphonyl)-3-oxa-8-azabicyclo(®™2.11*%)-

octane-2-carboxylate (109)

l
The hydrated diester 107a (685 mg, 1.40 mmol) was

dissolved in 10 ml temmhydrofuran and to thlS was added slo%dy
}S,O ml\of 0.10N sodium hydroxide. The’ireaction was followed
by t.1.c. until the tota}.diSappearance of starting material
(22 h). The tetrahydrofuran was evaporated off under reduced
pressure, and the resulting aqueous suspension was extracted
with 10 ml' ethyl acetate to remove impurities. It was then
cooled in ice, acidified ‘to pH 3.5 with 3% hydrochloric acid
and extracted with 15 ml eth}l acetate, Re-acidificatioﬁ and
extraction was repeated three more times, and the comQ}ned
organic extracts were.dried (Na2804) and evaporated to dryness.
The\oily residue solidified when triturated with methylene
chloride, and recryéf%l}izatiyn ffom ethyl acetate - carbon tetra-
chloride afforded 400 mé (60%) of light white powder, m.p. 136-
189°;/p.m.r. (pyridine-dg) § 1.30.(s, 3H), 1.65 (s, 3H), 2.28
(s, 3H), 3.60 (s, 3H), 4.67 (q, 2H), .5.35-(a, 2H), 7.15 (X,,2H),
8 p.p.m. (Az, 2H) acid protdnuynder solvent absorption; i;r.
'\\k\fzgzi;\;fzohand 3340 (0-H), 1765 (ester), 1750 (acid), 1395 and
1385 cm"1 {gem-dimethyl) ; mass specg}um.m/e 442 (M* ; CHSO),
(Y . 439, 425, gio, 295. '

L.
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\ .
Anal. Calcd. for C19H23N0115: C, 48.20; H, 4.90; N,

2.96. Found: C, 48.49; H, 5.03; N, 3.25.

2-Methyl ezo-cis-5,6-dihydroxy-0-isopropylidene-N*¥(p-toluene-

~sulphonyl)-7-azabicyclo(2.2.1)hept-2-ene-2, 3-dicarboxylate (110)

The unsaturated diester lggg_(1.£78 g, 3.16 .mmol) was
dissolved in 40 ml tetrahydrafuran, and fo this was added slowly
31.6 ml éf 0.10N NaOH. The hydrolysis was followed by t.l.c.,
using silica gel and methylene chloride. After a short time,
all the diester was consumed, and the tetrahydrofuran was evap-
orated off under reduced pressure. The resulting aqueous mixture
was neutralized to pH 7 with 3% hydrochloric acid and extracted
with 25 ml ethyl acetate to remove neutral- impurities. It was
thﬁp cooled in ice, acidified to pH 3.5, and extracted with 2%
ml ethyl acetate.-The pH of the solution rose; thus it was
cooled, re-acidified to pH S\and extracted again. This procedure
was repeated once more. The combined organic extracts were
dried (Na2504) and evaporated, leaving a yellow oil. The product
could be c¢rystallized from either ethyl ether or chloroform -
carbon tetrachloride, m.p. 192-1930; yield 900 mg (70%); p.m.r.
(acetone-d6) § 1.34 (s, gHJ, 1.54 (s, 3H), 2.49 (s, 3H), 3.94
(s, 3H), 4.63 (q, 2H), 4.92 (m, 2H), 6.54 (b.T, 1H, position 1&

varies with concentration), 7.54 (X,, 2H), 7.80 p.p.m. (A,, 2H);
p.m.r. (CDCl;) § 1.28 (s, 3H), 1.52 (s, 3H), 2.42 (s, 3H), 3.96

1
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(s, 3H), 4.40 (s, 2H), 4.95 (s, 2H), 7.29 (X,, 2H), 7.65 (A,, 2H),
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9.1t p.p.m. (b.m, 1H, exch. with D,0); i.r. (KBr) 2800-2700 (acid),
1745 (ester C=Q), 1695 (acid C=0), 1633 (C=C of unsaturated di-
ester), 1607 (aromatic C=C), 1392 and 1383 cm-1 (gem-dimethyl) ;

"u.v. (acetonitrile) Amax 230 nm, shoulder 255; mass spectrum m/e

/
408 (M* - CHS)’ 306, 292.
Anal. Calcd. for C19H21N08$: C, 53.90; H, 5.00; N; 3.31;

S, 7.56. Found: C, 53.64; H, S5[.06; N, 3.51; S, 7.47.

2-Methyl exo-cis-5,6-dihydroxy-0O-isopropylidene-N-(p-toluene-

sulphonyl)-7-azabicyclo(2.2.1)heptane-2-¢ndo~3-exo-dicarboxylate
(112) |
and

2-Methyl exo-cis-s,6-dihydroxy-O-isoEropylidene-Nt(pitoluene-

sulphonyl)-7-azabicyclo(2.2.1)heptane-2,3-endo-dicarboxylate (113)

A solution of unsaturated acid ester 110 (690 mg, 1.63
mmol) in 30 ml dry tetrahydrofuran &és cooled to 0° in a dry
3-neck~10q ml round-bottomed flask equipped with septum, stop-
cocks and mercury bubbler and flushed with nitrogen. Borane -
tetrahydrofuran solution (1.65 ml, 1.0M) was added dropwise. The
temperature was allowed to rise to r.t., and the solution was
stirred 1 h. The reaction was quenched with water (5 ml) and
evaporated to dryness. Co-evaporation with methanol (3 x 15 ml)

left a semi-solid residue which was recrystallized from chloro-

N
form - carbon tetrachloride, affording 210 mg (30% yield) of the

“tpans-isomer 112 as a light white powder, m.p. 109-1L3°; p.m.r.
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(CDCly) 6 1.11 (b.s, 6H), 2.47 (s, 3H), 2.97 (d, 1H, J=6 Hz),
3.85 (s, 3H),_3.93 (m, 1H), 4.37 (s, 2H), 4.60 (m, 2H), 7.30
(XZ’ 2H), 7.85 (N 2H), 9. 35 p.p.m. (b.s, 1H, exch. with D O);’
p.m.T. (pyrldlne -d ) § 1.25 (s, 3H), 1.40 (s, 3H), 2.30 (s, SH),
3.53 (d, 1H, J=6 Hz), 3.84 (s, 3H), 4.43 (t, 1H, J=6 Hz), 4.84
(a, 2H), 506 (m, ZH), 7.47 (X,, 2H), 8.30 p.p.m. (A,, 2H), acid
proton under solvent absorption; i.r. ?KBr) zgoo-adﬁo (broad,
acid), 1755 (ester C=0), 1720 and 1705 (acid C=0), 1610 cm™l;
mass spectrum m/e 410 (M* - CHs), 394 (M* - CHz0), 270, 252.

[
Anal. Calcd. for C,o H,.NO,S: C, 53.64; H, 5.45; N, 3.29;

19723778
S, 7.54, Found: C, 53.38; H, 5.31; N, 3.16; S, 7.61.

Evaporation of the filtrate and addition of excess
carbon tetrachloride yielded 450 mg (65% yield) of the cis-isomer
113 as a white powder, m.p. 57- 61°, p m.r. (acetone-d ) § 1. 18
(s, 6H), 2.43 (s, 3H), 3.47 (m, 2H), 3 63 (s, 3H), 4.29 (m, ZH),
4.70 (q, 2H), 6.9 (b.m, 1H), 7.32 (Xz, 2H), 7.80 p.p.m. (Az, 2H) ;

i.r. and mass spectra similar to the trans-isomer.

2,3- Dimethyl exo-cis-5,6-dihydroxy-0O-isopropylidene-N-(p-toluene-

sulphonyl)-7-azabicyclo(2.2.1)heptane-2-endo-3-exo-dicarboxylate
(114) “
and, . .

2,3-Dimethyl exo-cis-5,6-dihydroxy-O-isopropylidene-N-(p-toluene-

sulphonyl)-7-azabicyclo(2.2.1)heptahe-2,3-endo-dicarboxylate (115) -

Methylation of the two acids was adcoﬁplished by dissolving

in a 1:1 mixture of ethyl ether - tetrahydrofuran and adding \




—

e g Y A S

i
¥
N

} " -123-
etheral diazomethane (app—roximately 0.3M)' dropwise until the
yellow colour pers\’jifsted. Stirring 2 h at r.t. and evaporation
to dryness afforded quantitétive )Fi‘a{ds of the diesters as
clear, cblorless oils, P.m.r. c_>f trans-diester 114 (CDCM13) 8
1.17 (b.s, 6H), 2.42 (s, 3H), 2.93 (d, 1H, J=6"Hz), 3.82 (s,
5 2H);
its p..m.r. spectrum in pyridine-d. displayed singlets at 1,25

6H), 3.7-4.6 (m's, 5H), 7.39 (X,, 2H), 7.92 p.p.m. (A

and 1.37 (3H each, gem-dimethyl), a doublet for the endo proton
(J=6 Hz) at 3.40; a singlet at 3.66 (endo-COOMe), a singlet at
3.80 (exo-COOMe), and a triplet (J=6 Hz) at 4.25 p.p.m. for

tile. exo proton. \

P.m.r. of eis-endo~-diester (CDC1,) 8 1.20 (b.s, 6H),
2.45 (s, 3H), 3.76 (s, 6H), 3.76 (m, 2H), 4.37 (m, 2H), 4.73

& R I TR PV SRR SR L8 s N O 2o o x ke T st L ]
5 B s R R G LS N R iy i S R o e R A - SR S N

PR (2R R T

(s, 2H), 7.36° (X,, 2H), 7.90 p.p.m. (A,, 2H),

s, o
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.EXPERIMENTAL - CHAPTER 3
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Cis-3,4-Dihydroxy-2,5-dimethoxytetrahydrofuran (154)

\ .
To a solution of 34,0 g (0.26 mol) 2,5-dimethoxy-2,5-"

et F

N M,
dihydrofuran in 250 ml acetone ahd 450 ml water cooled in an

-ice-salt bath was added 48, g (0.33 mdlj powdered potassium per-

EP

manganate in several lots with vigorous stirring. After the
y

final addition, the suspension was stirred 1 h at 2-5°. Hgating

i

to 50%for 20 min,conjérted the colloidally dissolved mangéﬁese
dioxide to a flocculent precipitate. This was removed by filtra-
tiog through a‘bed of Celite, and the precipitate was further
washed with 100 ml acetone. The combined filtrates were evapo-
rated under reduced pressure, and the ﬁesidue Qas triturated
with absolute ethanol. Thé resulting white solid was filtered‘
off, and the filtrate was distilled in vacuo. The product was
obtained as d viscous, colorless liquid, b.p. 120-130° (2 mm) ;

yield 18.4 g (43%). Gagnaire and Vottero!?® obtained a 453%

yield in a similar procedure, and they reported the p.m.r.; i.r.
(£ilm) 3430 (OH), 2960, 1140, 1035, 1000 cm™t,
After storage at r.t. for one day, the product was

completely cryﬁgalline; m.p. 59-62% (1it'*" 65-67°)

