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"The organic chemist is often shocked to find 

that nature has preceeded him in the synthesis of an 
~ 

analogue of tatur~l1Y occurring nucleic acid precur-

sors and derivatives." 

, .. 

n 

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 
Ho1land Pub1ishing Co., Am­
sterdam (1968) 1 
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AN APPROACH TO THE 'SYNPHESIS OF AZACYCLIC ANALOGUES' 

. \ \ 

OF C-NUCLEOSIDES 

Graziano Paul Do~~ini 

Department of Chemistry 

McGill University 

Montréal, Québec, Canada 

J 

. ) 

Several important multi-subs~ituted pyrroli4ine 

intermediates for the synthesis of azacyclic C-nucleoside 

analogues were prepared. An azacyclic analogue of showdomycin, 

a natûrally occurring C-nucleoside, was easily produced from 

a pyrrolidine containing an ~-ketoester substituent. T~is pyr­

rolidine 1s aiso a potential intermediate for the elaboration • • 
of other heterocyclic systems. Struct~r~l and stereochemical 

, 
assignments of these pr&ducts and their S-azabicyclo(3.2.1 1 ,s)-

octane precursors were\made by proton ~agnetic resonance 

(p.m.r.) spectroscopy. 

r '. , [~ , q .)17'11111 . 
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Plusieurs intermédiaires pyrrolidiniques polysubstitués, 

utiles pour la synt?èse,d'analogue~ azacycliques de C-nucléosides, 

ont été préparés., Un analogue azacyclique de la showdomyc'ine, un 
1 

l ' 

C-nucléoside naturel, a ~té synthétisé aisément à partir d'une 

pyrrolidine qui contient un substituant a-cétoester. Cette pyr-
1 
1 

rolidine est également un intermédiaire potentiel pour la pré-

paration d'autres système's hétérocycliques. LQS structures et 

~a stéréochimie de ces produits et de leurs précurseurs 8-aza-

\,' bicyclo(3.2.l 1tS )octane ont été déterminées par résbnanc~ mag­

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

Nucleosides, 

acids DN~ anq RNA, are 

, ...... '1 ......... '"' l' l~~' 'r'\"', 

! 

.. 
-1-. ' 

( 
the impo~nt 'consti tuents of the nucleic 

compounds of the. grlycosylamine type in 

which the aglycone·is a purine or pyrimidine base, ~nd the sugar 

component is th~ D-ribofuranose or 2-deoxy-D-ribofuranos.e moie.tt. 
<J b .. ~ 

, 

In, recen t years J the term 'nucleoside' has come ta .. inc! ude nat-
, 

ural and syntheti~ N-glycosides wherein the aglycone portion i$ 
. 

a heterocyclic base (1). Analogues in which the C-l of the sugar 
<.) ,,-; 1 

Q -. residue is bonded to 'a carbon atom of the heterdcyclic base are 
l ' 

o ,referred to as 'C-nucleosides' (2)1, and many natutally occurring - ' , 1 

C-glycosyl nucleosides have been isolated 2 • particùlarly inter­
\, 

estin~g are the more recently' discover~d naiurally .occurring, c-
I) 

ribosyl nucleosides 2, which wU! be discussed in 'detai, in this 

paper. 

" 
~ 

.. 
"- 0 

J 1. 

& 
0' \, 

(2) X-N \ 
1 

(2) X-C 1 

" ' 

K~~ ----.-"-'7~~~ ... ":".\l,,,,t~l\,~y~;S~~~1.cl}:~~rf1.:,ifit:j.l~~~.~1 II<!.~AQ'r-.~~.i-L .. ~.:~_ ",\~:,t4-~1"':~~:,.<",.oi~'\;/J~;~"",:;;,~:::.~:,,,:,.:-:,~~,~,,~~,,,,,,,,~ •• ~--7_.1.).;.i2.JI\ .. •• ,1 

" ' 
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The fact that Many nucleosides and C-nucleosides ex-

, ; ~ 1 
hib i ted anti vi raI, antibaéteriai and anti tumor acti vi tyl",2, 3,1t 

stim}/o,la ted the synthes ls of Many nuc1eos ide analogues, in :the 

hope tha~ slight modifications of the nuc1eoside ~tructure 

'would cause change~ in the.chemotherapeutic index, or in the 

toxicity, of the compounds investigated. Accordingly, carbo­

cyclic analogues of nucleosides (!.) 5,6 atra~ of C-nuc~eosides 
l , 

C~) 7,8 , wherein the ribofuranosy1 ring oxygen is replaced by . , 
a Methylene group, were synthes'ized. 'Thiacyclic' nucleoside 

analogues .(~) 8,9 haye lalso been extens i vely investigated. 