Cig-3,4-Diacetoxy-2,5-dime thoxytetrahydrofuran.(2126)

L]

(j\ Diol 12¢ was acetylated with pyridine and acetic anhydride
/ AN
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C

as usual, and the crude product was purified by passage through
a silica gel column eluting with benzene ether (10:1). The di-

acetate was obtained as a white solid, m.p. 90-20; p.m.T.

| (acetone-d) §,2.09 (s, 6H), 3.46 (s, 6H), 5.14 (b.s, 2H), /s._24
i p.p.m. Am, éH); i.r. (CHC1;) 1760, 1380, 1110 cm-l; mass spec- %
i trum m/e 218 (M* - CHZO). j §
E | Anal. Calcd. for C)gH;c0,: C, 48.38; H, 6.50. Fond: ' g
g (€, 48.60; H, 6.74. 1 %J
‘ {
; 68,7B—Dihydroxytropan;3-one (Teloidinone) (119) %
The hydrolysis of acetal 124 (6.50 g, 39.6 mmol) was $§
accomplished by warming to 50° with 40 ml 1IN hydrochloric acid i
for 30 min. The methanol formed was removed»by distillatién ;
under reduced pressure, and the resulting yellow, aqueous sol- ?
ution of meso-tartaric aldehyde was cooled and adjusted to pH :
5 by addition of 5N sodium hydroxide. This solution waé added
to a buffer solution of 55 g citric acid monohyérate and 537
ml 1.0N sodium hydroxide. Then 17.1 g (109.& mmol) acetonedi-
‘ Earboxylic acid was dissolved(in 75 ml water, adjusted to pH § .

] with SN sodium hydroxide, and added to the buffer solution.

E Finally, 4.76 g (70.5 mm913 methylamine hydrochloride dissolved
in the minimum amount of water was added. The light yellow
solution was stirred at r.t. for three days. The product was
isolated in one of twoways: (a) the solution was saturated .

(t) with potassium carbonate and extracted continuously with ether
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for a minimim of four days. The érystalliné teloidinone.sep-
arated from the ether extract, and it was collected daily. Con-
centration of the ether afforded a‘little more product. Zhe
total yield was 3.0 g (44%), m.p. 183-5° with decomposition
(1it'%7 188-9° for the crude). (b) The solution was concentrated
under reduced pressure to a volume of 150 ml and washed with

100 ml ethyl acetate to remove impurities. It was then saturated
with potassium carbonate and extracted with ethyl acetate (lb X
100 ml). The organic solvent was recycled and used to extract
several reactions. The brown solid obtained by evaporating off
the ethyl acetate was recrystallized from ethanol, m,p. 180-20;
yield 45%; p.m.r. (DMSO-d6, ext. TMS) 6§ 2.08 (b.s, 0.67H), 2.36
(b.s, 1.334), 2.76 (s, 3H), 2.80 (m, 1.33H), 2.98 (m, 0.67H),
3.45 (m, 2H), 3.90 (s, 2H), 4190 p.p.m. (b.m, 2H, exch. with
D,8); i.r. (KBr) 3490 and 3100 (0-H), 2980, 1725 (c-oj, 1145,

1

980, 760 cm ~; mass spectrum m/e 171 (M*), 111,

68,78-Dihydroxy-0-isopropylidene~-tropan-3-one (Teloidinone

acetonide) (129) i \

To a suspension of 4,71 g'(27.5 mmol)~teloidinoné 119
in 500 ml acetone was added 19.0 ml conc. hydrochloric acid with
vigorous stirring. This mixture was stirred at r.t: for(ZO h,
by which time it had become a clear, yellow solution. It was
then neutralized by bubbling in anhydrous ammonia (to pH 8-9),

and the resulting ammonium chloride filtered off. The precipitate

;@‘": Sialty
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was washed with another 100 ml acetone, and the filtrates were
evaporated to dryness in vacuo. The yellow solid residue was
recrystallized from petroleum ether (6d£80°); the product was
obtained as white needles, m.p. 84-86° (1it!** 87-90°). The
yield was 5.25 g (90%) inﬂﬁhree crops; p.m.r. (CDC13) § 1.34
(s, 3H), 1.55 (s, 3H), 2.06 (b.s, 0.67H), 2.34 (b.s, 1.33H),
2.61 (d, 1.33H), 2.75 (s, 3H), 2.87 (d, 0.67H), 3.55 (m, 2H),
4.42 p.p.m. (s,)zn); it (KBr) 3025, 2980, 2945, 1720 (C=0),
1395 and 1390 (gem-dimethyl), 1220, 1080, 1055, 873 cm l; mass

b

spectrum m/e 211 (M*), 196 (M* - CHy) .

68,78-Dihydroxy-0O-isopropylidene-N-carbethoxy tropan-3-one (130)
T

Freshly distilled ethyl chloroformate (6.2 ml, 76.3
mmol)\wés added to a sglution of 805 mg (3.8 mmol) of teloidinone
acetonide 129 &n 15 ml dry toluene. This solution was heated
to gentle reflux for 30 h, then evaporated to dryness under
reduced pressure. The solid residue was recrystallized from pet-
roleum ether (60-80°) - ether, affording an 85% yield of white
crystals, m.p. 77-78°; p.m.T. (CDC13) § 1.23 (s, 3H), 1.27 (t,
34), 1.40 (s, 3H), 2.48 (b.m, 4H), 4.15 (q, 2H), 4.40 (s, ZHﬁ,
4.46 p.p.m. (b.m, 2H); i.r. (KBr) 1720 (ketone), 1705 (urethane),
1395 and 1385 cm™1 (gem-dimethyl);/mass spectrum m/e 269 (M*),
254 (M* - CH3), 169, 168.

Anal. Calcd. for C13H19N05: C, 57.98; H, 7.11; N, 5.20.

Found: C, 57.82; H, 7.09; N, 5.22,

Pr—,
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6B8,78-Dihydroxy-0O-isopropylidene-N-carbomethoxy tropan-3-one
(131) |

s iciaa L o o

RO

Freshly distilled methyl chloroformate (29.6 ml, 0.384

o= 2

mol) was added to a solution of 4.05 g (0.0192 mol) of teloidinone
acetonide 129 in 50 ml dry benzene. This solution waé warmed /
to 60° and stirred for 20 h. Then the white precipitate (metho-

chloridg\lgg) was filtered off, and the filtrate was evaporated

PRI e v g T b eI

to dryness. The white solid residue was recrystallized from

anhydrous ether, m.p. 123-123.5°. Further crops were obtained

R

by adding petroleum ether (30-600) until the solvent was a 1:1

SRR s A ST A T s BN SRS T S SRR GE

) mixture. Total yield 3.6 g« (75%) in four crops; p.m.r. (CDC13)
§ 1.30 (s, 3H), 1.46 (s, 3H), 2.56 (b.m, 4H), 3.79 (s, 3H), 4.47 %
(s, 2H), 4.52 p.p.m. (b.m, 2H); i.r. (CC1,) 2980, 2950, 2890,
1730 (C=0's), 1460, 1395 and 1385 cm ! (gem-dimethyl); mass -
spectrum (150°) m/e 255 (M*), 240 (MY - CHS)’ 155, 154. | i
Anal. Calcd. for ClZHl7N05 C, 56.46; H, 6.71; N,‘5.49.
Found: C, 56.34; H, 6, ?6 N, §5.52.
Evaporation of the last filtrate left 275 mg (6 3%)
unreacted starting material. 5

v
& 3

66,7B—Dihydroxy—0-isopropy1idenq-ttégan-S-one methochloride (134)

AN The side product isolated above was quite pure, and it
was obtained in 17% yield (875 mg). An analytical sample was pre-

(j) pared by dissolving in methanol and adding anhydrous ether until
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partial reprecipitation had occurred, then cooling; m.p. 168-

170° with charring; p.m.r. (D,0) §,1.53 (s, 3H), 1.79 (s, 3H),

2.80 (b.s, 0.67H), 3.14 (b.s, 1.33H), 3.43 (d, 1.33H), 3.60(s,

3H), 3.70 (b.m, 0.67H), 3.80 (s, 3H), 4.70 (d, 2H), 5.25 p.p.m, S

(b.s, 2H); i.r. (KBr) 3120, 3025, 3005, 2950, 1730 (C-Of, 1395

(gem-dimethyl), 1215, 1160, 1065 cm'l; mass spectrum (1500) m/e

225 (M* - HCl, Hoffman elimination), 210 (M* - HCl - CH), 167.
Anal. Calcd. for C,.H §N63: C, 55.065 H, 7.70; N, 5.35,

1220
Found: C, 55.01; H, 7.52; N, 5.07.

Regeneration ot Teloidinone Acetonide (129) from methochloride 134

1

The methochloride 134 (262 mg, lmmol) and 1,4-diaza-
bicyclo(2.2.2)octane (224 mg, 2 mmol) were dissolved in 5 ml DMF
and heated to reflux under nitrogen for 3 h. Water (25 ml) was
added, and this solution was extracted with 50 ml benzene. Thg/
organic layer was dried (Na2804) and evaporated, leaving a brown
semi-solid which was chromatographed on a short a}umina column,
eluting with ether. The prodhct was recovered as yellowish crys-
tals, identical to teloidinope acetonide (129) by i.r. and t.l.c.;

yield: 30 mg (14%).

66,7B-Dihydroxy-o-iso§}0py1idene-tropén-S-one methiodide (136)

— i
Teloidinone acetonide 729 (86 mg, 0.42 mmol) was dissolved

in 10 ml dry benzene in a glass'pressure bottle. Methyl iodide

{l ml) was added, and the solution was heated to 80° ‘for 24 h.

e , =, LT G R 22 i S S T S S R S R e it
At S PN o R e SRR et . o
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The mixture was then cooled, and the yellowish pfecipitate was

collected; yield 43 mg; m.p. 186-189°% with charring. The p.m.r,

specfrum of this methiodide in Dzo-acetone-d6 was similar to

that of methochloride 13¢; i.r. (KBr) 1750 cm'1 (C=0) ; the mass

A

: [
spectrum (200°) was almost exactly identical to that of 134,

displaying a molecular ion at m/e 225 (M* - HI, Hoffman elim-

ination) .

I i

6a,7a-Dihydroxy-0O-isopropylidene-8-thiatropan-3-one (136)

\
Sodium sulphide hydrate (NaZS.QH 0, 1.04 g, 4.3 mmol)

2
was dissolved in 15 ml ethanol - water (2:1), \and to this was
added 378 mg (1.44 mmol) methochloride 134 invls ml ethanol -
water (2:1). The solution was heated 30 min at 50°, then stirre?