\ 

\ 1 't{ 

d G 
'" (3) X-N (S) 

04"1 X-C 

/ 

b. Biological and Biodhemical Properties of C-Ribofurancsyl 

Nucleosides 

, The' synthesis and properti'es of N-nucleosides have 
, . 

been thoroughly examined over the years1,11 ,'and since I952~ 

when the first C-nucleoside was ident~fied12, Many such carbo-
~ U 
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hydrates hav~ appe~red in the literature 12 ,13. \he more re'cently 

discovered C-ribofuranosyl nucleosides have especially inter­

esting'properties. These modified nucleosides are: pseudouri-' 

dine (~), formycin A ,(~), formycin B C.~) or laur~sin, oJC:ofor­

mycin B (!), showdomycin (10), pyrazomycin (11) or pyrazofutin 
..... 

A, and oxazinomycin (12) or minimycirl. 

" 

HO 

fr; 

HO OH 

(s) X-NH 
(12). x-o 

0 

HO 

HO OH . 

(10) 

/ 

HO 

,HO OH 

( 7) 

HO 

HO 

-(11) , 
\ 

~ 

" 

) 
1 

o 

(8) X-H 

(9) X-OH 

:' 

" 
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(i) Pseudouridine and oxazinomycin: Pseudour'idine (6)1", S-(a-D­
... 

ribofuranosyl)uracil, is a structural isomer of uridine (6a) and 
1 ---

~ normal consti:tuent of t-RNA. 1 ts chemica11~ and biochemical 16 1 

properties have been reviewed, and it has proved ta be the only , 

member of this class of compounds that does not display medicin-

a~ly important biologicai properties. Oxazinomycin (!!) is the 
, 

most recently isolated17 C-ribosyl nucieoside. It displayed some 

antitumor and antiviral activity. 

o 
. H , 

H OH 

(6a) 

~ ~.-' 

(ii) The Formycin C-Nucleosides: The three pyrazolopyrimidine 
1 

C-nucieosides are strbcturai analogues of adenosine, inosine 

and xanthosine. Formycin A (!)18 inhibits the growth of mouse 

leukemia L-12l0, \Yoshida rat sarcoma cells, "bacteria, fungi 
1 

anç viruses 1,19,20. It is aiso the most effective analoguè to 

replace adenosine 21. Turnor cells which lack adendsine kinase 

have been fotmd to\be resistant to formycin A, indicating that the 

kinase plays a key l'ole in the -mode of action of formycin A. 
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Formycin B (8) U does, not inhibi t animal tumors, but i t does in­

hibit multip7ication of influenza AI'virus. It also in~ibits 

a pathog~nic bacterium for rice plant disease caused by X. ory-
~-

sae:u •• : The type of substituent on position 7 of the pyrazolo(4.3-d),-
1 1 

pyrimidine ring is in large part responsible for the biological 

activities of'these nucleosides 1 • Oxoformycin B (~)l is a com-
\ 

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

hibit the growth of any organism tested to date. 

NH, 

. ' 
HO OH 

(7) 

HO OH 

(8) X-H 

(9) X - OH 

(iii) Showdomycin: This nucleoside antibiotic was first isolated 

from Streptomyces showdoensis 2'+, and i ts structure ,has been 

shown to be 2-CS-D-ribofuranosyl)maleimide (10)1+'25. It is a 
, -

broad spectrum antibiotic, displaying significant antibacterial 

and ant i tumor acti vi ties 1,24 • It shows remarkable (, acti vi ty 

against Ehrlich ascites tumor in mice and HeLa cells 24,26 • The 

nu~erous biochemical studies carried out with showdomycin have 

been reviewed by Suhadolnik 1 • 

1 
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il 
(iv) Pyrazofurin A: Pyrazomycin was isolated from Streptomyces 