1 h at r.t. The ethanol was removed under reduced pressure, and

the resulting aqueous mixture was extracted with methylene
chloride (3 x 15 ml). Drying (NaZSO4) and-evaporation afforded

200 mg of a yellow solid which consisted of a 6:1 mixture of

8-thiatropan-3-one 136 and teloidinone acetonide 129 by p.m.r.
Purification by chromatography on 20 x 20 cm silica gel plates,

using ether - hexanes (3:2) as the solvent system, afforded

R SRR S

o
i

s

145 mg (47%) of a white powder, m.p. 114-115.5°, An analytical
sample was obtained by recrystallization from petroleum ether
(60-80°), m.p. 115.5-116.5%; p.m.r. (CDCl;) § 1.35, 1.37 (s, s,
6H), 2.40 (d, 0.4H), 2.69 (d, 1.6H), 2.87 (d, 1.6H), 3.16 (d,

O 0.4H), 3.46 (b.m, 2H), 4.88 p.p.m. (g, 2H); i.r. (KBr) 3000, y
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”

2940, 1720 (C=0), 1390 and,1383 cm™! (gem-dimethyl); mass spec-

Q

trum (130°) m/e 214 (M*), 199 (M* - CHy) .

0,S: C, 56.07; H, 6.59. Found:

Anal. Calcd., for C10H14 3

O

C, 56.10; H, 6.53.

65,7B-Diaéetoxy-N-carbomethoxy tropan-3-one (140)
]

and

6B8-Acetoxy-78-trifluorcacetoxy-N-carbomethoxy tropan-3-one (141)

N-c-.rbomethov.y 'teloidinone acetonide 131 (255 mg, 1 mmol) was dissolved

/ .

in 5 ml1 30% trifluoroacetic acid "~ water and heated to 55°. The
reaction was cdrried out in a 50 ml flask with no stopper, and

it was followed by p.m.r. After 2 h another 0.5 ml trifluoro-
acetic acid was added, and heat%ng was continued for 2 h more. ™
By this time p.m.r. showeg the almost complete disappearance

of the isopropylidene group, so the solution was evaporated to
dryness, using benzene as chaser, Acetylation was carried out
with } ml pyridine and 1 ml acetic anhydride for 4 h at r.t.

The solution was then evaporated to dryness and passed through

a small silica gel column, eluting with methylene chloride. The
eluate was evap?rated to near dryness, and excess ethyl ether

was* added to precipitate out the product. The solid was collected,
and cooling the filtrate afforded a second crop; total yield

175 mg, 60%; m.p. 157-159°; p.m.r. (CDCl;) & 2.03 (s, 6H), 2.61
(b.m, 4H), 3.73 (s, 3H), 4.47 (b.m, 2H), 5.02 p.p.m. (s, 2H);

i.r. (Kgr) 1755-1745 (acetates), 1720-1710 c.:m'1 (urethane and

|

1
/
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PR
ketone) ; mass spectrum (150°) m/e 299 (M*), 239 (M* - CH,CO0),
197, 154, |

\
Anal. Calcd. for C,,H,.NO,: C, 52.17; H, 5.73; N, 4.68.

~ 1371777
Found: C, 52.03; H, 5.5k N, 4.73.

When this s%me sequence of reactions was carried out
with an acid solution that was more than 60% trifluorocacetic
acid and heated above 700, a large amount of 68-acetoxy-78-tri-
fluoroacetoxy-N-carbomethoxy tropan-3-one (141) was obtained
mixed with the deiireq product; p.m.r,. (CDC13) §-2.07 (s, 3H),
2.67 (b.m, 4H), 3.80 (s, 3H), 4.57 (b.m,, 2H), 5.17 p.p.m. (q,
2H) ; i.r. (CHC13) 1800 (trifluoroacetate), 1760 (acetate), 1720

(urethane and ketone), 1460 cm_l; mass spectrum (1000) m/e 353

(M*), 334 (M* - F), 322 (M* - CH0). »

2-Hydroxy 68,78-diacetoxy-N-carbomethoxy tropan-3-one (142)
L4

Diacetate 14¢ (205 mg, 0.685 mmol) was dissolved in
2 ml glacial acetic acid, and a solutidn of thallium trinitrate
trihydrate (400 mg, 0.9 mmol) in 1.3 ml acetic acid was added.
Five drops of concentrated nitric acid was then added, and the
solution was stirred overnight at r.t. The solid was filtered
off, and the filtrate was neutralized with 10% sodium bicarbonate
and with solid sodium bicarbonate. The resultiné mixture (approx.
35 ml) was allowed to stand at r.t. overnight, then the precipi-
tate was filtered off. The aqueous filtrate was extracted with

3 x 30 ml methylene chloride. Drying (MgSO4) and evaporation

N\
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' afforded a white foam. This was dissolved in carbon tetrachloride

and excess ethyl ether was added. On cooling, 80 mg (38% yield)
of a white powder was recovered, ‘m.p. 160-161.5°%; p.m.r. (CDCl )
& 2.06 (s, 3H)/’2 15 (s, 3H), 2.70 (n's, ?h), 3.88 (s, 3H), 4.60

-,
B A e e B LB R

(m, 1H), 4.82-5,63 p. p m, (m's, SH; 1H at 5.4 moved ‘downfield
by CF,COOH); i.r. (KBr) 1780 and 1760 (acetates), 1720 and 1705

LN

" (urethane), 1650 ijl (a-hydfoxy ketone) ; mass spectrum (1550)
m/e 315 (M*), 314 (M* - Hi, 272 (M* - H - CHZCO), 235.7 (M*,
314 + 272), 212, 196, 184,

L Anal. Calcd. for C H17N08: C, 49.52; H, 5.44; N, 4.44,

13
Found: C, 49.38; H, 5.21; N, 4.49,

;
i
:
|
¥

2,4—Difurfury1idene-66;78-dihydroxy-O-iSOprqpyliaene‘trgpan—S-one\,

(144) " ;

<« Te oidinone acetonide 129 (422 mg, 2 mmol) was dissolved
in 4 ml of 95% ethanol and cooled in ice. A solution of 88\hgu
(2.2 mmol) sodiym hydroxide in 1 ml water was added, followed‘
by a,solution of 200 mg (2.1 mmol) fsqibly distilled furfuraldehyde
in 1 ml ethanol. A?yellow precipitate w;; soon fonmﬁg. The mixture
was stirred 30 min, 5 ml water was added, and the precipitate
Qés harvested. The bright yellow product was recrystallized from
cﬁloroform - absolute etRanol as yellow crystals in 50% yield, ’
m.p. 218-221° w1th‘%%arr1ng p.m.T. (CDClS) § 1.34 (s, 3H), 1 66
(s, 3H); 2.50 (s, 3H), 4. 60, (s, 2H), 4.86 (s, 2H), 6.58 (q, zu),

6,80 (d, 2H), 7.66 p.p.m. (b.m, 4H); i.r. (KBr) 3160, 3120, 1675 -

v




™

" Found: C, 63.97: H, 5.02; N, 3.26.

1

(ketone), 1615, 1590, 1550, 1480 cm™*; mass spectrum (200°) m/e

367 (M*), 352 (M* - CHS)’ 267, 238, : '

\

2,4-Difurfurylidene-68,7B-dihydroxy-0-isopr0pylidene—N—carbomethoxyl

tropan-3-one (14§)
AN

+ The same conditions as on the previous page (for 144) were
empioyed, affording a 45% yield of product .as yellow crystals |
recrystallized from chloroform - absolute ethanol, m.p. 198-202°
with charring; p.m.r. (CDCIS) 6§ 1.33 (s, 3H), 1.53 (s} 3H), 3.70 \\
(s, 3H), 4.66 (s, 2H), 5s96 (b.m, 2H), 6.60 (q, 2H), 6.86 (d, 2H),
7.53 (b.s, 2H), 7.77 p.p.m. (b.m, 2H); i.r. (KBr) 3150, 1715
(urethane), 1680 (ketone), 1620, 158§, 1550 cm'l; mass spectrum
(180°) m/e 411 (M*), 396 (M* - CH,), 353, 311, 252 |

1 "
NO.: C, 64.22; H, 5.15; N, 3.40.

Anal. Calcd. for CZZHZI 7

N

,.Wheﬁ thiﬁlreactgon was repeated with a twofold excess 4

of furfuraldehyde, an 81% yield of recrystallized product was > E
obéained. : ¢ oo ! , %
\ ' v ;

68,78-Dihydroxy-0-isopropylidene-tropan-3-one morpholine enamine

() | ‘

\

Teloidinone acetbnide 129 (100 mg, 0.4 mmol) was
\ - - :
dissolved in 10 ml dry benzene in a 50 ml 3-neck flask equipped

with a drying tube and two septums. This was cooled in ice, and
. ; L
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_‘pholine enamine (148)

~135-
! N
excess morpholine (0.16 ml, 2 mmol) was addéd. Then 0.8 ml of a
0.30M solution of titanium tetrachloride!®? in benzene was added,
and the ice was allowed to melt. The solution was §tirred at
r.t. overnight, The origina%ly yellow salution became colorless,
and a white precipitate formed. The solid (morpholine\hydro4
chloride) was'filtered off, and the filtrate was evaporated to
dryness. The resulting semi-solid'product was obtained in nearly
quantitative yield. An analytigal sample was prepare@ by re-
crystallization from petroleumlethgr (60—800), m.p. 100—1010,
but this also caused substantial decomposition of the product,
probably due to water in the solvent. P.m.r. (CDC13) 6}1.16 (Q,
SH), 1.32 (s, 0.4H), 1.38 (s, 3H), 1.58 (s,p0.6H), 2:10-2.48
(b,m, 1H), 2.26 és, 3H, N-§§3), 2.64 (ﬂéftgf CﬁZ-N-CQZ), 3.13
(q, 2H) Cng(Cﬂs)-ng, 3.52 (m, 4H, cgz-o-cgz), 4.20 p.p.m. (m,
3H, C~C-H and O-CH-CH-0); i.r. (KBr) 3070 (C-C-H), 1620 cm™l
(C=C); mass spectrum (130°) m/e 280 (M*), 265 (M* - CHy), 221,
179. -
| Anal. Calcd.\fbr C,H,,N,0,: C, 64.26; H, 8.63; N, 9.99.

157247273°
Found: C, 64.11; H, 8.48; N, 10.07.

!

‘68,7B—Dihydroxy-o-isopropyliden¢—N—carbomethoxy tropan-3-one
B

morpholine enamine (147)

and ‘ /

A

6B,73—Dihydroﬁxfo-isopropyladenenN—carbethoxy tropan-3-one mor-

4




-136-

3
.

These'were prepared in exactly the same way as 14&, in
75 and 95% yield respectively. Both were oils, and both displayed
a weak band about 3070 ;m—l (&=C-H) in the i.r. spectra, as well

as a band at 1710 (urethane) and at 1630 em” L

(C=C). Interestingly,
both p.m.r. Spectia also displaxed_a broad singlet at about 1.70
p.p.m. igtegrating for 0.4H, and a broad singlet at 1f%§ inte-
grating for 0.6H, simiiar to the N-methyl compound 146. These

absorptions are probably due to the a proton at C-4.