1 

aandiduBi and its structure has been determined to be 3(S)-ribo­

furanosyl-4-hydroxy-pyrazole-S(3)-carboxamide (11) 1. It is a 
o 

potent antiviral agent both in vitro and in vivo, and an inter-

esting anti'tumor drug 21 • Pyrazomycin is a strong inhibitor; of 

orotidylic acid decarboxylase, and is an antagonist of uridine 

metabolism 1 • 

1 

c. Chemical Syntheses of C-Nucleosides and Related Compounds 

The interesting biological properties of the C-glycosyl 

nucleosides have mad,e them important targets for chemical syn­

thesis. Cldsely related analogues have'also been prepared and 

their properties sèrutinized, in the hope of gaining insight 

into the mode of action of C-nucleosides: , 

The synthesis of pseudouridine (6) has been achieved 
\ -

through carbon-carbon bond formation between a S-lithiopyrimidine 

1 3 an d a sui t ab 1 Y a c t i va te d ri b 0 s e (e. g. 14 an d 1 S ) 28 ,2.9 , 30. Th es e 

+ 

Li 

(13) (14) X, Y -H, Cl 
(16) xy-o 

(6) 

ft 
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approaches were simi,lar to those employed for the synthes is of 
~ 

N-nucleosides, and in generai afforded poor yields. Arabino-

and xyIoruranosyl analogues of pseudouridine were aiso made via 

direct condensation 31 • 

1 , ' 
.~ , Many other analogues have been prepared, the most im-

portant of which are shown below. Deazauridine analogues ~ and 

17 were investigated32 a's potential inhibitors of thymidylate 

synthetase. Bobek et a ~ 33 syn thes i zed 6 - azapseudou·ridine (g) 

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

derivatives were similarli made from'~he thiosemicarbazones of 
\ 

L-xyIo, D-arabino and D-ribo-hexulosonic acids 34
., 

HO 

(16) X-OH 

~ (17) X-H 

. ' 

o 

HO OH 

(18) 

'\ 

David and Lubideau 35 reported the synthesis of S-B-D-

ribofuranosylcytosine (~) (pseudocytidine) and 0l i ts a-anomer. 

Deamination with sodium nitrite converted each isomer to the 

\corresponding pseudouridine at C-l. 

" 

r'h • ',', ,-

• ~ ..," ~ t , ~ " f::U v/x i180er . , ttwtt k / $' T Il' 1 Il 1111 

~ 
\ 
j 

1 
1 
,1 
" 

.. 
'l 

" l 
, 
• ~ 
,1 
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• 

HO 'OH 

\ 
1/ 

(19) 

1. • The synthesis of compounds related to oxazlnomycln 

Cg) w,as accomplished 36 via the addition reaction of ketones 

\ to chlorosulphonylisocyanate: 
IJ 

( 20) R - Ph, R' - Me 
( 21 ) R - Me, R' - Ph . 
(12) R - H,; R' - a -D-

r-ibofuranosyl 

A more vers~tile route to C-glycosyl nucleosidbs in-
6 

volves the preparation of appropriately C1-functionalized der-
i ( 

ivatives of 2,S-anhydro-D-allos'e or 2,S-anhyd:r/o-D-allitol (22), 

a .compound already containing the desired ~arbon-carbon bond, 

from which Cl can be elabora ted into a v~,tiety of heterocycles . 

This approach permits the formation of anomerically pure C­

glycosides. 

"-

/ 

/ 

1 , 

1 

/ 
1 

/ 
1 

/ 'II 

-. 
,1 

t 
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Bobek et aZ 31 transformed the cyano derivative 22a 

into the diazo sugar 22b in six steps, and 22b was converted 

to formycin B (~) 3 Band oxoformycin B (~)3 7,39 via initial 

cycloaddi tion to dimethyl ~cetylenedicarboxylate. Oxoformy'cin 

B was prepared by Curtius rearrangement and cyclization of the 
(' 

\ 

3-carbamoyl compound ll; this same interrnediate underwent a , 
", 

similar sequence of reactions .to prodll:ce formycin B. 

q 
RO OR 

(22a) R-CHZPh, X-N 

{22b) R-CHZPh, X-HN 2 

RO OR 

HO 

HO OH 

(8) X-H 

(9) X - OH 

Kunirnoto et aZ~o found that replacement of the amino 
1 

group in formycin A (~) by a thiol or methyl thiol group pro-

duced a~alogues whi~.inhibited influenza virus. Igolen et aZ~l 
'synthesized analo~~s of formycin A by the direct condensation 

\ 

of prrazole !! with benzyl thioformidates 25. Deblocking with 

methanolic ammonia afforded the pyrimidines 26 and 27 in good 

overall yield. 