, 4
’ 1

78,88-Dihydroxy-O-isopropylidene—N—carbdmethoxy 3-oxa-9-azabi-

cyclo(4.2.1%% Ynonan-4-one (150)

Ketone 131 (2.52 g, 9.9 mmol) was dissolved in 60 ml
1,2-dichloroethane, and to this was added 5.0 g (25 mmol) of
85% m-chloroperbenzoic acid and 20 mg 2,4,6-tri(t-butyl)phenol.
This mixture wés heated to 55° and followed by. gas' chromato-
graphy (Hewlett-Packard 700 Laboratory Chromatograph, SE-30
Ultraphase (10% w/w) with Chromosorb W support in 6' x 1/8"
column) . Afﬁf& 22 h the starting material had disappeared, and
the solution was cooled to -15° for 30 min to précipitate out
most of the m-CthTOanZOiC'QCidf'Thé/;éid was filtered off, and
the filtrate was washéﬁ/g;;cessively with cold 10% sodium bi-
sulphite (15 ml), cold 10% sodium bicarbonate (3 x 15 ml) and
saturated salt solution (20 ml) . The organic phase was dried
(MgSO4)'andRevaporated off, leaviﬁg a partially solidified oil.

yThis was disSolved in anhydrous ether and dllowed to crystallize
\
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out at —léo, m.p. 117-8°, Mére product was obtained by adding
petroleum ether (30-60°) and cooling, total yield 1.6 g (60%); ™
p.m.T. (pDClS) § 1.26 (s, 3H), 1.40 (s, 3H), 2.93 (m, 2H), 3.73
(s, 3H), 4.33 (b.m, 4H), 4.53 (d, 1H), 4.86 p.p.m. (d, 1H); i.r.
(CC1,) 3000, 2960, 1755 (lactone), 1725 (urethane), 1455, 1392
and 1382 c:m'1 (gem-dimethyl); mass spectrum (1506) m/e 271 (M%),
256 (M* - CHy), 240 (M* - CH;0), 214 (M* - CH; - CH,=C=0), 179.0
(M*, 256 -+ 214), 142. |

Apal. Calcdr for C12H17NO6: c, 53.13; H, 6.32; N, 5.16.

Found: C, 53.29; H, 6.41; N, 5.11.
\

3,4-0-Isopropylidene 28—(2‘-hydroxyethyl)—SB-hydrox&methyl-Nﬂ

carbome thoxypyrrolidine-3a,4a-diol (156)

The lactone 150 (184 mg, 0.68 mmol) was dissolved in
5 ml dry toluene aqd syringed into a 25 ml 3-neck flask equipped
with septum, stopcocks and mercury bubbler. The apparatusdﬁas
flushed with dry nitrogen and cooled to 0°. A solutien of di-
isobutylaluminum hydride (8 ml of a 0.175M sglution) was added
dropwise over 5 min with a syringe. The reaction was allowed
to proceed at 5° for 3 h. #hen 1 ml methanol was added, followed
by 0.5 ml' ethyl acetate. The mixture was filtered through a bed
of Kieselguhr, and the filtrate was evaporated to dryness. The
resulting oil was chroﬁétographed on silica gel, elutiné with
ethyl acetate - ethyl ether (1:1). The diol was recovered as a

clear, colorless oil in 30% yield; p.m.r. (CDCl;) § 1.26 (s, 3H),
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~

) 1.41 (s, 3H), 1.80 (b.m, 2H, CH -CHZ—OH), 3.60 (b.m, 4H), 3.68

2
(s, 3H), 3.85-4.2 (b.m, 2H), 4.25-4.74 p.p.m. (m's, 2H, O-CH-CH-O0);

s et

i.r. (film) 3470 (O-H), 1700 cm-1 (urethane); mass spectrum (1200)

m/e 275 (M*), 260 (M* - CHg), 258 (M* - HO),[244 (M* -CH;0) ,
200. ‘

3,4-0-Isopropylidene 28-(2'-acetoxyethyl)-58-acetoxymethyl-N-

carbomethoxypyrrolidine-3a,4a-diol (157)

The diol 1568 was acetylated overnight with pyridine

and acetic¢ anhydride, and work-up as usual afforded the diacetate

1
et ekt et es amtr ad b Akl o oAt R e ok gt i o Ra o

as a clear, colorless oil which only partly solidified after
several weeks; p.m.r. (CDCl;) § 1.27 (s, 3H), 1.42 (s, 3H), 1.95 \

(b.m, 2H, CH -CHZ-OAc), 2.02 (s, 3H, COCﬂS), 2.05 (s, 3H, COCQS),

2
3.68 (s, 3H), 3.9-4.35 (b.m, 6H), 4.63 p.p.m. (q, 2H, 0-CH-CH-0);

i.r. (film) 1750 (acetates), 1710 cm-1 (urethane) ; mass spectrum

(120°) m/e 344 (M* - CHy)5 300 (M* - CHSCOO), 286 (M* - CH4COOCH,),

1]
272 (M* - CH

3COOCHZCHZ).

, .
Methyl-2-(2a,3a-dihydroxy-O-isopropylidene-48-hydroxymethyl-N-

carbomethoxypyrrolidin-18-yl)-acetate (158)

The lactone 150 (2.38 g, 8.8 mmol) was dissolved in
40 ml dry methanol under an atmosﬁhere of dry nitrogen, and to
f
this was added a solution of 223 mg.(9.7 mmol) sodium in 20 'ml ™/

N
dry methanol. The resulting yellow solution was allowed to

ol
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stand at r.t. for 18 h, then cooled in ice and neutralized with
5N hydrochloric acid. The resulting solution was evaporéted to
dryness, and the ;esidue triturated with methylene chloride.

The inorganic salt was filtered off and washed well, and the
filtrate was drled [MgSO ) and evgporated to dryness. The oily
orange re51due (2 4 g) was gulte pure by p.m.r., and was used
d1rectly in the next step. f.m.r. (CDC1;) § 1.30 (s, 3H), 1.47
(s, 3H), 2.71 (d, 2H, CEZCOOMg), 3.50 (b.m, 2H, exch. with DZOl,
3.70 (s, 6H, 2 x COOCES), 3.70 (b.m, 2H), 3.92-4.85 p.p.m. (m's,
4H); i.r. (film) 3480 (O-H), 1740-1710 (C=0's), 1460, 1390 cm™};

| mass spectrum (110°) m/e 303 (M*), 288 (M* - CH,), 286 (M* -OH),
. 285 (M™ - H,0), 272 (M* - CH;0), 256, 240, 230.

Methyl-Z-(Za,3a-dihydroxy~0—isopfoPylidene-4B-t-butyldimethyl-

/J—/-\Q :
siloxymethyl-N-carbomethoxypyrrolidin-18-yl)-acetate (159) ‘\\

The crude alcohol 158 (2.4 g, 8 mmol) was diséolved in
dfy N,N-dimethylformamide (15 ml), and to.this was added 16 ¢g .
(10.5 mmol) tert-butyldimethylsilyl chloride'’® and 1.43 g
(21 mmol) 1m1dazole This solution was stlrred at r.t. over-
night, then evaporated to dryness in vacuo. The residue was
gpartitioned between methylene -chloride (35 ml) and water (25 ml),
*and the organic layer was further washgd with water (3 x 20 ml),
dried (MgSO4) and evaporated. The crude silyl ether was purified
by passage through a short silica gel column, elufing with

ethyl ether. The product was obtained as a slightly yellow oil,

'
\
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.
/

(t yieid 3.0 g (85% based on lactone 150); p.m.rT. (CCl,, ext. TMS)

T ARty fery o W, Mo T I

§ 0.14 (s, 6H, dimethylsilyl), 0.96 (s, 9H, tert-butylsilyl),

~

P Y

1.30 (s, 3H), 1.46 (s, 3H), 2.55 (m, 2H, CH,COOMe), 3.66 (s,

2
6H, 2 x COOCE3), 3.68 (b.m, 2H), 3.77-4.66 p.p.m. (m's, 4H);

w e WrSE

i.r. (£ilm) 2960, 1750 (ester), 1720 (urethane), 1460, 1390 cm *;

mass spectrum (100°) m/e 402 (M* - CH;), 386 (M* - CH,0), 360
(M* - (CHg) 5C), 302, 272, 228,
: . Anal. Calcd. for CygHqNO.Si: C, 54.65; H, 8.45; N,
; 3.35. Found: C, 54.52; H, 8.27; N, 3.38. “

{ . \ \
3,4-0-Isopropylidene 28-(2'-hydroxyethyl)-58-tert-butyldimethyl-

siloxymethyl~N~carbome thoxypyrrolidine-3a,da-diol (160)

Ester 159 (526 ﬁg, 1.26 mmol) was dissolved in %0 ml
dry tetrahydﬁofuran in a 50 ?& J-neck flaék equipped with septum,
stopcocks and mercury bubble@. The apparatus was flushed with
nitrogen, cooled to 0°, ana 4.Aml of a 1Mw§g§ane-THF solution
was added with a syringe. The ice was allowed to melt, and the

“solution was allowed to stand at r.t. for 2 d. Then 1 mi me th-

T

anol was added, and the solution was evaporated to dryness. Co-
X evaporation with methanol (2 x 15 m1l) left an oily residue which

was chromatographed on silica gel. Elution with ethyl acetate -

methylene chloride (1:5) recovered.unreacted ester, then elution
with a 1:1 mixture of the same solvents afforded 350'mg (70%
yield) of alcoholic product as a clear, colorless oil; p.m.r.

(cCi,) &§ 0.08 (s, 6H, dimethylsilyl), 0.91 (s, 9H, tert-butyl-
, 4 ]

o]
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silyl), 1.27 (s, 3H), 1.42 (s, 3H), 1.60 (b.m, 2H, CH-CH,-CH,) ,

3.24-4.17 (b.m's, 7H, 1H exch. with D.0 at about 3.5), 3.60 (s,

2
3H), 4.24 (b.d, 1H, CH-0), 4.51 p.p.m. (b.d, 1H, CH-0); i.r.

(£ilm) #3490 (0-H), 1710 and 1695 (urethane), 1460, 1390 cm™L;

mass spectrum (95°) m/e 374 (M* - CH;), 332 (M* - Me,C), 300

(M* - MeSC - CH3OH), 274 (M* -\Me3C(CH3)ZSi), 271.0 (M*, 332 «

300) .