.. 

. " "':" "~,, lE" 1I111ilf 1 i .1 
"'''Lw ~ .. *cl ...... " ").è,,... t di H Me lm t~t 1~ W1 Y •• ,>. " 
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" 

ru Hel 
HN 

~hl ~ 1 N 
,B,Jo a 

H:JcN 
HO N N" 

t , H 
'y + ~ ~ 

HO X H X ~ 

~ lit 

,"! 

(25) (24) , (28) Y -H, X-OH 

(27) Y - OH, X-H 

Many other analogues of the formycin C-nucleosides 

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

cin B'+2, the D-arabino epirner ~ of oxoformycin B '+3, and two 

other interesting analogues of oxoformycin B, pyrazolopyrid-

azines 30 39 and 31 38
• 

( 30) X - CH 2 OH, R - H 
(28) (29) ( 31 ) X - H, RR - C ( CH 3) 2 

Showdornycin (~) was first synthesized'+'+ in six steps 
, 

frorn the a-ketoester 33. The critic~l step was the ozonolysis 
! \ -

1 
of 1-(2' ,3',5'-tri-O-acetyl-a-D~ribofuranosyl)-2,4,6-trirnethoxy-

be~zene (!!) to the a-ketoester ~ required for construction of 

~I 
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the heterocyclic ring. This method was soon improved upon by 

Trummlitz and Moffatt~5. They reacted a similar ketoester, 

meth~l ~,6-anhydro-4,S,7-tri-O-benzyl-D-aZZo-heptulosonate 
(~) wi th, carb amoylrne thylenet riphenylphosphorane > (~) to pro-

'duce directly the crystalline tribenzyl ester 36. Pure show­

domycin (~) was obtained by debenzylation with boron trichlo­

ride. The key intermediate 34 had been obtained by oxidation 

AcO 

(32) 

(35) Ph 3P-CHCONH Z 
~ 1 

RO 

(33) R-COCH 3 
(34) R - CH 2Ph 

(35)~ 
RO 

o 

RO OR 

(36) R-CH
2
Ph 

(10) R-H 

of rnethyl heptonates 38; which were prepared from the readily 

ava'ila~le 3,4,6-tri-O-benzyl-Z,S-anhydro-D-allose (!!) 1+6. 

B~HO 

BIIO OBzl BzJO OBzl 

(38) 

.,....-.-----
~.~ • ' ." 'j ,,' 

\ 

1 

1 

,: 1 

i 
,~ 
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The important heterocyclic ring-forming reaction (!! + 

!! + 3~) was explained .by spontaneous cyclization of an inter-
, 

mediate ais-maleamic ester 34a to the corresponding maleimide. 

Alternatively, the cyclization could have,taken place at the 

level of the betaine precursor of 34a. The formation of the pre­

ponderant ais-oriented intermediate was due simply to steric 

j 

(34a) 

factors" s • This led to th~ conc;lusion that the reaction of ()-
\ 

ketoesters with carbamoylmethylenetriphenylphosphorane pravides 

a direct route ta 2-substituted maleimides providing that the, 

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

reasonably bulky. 

More recently, Moffatt et aZ 41 synthesitftd 3-methyl-
1 

showdomycin (39) by the condensation of their ketaester ~ 

wi th l-carbamoylethyl idene diIœthylphenylphosphorane. The produc t 

displayed a marked reduction of antibacterial activity with 

respect ta showdomycin itself. 
" • 

l 

l' 

1 

'/ 

/ 

; ts' r '" r 7'~~':';:;;:t-U'''':',.-d-d'''«r-,*-W'''' --_11 ... -_.'.'_11_1 ( . 1 l' 
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\ 

COOMe 

RO o RO 

D 

'\ (39) R-H 

.'-'1- - , 

f~~/ Farkas et aZ~8 synthesized pyrazomycin in low yield 

from the same a-ketoester 33 that they utilized for the pro-
" duction of showdomycin. They reacted the ester with (l-benzyl­

hydr8:.zine) -acetic 'ac,id to produce the hydrazone iQ., which 

underwent ring closure and base-catalyzed methanolysis to yield 
\ 

the 4-hydroxypyrazole 41. Treatment with methanolic ammonia - , 

afforded amide 42, and hydrogenolytic debenzylation yielded 

crystalline pyrazolJlycin (11)' in poor over'all yield. 