//
3,4-0-Isopropylidene 28-(2'-heszloxymethyl)-SB-tert-butyldimethyl-
siloxymethyl-N-carbome thoxypyrrolidine-3a,4a-diol (161) B

To a solution of 100 mg (0.257 mmol) of alcohél 160
in 6 ml1 dry methylene chloride was added 2.35 ml of a 0.167M

. - -l ., o, S e e "y s R A :, b P T S ST
e e R s PR TR AT e e T S e R T S R R R

solution of triethylamine in dry dichloromethane. This solution

P

was cboled to -50° (dry. ice -~ acetone), and 0.92 ml of a 0.32M
solution of methanesulphonyl chloride in methylene chléride was\
added to it dropwise.‘The solution was ﬁllowed to warm up to

r.t., then stirred 1 h. It wag then washed with 2 x 10 ml cold
water. The organic layer was dried/gMgSO4) and evaporated, 1eaviné -

the clear, colerless mesylate in nearly quantitative yield; p.m.r,

. (CC1,) & 0.09 (s, 6H), 0.92 (s, 9H), 1.29 (s, 3H), 1.42 (s, 3H), f
1.97 (b.m, 2H), 2.93 (s, 3H, osoZC§3): 3.60 (b.m, 2H, CH,081i) , %
3.62 (s, ), 5.7-4.6 p.p.m. (m's, 6H); i.T. (£ilm) 1710 (ure- j§
thane), 1460, 1365 and 1180 cﬁ-l (mesylate) ; ‘mass spectrum (1300) lf
m/e 410° (M* - Me,C), 322 (M* - Me;C(CHj),5i0CH,). - . fé

Anal. Calcd. for C19H37N8088i: C, 48.80; H, 7.?7; N, ;

3.00. Found: C, 48.52; H, 7.81; N, 2.83. . oo
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Methyl-2-(2a,3a~-dihydroxy-0O-isopropylidene-48-t-butyldimethyl-
siloxymethyl-N-carbomethoxypyrrolidin-18-yl)-acrylate (163)

L

A three necked 50 ml flask equipped w1th a septum,
StOpCOCkS and a mercury bubbler waslflushed with dry nitrogen
and charged with 11.5 ml of a 0,26M solution of l1ithium diiso-.
propylamine in dry tetrahydrofuran!®’ . This was cooled to -78°
in an acetone - dry ice bath, and a solution of 1.015 g (2.45
mmol) of ester 159 in 15 ml tetrahydrofuran Qas added with a
syringe over a three minute period., The flask was allowed to
slowly warm up to ~259, aqd then dry cafﬁop‘dioxide was bubbled
into the solution for 10 m}n via a syringe needle. The resul-
ting yellow solution was neutralized fo pH 6 with 10% hydro-
chloric acid, ‘and the precipitated diisopropylamine hydrochlo-
ride was filterea off. The filtrate was evaporated to dryness,
and the residue was used in the next reaction without further
purificatioh. L

The crude malonic acid was heated to 50° with 1.3 ml
(12.25 mmol) dieth¥lamine éné 2.5 ml of 37% aq. formaldehyde
for 30 min, then 250 mg sodium\acetate and 2.5 ml glacial acetic
acid was added. The mixture was heated to 50° fog 20 min, then
allowed to cool. Water (20 ml) was added, and éie aqueous mix-
ture was extracted with methylene chloride (3 x 25 ml). The
organic extracts werg\dried (MgSO4) and evaporated, and the
érude product was chromatographed on silica gel. Elution with

ether - hexane (2:1) afforded the product as a clear, colorless
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0il in 80% yield. An analytical sample was obtained by prep-

arative t.1.c. on a 20 x 20 cm silica gel plate using ether -

hexane (1:1) as the solvent system; p.m.r. (acetone*d6) 5 0.12 ‘
(s, 6H), 0.92 (s, 9H), 1.29 (s, 3H), 1.45 (s, 3H), 3.60 (s, 3H),
3.72 (s, 3H), 3.75 (b.m, 1H), 3.83-4.33 (m's, 2H), 4.40-4.85
(m's, 3H), 5.70 (m, 1H, C=C-H), 6.10 p.p.m. (m, 1H, C=C-H);

”.

i.r. (film) 2975, 29507 2875, 1735-1720 (C=0's), 1650 (C=C),
. ‘

1460, 1390 cm™*; mass spectrum (130°) m/e 414 (M* - CHy), 398

k * +
¥ (M CH30), 372 (M (CHS)SC)’ 360. v
¥ - . 3
§ \ Anal. Calcd. for C20H35N0781. Cc, 55.92; H, 8'21\ N, o
: 3.26. Found: C, 55.65; H, 8.44; N, 3.47. .
L N 1
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- EXPERIMENTAL - CHAPTER 4

2-(2'a,3'a-Dihydroxy~0O-isopropylidene-4'g-t-butyldimethylsiloxy- k

methyl-N-carbomethoxypyrrolidin-1'8-yl)-maleimide (1665) ’ %
3

The olefin ester 1§§ (280 mg, 0.65 mmol) was dissolved 3
in 45 ml dry ethyl acetate and treated with ozone at -78°, Dry
nitrogen was bubbled through the solution to remove excess ozone,
and dimethyl sulphide (0.1 ml, 1.3 mmol) was added.aThe mixture x
was stirred for 30 min at -600, then allowed to warm up to r.t. %

_ﬁnd stand 5 h. It was washed with 3 x 25 ml of saturated salt %

solutioh, dried (NaZSO4) and evaporated to dryness. The residue w

(270 mg) displé;éd norolefihic absorption in the i.r. spectrum,

\fut appeared impure by p.m.T. . ﬂ _ g
\ The crude product was dissolved in 10 ml dry chloroform r

ahd 208 mg (0.65 mmol) of carbéﬁ3ylmethy1enetriphenylphosphorane“5

was added. The yellow solution was stirred for 3 h at r.t., then

evaporated to dryness. The oily residue was separated on 20 x 20

cm silica gel plates using ether - hexane (3:1) as the solvent

system, and 150 mg of a clear, colorless oil was recovered. The

product was crysta}lized from etﬁ&i - hexane, m.p. 58-89o in 40% 2
overall yiéld based on olefin ester 163;.p.m.r. (CDC13) § 0.07 ﬁ%
(s, 6H), 0.87 (s, 9H), 1.33 (s, 3H), 1.52 (s, 3H), 3.66 (s, 3H), 3
3,72/ (b.m, 2H), 4.22 (m, 1H), 4.50-4.90 (m's, 3H), 6.25 (t, 1H,
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/

C=C-H), 8.06 p.p.m. (b.m, N-H); i.r. (KBr) 3250 (maleimide N-H),
3 2970, 2950, 2870, 1787, 1738, 1695 (urethane), 1655 (maleimide
C=C), 1460, 1390 cm™; u.v. (EtOH) A_,  221.3 nm (e 18000),
¥ shoulder ~275 nm (e 1000); mass spectrum (170°) m/e 425 (M* -
CHy), 383 (M* - (CHy) C), 325 (M° - (CHSJSCfCHS{ZSi).

~ Anal. Calcd. for CZOH N,0,Si: C, 54.52; H, 7.3Z2; N,

327277

6.36. Found: C, 54.54; H, 7.52; N, 6.5(Q.
- . “ !

E IO ks

: . 2-(2'a,3'a-Dihydroxy-4'g8-hydroxymethyl-N-carbomethoxypyrrol -

\idin-lB-yl)-maleimide (167)

Blocked showdomycin analogue 165 (130 mg, 0.30 mmol)
was dissolved in 3 ml of 50% aqueous trifluoroacetic acid. After
standing at r.t. for S5 min, the solution was evaporated to dry- :
ness . Separation on a 20 x 20 cm sil;ca gel plaée, eluiing with ' ? \

ethyl acetate, afforded 70 mg (75%) of a clear colorless oil ¥

1 . which would not crystallize; p.m.r. (aceﬂpne-dﬁ, external TMS)
§ 3.15 (b.m, 2H), 3.60 (s, 3H), 3.65-4.80 (b.m's, 7H), a.60 (d,
1H), 9.5 p.p.m. (b.m, 1H); i.r. (£ilm) 1780, 1730-1700, 1650 cm™t

.

L

(C=0, C=2C), 3350 em™ ! (OH) ; mass spectrum (1500) m/e 268 (M* -

H,0), 255 (M* - CH,0), 237 (M* - CH40 - H,0), 220 (M*, 255 » 237),
)

P 205, 117, 59,

-~
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\

e Ethyl-2-(2a, 3d—dihydroxy-0-iso§r0pyl idene-48-t-butyl-dimethyl-

siloxymethyl-N-carbomethoxypyrrolidin-1g8-yl) -acetate (169) . /

~

Lactone g__@i (1.037 g, 3.84 mmol) was dissolved in 35 .
ml absolute ethanol and to this was added a solution of 95 mg
(4.2 mmol) of sodium in 25 ml ethanol, /This was allowed to
ste}nd. at -15° for 16 h, then neutralized with conc. hydrochlo-
ric acid. The resulting salt was filtert;d off, and fhe filtrate
was evaporated to dryness, The yellow, oily residue was dis-
solved in 5 ml dimnethylfo"rmamide, and 700 mg tert-butyldimethyl-
. silyl cKloride and 620 mg .imidazole-were added. This solution
was allowed to stand at r.t. overnight, then evaporated in
vacuo. The re51due was partltloned between 35 ml methylene chlo-

1

ride and 25 ml water. The organic layer was further washed with

2 x 20 ml water, dried (Na2504) and evaporated to dryness. The

residue was chromatographed c\)\n silica gel, eluting with ethyl

\

Ed
N B L RO, A gt 7 2 Y ~ 0 oS TR Py S oo "
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ether. The product was recovered as a.clear, yellowish 0il in
85% yield (1.4 g); p.m.x. (CDC1ly) & 0.09 (s, 6H), 0.91 (s, %),
1.25 (¢, 3H), 1.30 (s, 3H), 1.44 (s, 3H) , 2.68 (b.m, 2H, CHZCOOEt),

o e

3.66 (s, SH), 3.7 (b.m, 2H, CHZOSI), 4.10 (q, 2H), 3.9-4.3 (b.m,
2H), 4 .4-4.7 p.p.m. (m's, 24, O- Cli CH-0) ; i.r. (fllm) 1730 (es- D
C T ter), 1700 (urethane), 1440, 1370 cm™ ; mass spectrum (130°) ‘
m/e 416 (M* - CHg), 400 (M* - CH,0), 386 (M* - CH,CH,0), 374
(M* - (CHq) 3C), 316, 286, 228. | | /
| Anal. Calcd. for’CéOHS}NO Si:C, 55.66; H, 8.64; N, 3.24,

(‘), Found: C, 55.39; H, 8.91; N, 3.42,
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.and charged w1th 12.5m1 of a 0.44M solutlon of litRium diiso-

chloric acid, and the resulting salt was filtered off. The fil-

‘portions over 2 minutes, The ether layer was decanted and added

-dropwise to the cooled solutlon “of crude malonic hc1d g in

\
2 el e
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Methyl-Z-(Za,3a—dihydroxy-o—isopropylidene-4s-t-butyldiﬁethﬂl-

i
siloxymethyl—N-carbomethoxypyrrolidin-ls-yl)-malonafE'(170)

A three-neéfid 50,ml flask equipped with a seprum,/
stopcocks and mercury bubblerawas flushed wi'th dry n{trogen
propylamine in tetrahydrofuran. This was, cooled to -78°, and L
a solution of 1.88 g (4.1 mﬁol) of meth}l ester 159 in 10 ml
tetrahydrofuran was edded Vith a syrinée J&%r a two minute per-
ied. The flask was allowed to warm'dp to 1350, and then dry

carbon dioxide was bubbled into the solution.for 10 min vig a

syringe needle. The solution was'neutralized with cong. hydro-

trate was ‘evaporated to dfyness, and the residue was triturated
|

with 30 ml ethyl ether. Thé last traces of salt were flltered

off, leaving an ether solution of malonic acid 162.

+*

r

To 15 ml ‘ether was added 3 ml of 40% potassium hy-
droxide, and this was cooled to 5°. To this, with cooling and PR a

stirring, was addedol.0 g powdered nitrosomefhylurea‘gs in small

R e

B A

ether. After l,h at T.t., the solut1on was evaporated to dryness.
chromatograﬁhy on a silicé‘ged colymn, eluting with ether - H%x;
dhe.(lzl), affdrded the,produet id 60% yield based on methyl
ester 159 P.m,1', spectrum (CDC13) § 0.11 (s, 6H), 0 93 (s, 9H),

1, 30 Es, 3H), 1.43 (s, 3H) 43.60-3.70 (3 x s, 9H), 3.7-2.3 (m's, .
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4H), 4.3-4.7 p.p.m. (m's, 3H); gr (£ilm) 2920, 2890, 2820,
1730 (malonic ester), 1700 (urethane), 1440, 1375 cm’lo\; mass,

spectrum (160°) m/e 460 (M* -/ CH,),
&
Me C), 386 [M* - M33C - MeOH), 360 (M" - Me C(Mez)Sl), 356.5

(M*, 418 = 386), 228, 189,

Anal. Calcd. for C21H37N095i: C, 53.03; H, 7.84; N,
2.95. Found: C, 52.74; H, 8.05; N, 2.98, o
t -
, 1
. 4
' Fl
{
1
I ! f
! »
‘.
¢ \
/ | ;
r V . A
‘S/ )
- ¥ [}
© a ! N
. ( ¥ * ~ .

Nt LA, RIS b

£

4aa on - CH,0), 418 (M* ~




. ', ‘ /
L BIBLIOGRAPHY :

7 1. R, g Suhadolnik, 'Nucleoside Antibiotics', Wiley-Inter-
science, New‘York (1970), and references therein.

: 2. K. Gerzon, D. C. DelLong and J. C. Cllne, Pure Appl. Chemn.,
J ‘ 28 "489 (1971). -

1

? 3. C. A, Dekker and L. Goodman, in ' The Carbohydrates, chemistry

i B} and biochemistry', 2nd ed., Vol. IIA, Academic Press,

‘ pp. 1-68 (1970); S. Hanpssian and T. H. Haskell, ibid,
pp. 139-211. ‘

2o . s e n e e
Seeitur il & R TR I

é & 4. Y. Nakagawa, H. Kano, Y. Tsukuda and Y. Koyoma Tetrahedron
: Lett., 4105 (1967)
14
§ . ¢. T Kishi, M. Muroi, T. Kusaka, M. Nishikawa, K. Kamiya and
: K. Mizuno, Chem Commun., 852 (1967).
.
g 6. Y. F. Shealy and J. f. Clayton,J. Am. Chem. Soc., 91, 3075
3 ) (1969). . .
- . . . "
i .7. G. Just and G. Reader, Tetrahedton Lett., 1525 (1973). g‘
8. 'G. Reader. Ph. D, The51s, McGill University, Montreal, Canada - %
. (1973). 4 5
/ i

] 9. D. J. Hoffman and R. L. Whistler, Biochemistry, 9, 2367
; to ‘ (1970) and references therein.

E | 10.. K. M. Anisuzzaman, W. C. Lake and R. L. Whistler, ibid, ;
) 12, 2041 (1973) and references therein, =

- \ . 3
11. R. Hall, 'The Modified Nucleosides in Nucleic Acids', : %‘

5 . Columbla Unlver51ty Press, N. Y. (1971). “

{i; L. J. Haynes, Advan. Carbohydrate Chem., 18, 227 (1963).
$l3. tbid, 20, 357 (1965).

'44. W. E. Cohn, J. Biol. Chem., 235, 1488 (1960).
15. R. W. Chambers in 'Progress‘in Nucleic Acid Research and
Molecular Biology', Vol. 5, pp. 349 ff, Academic
3 Press, N. Y. (1966). -

T

. ¢
Ve 0! * Ve o . - BRI TN ST




-150-

4

H ,

; L Q}x «
¥

s

.(: 16. E. Goldwasser and R. L. Heinrikon, ibid, pp. 399- ff.

| 17. K. Sasaki, Y. Kasakabe and S. Esumi, J. Antibiotics
(Tokyo), 25A, 151 (1972).

3 T Vv AR

18. M. Hori, E, Ito, R. Tokita, G. Koyama, T. Takewchi and
H. Umezawa, <bid, 17A, 96 (1964).

g 19, G. Koyama, K. Maeda and H. Umezawa, Tetrahedron Lett.,
: 597 (1966). .

N o . e R P e ekt g K e AR ot e o o e R RN i -
Vol Ve TR E ., “1;’,;’% ;‘?‘r"’éf«y RO e S BT T ¢ C o T R R S -

M N. Ishida, M. Homma, K. Kumegai, M. Shimijﬁvand A. Igaura,
J. Antibiotics (Tokyo), 20, 49 (1967)% . .
21, D. C. Ward, A. Cerami, E. Reich, G. Acs and L. Altwerger,
\ J. Biol. Chem., 244, 3243 (1969). /
% ‘ 22. (a) G. Koyama and H. Umezawa, J. Antibiotics (Tokyo), 18A,
' 175 (1965); (b) S. Aizawa, T. Hidaka, N. Otake,
: H. Yonehara, K. Isono, N. Igarashi and S. Suzuki,
Agr. Biol. Chem. (Tokyo), 29, 375 (1965). -
3 ' 23. M. R. Sheen, B. XK. Kim, H. Martin and R. E. Parks, [Proc.
“ : Am. Adsoc. Cancer Res., 9, 63 (1968).
24, H. Nishimura, M. Mayama, Y. Komatsu, H.'Kato, N-. Shimaoka
and Y. Tanaka, J. Antibiotics (Tokyo), 17A, 148 (1964).
25. K. R. Darnall, L. B. Townsend and R. K. Robins, Proc. Nat.
Acad. Sci., 57, 548 (1967).
26. S. Matsuura, O. Shiratori and K. Karagiri, J. Antibiotics
! (Tokyo), 17A, 234 (1964).
27.'M. J. Sweeney, F. A. Davis, G. E. Gutowski, R. L. Hamill, f
D. H. Hoffman and G. A. Poore, Cancer Res., 33, -
2619 (1973). A
28. D. M, Brown, M, G, Burdon and R. P. Slatcher J. Chem. Soc. -
. c, 1051 (1968). o
29. W. Asbun and S. B. Binkley, J. Org. Chem., 33, 140 (1968). ‘
g“ " '30. U. Lerch, M. G. Burdon and J. G. Moffatt, ibid, 36,

] L 1507 (1971).
31. W.,Asbun and S. B. Binkley, <bid, 31, 2215 (1966).

¢




-151-

.

T T YR PO S
-«

(: ’ 32, M. P, Mertes, J. Zielinski and C. Pillar, J. Med. Cﬂem.,
10, 320 (1967). , :

ERIDA
—

33. M. Bobek, J. Farkas and F. Sorm, Tetrahedron Lett., 1543
(1968).

34. M. Bobek, J. Farkas and F. Sorm, Coll. Czech. Chem. Commun., y
P 31, 1414 (1966) and 32, 3572 (1967). oo .

1 35. S. David and A. Lubideau, Carbohydrate Res., 29, 15 (1973).

36. J. K. Rasmussen and A, Hassner, J. Org. Chen., ég, 2114
(1973).

37. M. Bobek, J. Farkas and F. Sﬁrm, Tetrahedron Lett., 4611
(1970). -

38. E. M. Acton, K. J. Ryan, D. W. Henry and L. Goodman, Chem.
Commun., 986 (1971).
39. J. Farkas and F. Sorm, Coll. Czech. Chem. Commun., 37, )
. 2798 (1972). \ | \;

40. T. Kunimoto, T. Wakashiro, I. Okamura, T. Asajima apd M.
Hori, J. Antibiotics (Tokyo), 21A, 468 (1968).

41,.T. H. Dinh, A. Kolb, G. Barnathan and J. Igolen, Chenm.
Commun., 680 (1973). »

42, G. H. Milne and L. B. Townsend, J. Chem. Soc. Perkin Trans,
I, 2677 (1972).

43. E. M. Acton, A, N. Fujiwara, L. Goodman and D. W. Henry,
Carbohydrate Res., 33, 135 (1974).

44, L. Kalvoda, J. Farkas and F. Sorm, Tetrahedron Lett.,
2297 (1970) . o

4

45, G. Trummlitz and J. G. Moffatt, J. Org. Chem., 38, 1841 .
(1973) .
\
46. H. P. Albrecht, D. B. Repke and J. G. Moffatt, ibid, 38, .

1836 (1972).

47, G, Trummlitz, D, B. Repke and J. G, Moffatt, <{bid, 40,
3352 (1975). -

48, J. Farkas, Z. Flegelova and F. Sorm, Tetréhedron Lett.,
2279 (1972). ’ .
. / I/

A v %«: —~
%
.




AR oo e

1
¢
L
H
t
’
1
4
;
'

,_!.

-152-

49, J. M, J. Tronchet and M. F. Perret, Helv. Chim, Acta;, 54,
: 683 (1971); J. M. J. Trohchet and A. Jotterand, ibid,
54, 1131 (1971). .

50. H. P. Albrecht, D. B. Repke and J. G. Moffatt, J. Org.
Chem., 39, 2176 (1974).

51. G. Just and M. Ramjeesingh, Tetrahedron Lett., 985 (1975).
52, G. Just and A. Martel, ibid, 1517 (1973).

53. M. Ramjeesingh, Ph. D. The51s McGill University, Montreal,
Canada (1975)

b 3

54. S. Hanessian, Tetrahedron Lett., 3543 (1973).

55, H. Ohrui, H. Kuzuhara and S. Emoto, Agr. Biol. Chem., 36,
1651 (1972). -

56. L. Kalvoda, Coll. Czech. Chem. Commun., 38, 1679 (1973).
57. H. Ogura and H. Takahashi, J. Org. Chem., 1374 (1974).

58. S. Hanessian and A. G. Pernet, Can. J. Chem., 52, 1280
(1974) . .

59% 4. Ohrui and J. J. Fox, Tetrahedron Lett., 195{)(1973).
60. J. A. Montgoméry, Progr. Med. Chem., 7 (1970).

61. E. R. Garrett, J. K. Seydel and A. J. Sharpen, J. Org. Chem.,
31, 2219 (1966). )

62. A, E. V. Haschemeyer and A, Rich, J. Mol. Biol., 27,
369 (1967).

63..M. R. Sheen, H. F. Martin and R. E. Parks, Jr., Mol. Pharm-
acol., 6, 255 (1970). . ! .

64. J. Defaye and T. Reyners, Bull. Soc. Chim. Biol., 50, 1625
(1968). ,

65. N. J. Leonard, F. C. Sciarolino and V. Nair, J. Org. Chem., j
33, 3169 (1968).

66. N, Tékamura N. Taga, T. Kanno and M. Kawazu, ibid, 38,’2891
(1973)“ S. Fukatsu, Y. Takeda and S. Umezawa, Bull.
Chem., Soc. Jap. ig 3165 (1973).

¥ . \ .
Ses, however, H. Ohrul y GH.Tones , T.6. Mo fFatl, M-Ls Maddox , 4,7 c‘,;,,'#g,,ﬁ,,’

and. S.K. Byr‘:&,m). T A m. C/1¢m, x;eva) .7_2) #6 02 ﬂ7-75) and S //anessfan,

| TTOgur. amd, . Gundon , Gandohate Real, 3L, ¢ 12 (1174),

)
1t

«
e e

X e

5 :g;;‘éi?: ¥

) o .‘1.‘./:%,\‘5- -
57 o , Y ori .
Sl A RN L

B,
o

¥ e

A

e o



ﬁw.

G ]

e i rt o e o T W

>

<

-

; -153-

N

67. M. Kawazu and T. Kanno, Japanese Patent 72 20, 194 (Sept.
27, 1972); Chem. Abstr., 78, 4486w (1973)

68. M. Kawazu and T. Kanno, Japanese Patept 72 20, 195 (Sept.
27, 1972); Chem. Abstr., 78, 30158k (1973).

69. H. J. Shaeffer and R. D. Weimar, Jr., J. Am. Chem. Soc.,
81, 197 (19589).

70. H. J. Shaeffer, X. XK. Kaistha and S. K. Chakraborti, J.
Pharm, Sci., 53, 1371 (1964); H. J. Shaeffer, D. D.
Goose and G. Liu, <bid, 53, 1510 (1964).

71. H. J. Shaeffer, S. Marathe and V. Alks, <bid, 53, 1368
(1964). - ’

72, H. E. Skipper, J. A, Montgomery, J. R. Thomson and F. M.
Schabel, Jr., Canger Res., 19, 425 (1959); G. G.
Kelley, G. P. Wheeler and J. A. Montgomery, ibid,
22, 329 (1962); M. S. Zedeck, A. C. Sartorelli,
P K. Chang, H. Raska, Jr., R. K. Robins and. A. D.
Welch, Mol. Pharmacol., 3, 386 (1967). °

73.:K. C. Murdock and R. B, Angier, J. Am. Chem. Soc., 84,
. 3748, 3758 (1962).

74. A. E. Blinder.and W. G. Kurz, Acta Chem. Scand., 13, 2160
(1959); N. Grossowicz and F. Maldelbaunm, Sc1ence,
133, 1773 (1961).

75. E. H. Dearbofn, Acta Unio Intern. contra Cancrum (Suppl.),
15, 76 (1859).
3 . 1
76. Y. F. Shealy and J. D. Clayton, J. Am. Chem. Soc., 88,
3885 (1966). il

77. T. Kusaka, H. Yamamoto, M. Shibata, M. Muroi, T. Kishi and
K. Mizuno, J. Antibiotics (Tokyo), 21A, 255 (1968).

78. Y. F. Shealy and g 'A. 0'Dell, Tetrahedron Lett,, 2231 ol
« (1969) . \

5

79. Ref.-1, pp. 240, 242 and reference5°therein.

80. L. L. Beﬁnett, Jr., P. W, Allan and D. L. Hill, Mol Pharm-
acol, {, 208 (1968) .

81. Y. F.. Shealy, J D. Clayton and C. A, O'Dekt, J. Heterocy- ,
clic Chen. ,, 10, 601 (1973).

4 \

4




N N

/
- . - \ -154-
4 i

|\
: ‘z 82. J. D% Fissekis and B. A. Markert, J. Org. Chem., 31,
Bt .. 2945 (1966); J. D. Fissekis and B, Markert C—éegan,
Of ibid, 32, 3595 (1967).

f 89, A. J. Playtis ahd J. D. Fissekis, ibid, 40, 2488 (1975).

84. D. L. Shankland, J. H. Stark and R. L. Whistler, J. Insect
~ Physiol., 14, 63 (1968).

\

/ 85. D. J. Hoffman and R L. Whistler, Blochemlsﬂ;y, 7, 4479
, (1968). N

- ’ e f

86. R. L. Whistler and A. Block, Abstracts of the 7th Inter- § ‘

national Congress of Biochemistry,' Tokyo, Japan, :
p. 661 (1967).

87. M. Bobek, R. L. Whistler and A. Block, J. Med. Chem., 13,
411 (1970). -

e e

~ o

88. D. J. Hoffman and R. L. Whistler, Biochemistry, 9, 2367
(1970) . =

89. V. Nair and R. H. Walsh, J. Org. Chem., 39, 3045 (1974).

90. G. Just and G. Reader, Tetrahedron Lett., 1521 (1973).

91. T. Pgawa,.Y. Kikushi, M. Matsui, H. Ohrui, H. Kuzuhara and k
S. Emota, Agr. Biol. Chem. (Tokyo), 35, 1825 (1971). -

92. P. J. Graham, E. L. Buhle and N. Pappas, J. Org. Chem., 26,
4658 (1961).

93. R. Kitzing, R. Fuchs, M. Joyeux and H. Prinzbach, Helv. Chim.
Acta, 51, 888 (1968).

94. M. G. Barlow, R. N. Haszeldine and R. Hubbard, J. Chem. Soc.
C, 90 (1971). ] .®

95. L. Mandell and W. A. Blanchard, J. Am. Chem Soc,, 79, 6198
(1957) . -

96. R. M. Acheson and J. M. Vernon, J. Chem. Soc., 1008 (1963).

97. L. Mandell, J. U, Piper and C. E. Pesterfield, J. Org. Chem., %
28, 574 (1963).

-

98. R. C. Bansal, A, W. McCulloch and A. G. McInness, Can. J.
Chem., 47, 2391 (1969).




-

s -
i ia 2o U P R

R T ]

'
3
i

99,

100.

© 101,
102,

103,
104,

105.
106.

107.
108.

109.

110.

111

112,

113,
114.

115,

116,

-155-

o

H. Prinzbach, R. Fuchs and R. Kitzing, Angew. Chem. Intern.
Ed. Engl 7, 67 (1968) |

D. D. Callander, P. L. Coe and J. C. Tatalow, Chem. Commun.,
143 (1966) L. A, Carpino and D. E. Barr, J. Org.
Chem., 31, 764 (1966); G. Kaupp, J. Perreten, R. Leute
and H F—lnzbach Chem. Ber., 103, 2288 (1970).

D. D. Callander, P, L. Coe, J. C. Tatlow and A. J. Uff, p
Tetrahedron, 25, 25 (1969).

G. W. Gribble, N. R. Easton, Jr., and T. Eaton, .-Tetrahedron
Lett., 1075 (1970).

Pt

G. Wittig and B Reichel, Chem. Ber., 96, 2851 (1963).

VB =

H. Pr1nzbach 6. Kaupp,-R. Fuchs, M. Joyeux, R. Kitzing and
i Markert, tbid, 106, 3824 (1973). .

4

J. C. Blazejewski, D. Cantacuzéne'and C. Wakselman, Tetra- 3
hedron Lett., 363 (1975). \%

O. Cervinka, K. Pelz and I. Jirkovsky, Coll. Czech Chen. %
Commun., 26, 3116 (1961). 3

R. M. Acheson and J. M. Vernon, {. Chem!/ Soc., 457 (1961).

R. Ouellet, Ph. D. The31s, McGill University, Montreal
Canada (1975). .

A. Martel, Ph. D. Thesis, McGill University, Montreal

? & ‘
Canada (1972). ’ ﬁlﬁy

R. Daniels and J. L. ¥ischer, J. Org. Chem., 28, 320 (1963).

. D. H, Williams and N. S. Bhacca, J. Am. Chem. Soc., 86, 27453

(1964); H. Booth, Tetrahedron Lett., 411 (1965).

E. D. Becker,)'High Resolution NMR', Academic Press Inc., ' . \
N. Y. (1969), p. 104. *

A. Shafi'ee and G, Hite, J. Org. Chem, s 33, 3435’(1968):
\

L
R. R. Fraser and R. B Swingle, Can./ J. Chem., 48, 2065
- (1970). :

P. Laszlo and P. von R. Schleyer, J. Am. Chem. Soc., 86,
1171 (1964). 2

E. J. Corey and E. Block, J. Org. Chem., 31, 1663 (1966).

4




117.
118.
119.
120.
121.
122.
123.
124,

125,
126.
127.

128,
129,
130.
131,

132,

~156-

. L. Nelson and D. R. Allen, J. Het. Chem., 9, 561 (1972),

. A. Waters in 'Organic Chemistry', Vol. IV, ed. by H.

Gilman, John Wiley and Sons Inc., New York, N. Y.
(1953)5 p. 1156.

. J. Pappas, W, P. Keaveney, E. Gancher and M Berger,

Tetrahedron Lett., 4273 (1966).

. M. Piatak, H. B. Bhat and E. Caspi, J. Org. Chem., 34,

112 (1969); Ruthenium dioxide was purchased from
Engelhard Industries, Newark, N. J. Industrial grade
(58% pure) was used.

. S. Reddy, Chem. and Ind., 1426 (1965).

M. Acheson, Advan. Heterocyclic Chem., 1, 125 (1963).

. Diels, K. Alder, H. Winckler and E. Peterson, Ann,, 498,

1 (1932).

. Mannschreck, A. Matteus and G. Rissman, J. Mol. Spec-

, troscopy, 23, 15 (1967).
R

. J. Deloughby and I. O. Sutherland, J. Chem. Soc. D, 1104

(1971).

. R. Clemo and G. R. Ramage, J. Chem, Soc., 49 (1931).
. Baer, J. Am. Chem. Soc., 62, 1597 (1940); ibid, 64, 1416

(1942); R, Criegee and E. Buchner, Ber., 73, 563
(1940).

. Cohen and I. H. Song, J. Am. Chem. Soc., 87, 3780 (1965).
; - r

. Yanuka, R. Katz and é. Sarel, Tetrahedron Lett., 1725

(1968) .

. M. Yoon, C. S. Pak, H. C. Brown, S. Krishnamurthy and

T. P. Stocky, J. Org. Chem., 38, 2786 (1973)

. S. Davidson, W. H. H. Gunther, S. M, Waddington- Feather

and B. Lythgoe, J. Chem. Soc., 4807 (1964).

. B. Hendrickson and R. Bergeron, Tetrahedron Lett., 345

(1970).

~



-157-

1

133. W. E. Truce and C. W. Vriessen, J. Am. Chem. Soc., 75, 2525
(1953). T

134, Varian High Resolution NMR Spectra Catalog, Varian Associates,
Palo Altb, California (1962), spectrum ¥177.

135. A. W. McCulloch, B. Stanovik and A, G. McInness, Chemistry ;
‘ in Canada, October 1966, p. 46.
136. L. J. Kricka and J. M. Vernon in 'Advances in Heterocyclic
Chemistry', ed. by A. R. Katritzky and A. J. {Boulton,
o Academic Press, New York and London, Vol. 16, p, 87.

137. J. C. Sheehan and B. M. Bloom, J. Am. Chem. Soc., 74, 3825
(1952) . :

N R T VU T B . e

138. C. Schdpf and W. Arnold, Ann., 558, 109 (1947).

P P T S

139. D. Gagnaire and P. Vottero, Bull. Soc. Chim. Fr., 2779
(1963). : ’ -

{

>

140. G. Fodor and K. Nador, J. Chem. Soc., 721 (1953).

141. G. Fodor in 'Chemistry of the Alkaloids', ed. by S. W, ‘
Pelletier, Van Nostrand Reinhold Co., New York,
. Cincinnati, Toronto, London and Melbourne (1970), .
Chapter 15! .

142. G. Fodor, J. Toth and I. Vincze, Helv. Chim. Acta, 37, 907
(1954). ’

143. R. Noyori, Y. Baba and Y. Hayakawa, J. Am. Chem. Soc., 96,
3326 (1974). :

144. A. Heuster, Chem. Ber., 87, 1032 (1954).

145. J. D. Hobson and J. C. McClusky, J. Chem. Soc. C, 2015 (1967)
and references therein, ’
"146. (a) G. Kraiss and K. Nador, Tetrahedron Lett., 57 (1971);
(b) W. B. Wright and H. J. Brabender, J. Org. Chem.,
26, 4057 (1961); D.-L. Trepanier and S. Sunder, J.
Med. Chem., 16, 342 (1973).

147. M. M. Abdel-Monem and P. S. Portoghese, J. Med. Chem., 15,
208 (1972).
|
148. J. Fischer and G. Mikite, Acta Chim. (Budapest), 68, 253,
261 (1971). .

?

*



149,
150.

151.
152,

153,
154,
155,

ule.
157,
158,
159.
160.
161.

162.
163,
164.

165.

-158-"
l ‘T ' ’
K. C. Rice, J. Org. Chem,, 40, 1850 (1975).

T. A. Montzka, J. D, Matiskella and R. A, Partyka, Tetra-
hedron Lett., 1325 (1974).

!

T.-L. Ho, Synthesis, 702 (1972).

'Organic Reactions', Vol. VII, edited by R.AAdams, A. H.
Blatt, A. C# Cope, F. C. McGrew, C. Niemann and H. R,
Snyder, John Wiley and Sons, Inc., New York, N. Y.
(1953), Chapter 4,

J. von Braun, Ber., 44, 1252 (1911). : .

J. von Braun and H. Miller, ibid, 51, 235 (1918).

C. C. Hach, C. V. Banks and H. Diehl, Org. Syn. Coll. Vol.
IV, 229 (1963). |

[
A. McKillop, J. D. Hunt and E. C. Taylor, J. Org. Chem., 37,
3381 (1972).

A. T. Blomquist and A. Goldstein, Org. Syn. Coll. Vol. IV,

838 (1963),

B. Lindberg in 'Methods in Carbohydrate Chemistry', Vol. VI,

ed. by R. L. Whistler and J..N. BeMiller, Academic
Press, New York and London (1972), p. 323.

E. J. Corey and J., W, Sﬁggs, Tetrahedron-Lett., 2647 (1975).

B. T. Lawton; W. A. Szarek and J. K. N. Jones, Carbohydrate
Res., 10, 456 (1969). : :

W. S. Johnson, B. Bannister and R. Pappo, J. Am. Chem. Soc.,

78, 6331 (1956).
W. A. White and H. Weingarten, J. Org. Chem., 32, 213 (1967).

L. Birkofer, S. M. Kim and H. D. Engels, Be?., 95, 1495 (1962).

Y. Kishi, M. Aratani, H. Tanipo, T. Fukuyama and T. Goto,

) Chem. Commun., 64 (1972); Y. Kishi, M. Aratani, T.
Fukuyama, F. Makatsubo, T. Goto, S. Inoue, H. Tanino,
S. Sugiura and H. ﬁakoi, J. Am. Chem.- Soc., 94, 9217
(1972). "“ ,

Mi W. Rathke and A. Lindegt, Tetrahedron Lett., 3995 (1971).

I o
-
| N

. iy



-

178,

-159-

_ lbﬁf S. Reiffers, H. Wynberg and J. Strating, <bid, 3001 (1971).
" 167. P. A. Grieco and K. Hiroi, Chem. Commun., 500 (1973).

168. S. L. Hartzell, D. F., Sullivan and M. W. Rathke, Tetra-
hedron Lett , 1403 (1974).

169. D. Frehel and P. Deslongchamps, Can. J. Chem., 50, 1783
(1972). -

170, J. §. Baran, J. Org. Chem., 30, 3564 (1965); J. Schm1d11n
and A. Wettstein, Helv Ch1m Acta, 46, 2799 (1963) .

171, B. FauEe, Ph. D. Thesis, McGlll University, Montreal Canadaa
1975).

172, A. P. %archand and R W Allen, J. Org Chem., 40, 2551
1975) , —_

173, E. J. Corey and A. Venkateswarlu, J. Am. Chem. Soc., 94,
6190, (1972) . ““
<

174, H, Oediger, F! Moller and K. Eiter, Synthesis, 591 (1972)
and references therein. Q

175. F. C. Chang, Tetrahedron Lett.,, 305 (1964).

176. K. R. Bharucha and H. M. Schrenk, Experientia, 21; 248-(1965).

177. C. H. Snyder and A. R. Soto, J. Org: Chem., 29, 742 (1964).
C. H

. Snyder, Chem, .Ind., 121 (1963).

- 179. (a) Unpublished results, T. J. Liak; (b) S. Kim, Ph. D.

Thesis, McGill Unlver51ty, Montreal Canada (1976).

180. Y. Nakagawa H. Kano, Y. Tsukuda and H. Koyama, Tetrahedron
Lett., 4105 (1967). ,

181. Prepared bg T. J. Liak; Removgi of the protecting groups
' afforded showdomycin identical to that obtained by
Trummlitz and Moffatt (ref. 45).

.. ! ‘ / K
182. J.-L. Imbach, J.-L. Barascut, B, L, Kam and C. Tapiero, '
: Tetrahedron Lett., 129 (1974).
183 E. Taschner and B. Liberek, Roczniki Chem11, 30, 323 (1956). °
(cf. Chem. Abstr, 51 1039 (1957))



.18%.
185,

186.
187.
188,
189,
190,
191.

192,

193,
194 .
195.

196.

197,

198.
199,
200.

201,
202,

'Organic Syntheses', Coll,, Vol. II, ed. by A. M, Blatt,

-160-

\

AN

P. A. Bartlett and W. 8. Johnson, Tetrahedron Lett., 4459
(1970). . .

g9

. Elsinger, J. Schreiber and A. Eschenmoser Helv, Chim.
Acta, 43, 113 (1960) .

'D. G. Dean, J,. ~Chen. Soc., 6655 (1965).
C. Chang and N. F. Wood, Tetrahedron Lett 2969 (1964).

i BEDCA

E. McMurry and G. B. Wong, Synth. Commun., 2, 389 (1972).
‘Miiller and B: Siegfried, Helv. Chim. Acta, 57, 987 (1974).

N

S. Manchand Chem. Commun., 667 (1971).

©~ w u

. G. Hiskey, L. M. Beachem III, V. G. Matl, J. N. Smith,
E. B. W1111ams, Jr>y A. M. thomas and E. T. Wolters,
J. Org. Chem., 36, 488 (1971), E. Schnabel, H. Klos~- |
termeyer and H 'Ferndt Ann., 749, 90 (I&71).

J. Pless and W.Bauer, Angew, Chem., 85, 142 (1973); A. M.
Felix, J. Org. Chem., 39, 1427 11374)

A. Bertho and’' H. Niissel, Ann., 457, 278 (1927).
D.Repke, H.Albrecht and J.Moffatt, J. Org. Chem., 40, 2481 (1975).
- John Wiley and Sons, Inc., New York, London, Syd-

ney (1943) p. 165.

R. Justoni and R, Fusco, Gazz. Chim., Ital., 68, 59 (1938) and
72, 411 (f942) , A

See Chapter by L. Hough and A, C. Rachardson in 'Rodd's
Chemistry of Carbon’ Compounds®, §S. Coffey, editor,
Elsevier Publlshlng Co., 2nd edltlon (1967), p. 116.

E. Vedejs, J. Am. Chem. Soc., 96, 5944 (1974) . \

: 4
I. M. Hunsberger and J. M. Tien, Chem. Ind., 88 (1959). .

.l.”

I. T, Harrison and S. Harrison, 'Compendium of Organic Syn-
thetic. Methods', John Wiley and Sons, Inc., New York,
Llondon, Sydney, Toronto, Vols. I and I (1971 and 1974)

ibid, Vol. I, p. 497. . . - .

[ ‘ |

See, for example, Ref, 137 for several modifications.

. {
P




A s may v

.

oy

>

\

203, A. E. Hil1,. G. Greenwood and 4«M. R, 'Ho‘ffmann,i J. Am.“ LA N
Chem. Soc., 95, 1338 (19N . - = ‘

. L . - N

., 4’

rl
@

v . .
1
- . v
N -~ Fl * !
' ~ |
. ) o
% .
X, B
* ’ . i
f " ¢ N
\ I '
o
' |
.
- - )
¥ - - -
- ~ . .
¢
v o
. R ’ =~ ° s
. t
o . f .
. . .
o A

1 ) N .
\ . f
o \ -
. . * [
/ - 4 /
-
‘ . < 1o -
. A o
L Y o
; - 4 N
. B
¢ o
[
b [
! f
- > ¢ f
' L
A A} W
o
\ , |
) ! l - P o . . . ;
v ' R
N . . .
L4
'y
.
. L]
s . . 2
. . 5 v
.
{ Lo
N L] I3 ‘"
:
. N -
* 4
s . 4 0 Y *
. 3 / '
. . ~ -
= a ' ‘ 4 :
- N 5 \ # 4 \.\ £ . ’
i » < o
0 ‘ ° 4 . e
\ - - , “
‘ g *l + L4 .
. , ;
s \ A ,
N L]
.
f \ .
| ‘ v o
) L3
“ [ .
—_— ‘
¥ a
v
f
.
. . .
. ]
' ¥ '
'
. L \
s
. : . )
' " AN Vb
N . , £y

N U AR L W S