COOCH, r COOH ' 

R N-N-RzI 

RO OR 

-
(40) R - COCH 3 

HO 

HO 0,.. 

(41) R-OC~3 
(42) R-NH~I 
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Tronchet et at 49 have reported the synthes~ of pyra­
<ir! 

zolic a'na1ogues" containing aromatic substituents (43 and 44) . 
1 

An amino analogue 45 2 of pyrazomycin was also/made for biolog-

ica1 testing. 

r - ' 1 .. N-fcS\-NO, ~~~, 

(43) 

HO OH 

(44) ( 45) 

.. 
The deoxy py.razolic C-nucleoside 46 has been prepared s.o 

from 3,4,6-tri-O-benzyl--2,S-anhydro-D-al1ose (37), and ~lso - , 

from 3,4-0-isopr~pylidene-2,S-anhydro-D,L-al1ose (47) 51, which 

was synthesized from non"sugar precursors (48) H, Both of these 

approaches are versatile routes to C-~ucleosi~es. The hem~­

acetal 47 h~s been used in our 1aboratory to produce several 

C-glycosides and related derivatives 53 , and Moffatt et aZ 45 ,SO 

independent1y uti1ized 

mycin (-10) (p. Il), 3 - , 

pyrazole 15 CP. 14), 

pyraz.oles 50 

u 

form 37 to synthesize showdo-

ethyishowdomycin (39) (p. 13), the deoxy 

nd severai other 4-(B-D-ribofuranosyl)-

t 
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HO 

HO OH o 

(37) 
(48) > 

H 

'c 47) C 48) 

" 

Hanessian5~ has reported a new method of anomeric 

C-functiohalization invo1ving the reaction of acetate 49 

" with derivatives of O-si1yl-eno1 ëthers 50 in the presence 
o 

of a Lewis acid. In addition, valuab1e ~rogress has been made 

in the direct, Lewis ac~d-cata1yzed C-ribosYlation of arornatic 

and heteroaromatic systems 5S ,S6. 

" 1 

RO 

RO GOR 

(49) (51) . , 
a 

1 
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But despi te these and other 5' ,58 a ttempts to achieve 

a 'general' route to C-nucleosides and their analogues, no 

such proce~üre has be:n developed to date. Hopefully, the pre­

paration of other C-nuc~eosides, together with a detai1ed un­

de~standing ot structure-activity rela'tiçmships, will assist 

in the rea1ization of the therapeutic potentiai of this class 

of cornpounds. 

d. Carboc.jclic analogues of Nùcleosides and C-Nucleosides 
- . 

--.---" "--',-- -.-
- YI -~> ~ ..... 

Many nucleosides which are effective agents in inhi-
\ 

bi ting the growth of malignan t ce 115 become ine flecti ve in vivo 
, , 

because they are rapidly destroyed by enzymatic cleavage into 

a purine Dr pyrimidine and a carbohydrate moiety 1,59,60. The 

glycosidic C- N bond is readily ~l,eaved by acid hydrolysis- f1as 

depicted below: /1 
1 

( 

'fJ/ 

-:... 
H1;jH 

-..:-

HO OH 

1~ 

1 

/ 

-+ 

If 

~ 

~ H . H 

H~/~,_ 
~OH 
HO OH 

,/ 
- N 

H 

f ' \ 

- ~ 



( 

() 

l' The glycosidic C-C bond of C-nucleos ides, however, 

'Îs more stable towards chemical' and enzymatic hydrolysis due 

to supprèssion of the normal C-N bond cleavage. Furthermore L 

this substitution causes a slight increas~ in the length of 

the glycosyl bond ' 
o 0 

1.55 A ,vs. 1.47 A on the average 61 - which 

gives C-nucleosides almost free rotation about Ithat bond 62
• 

This enables them to assume the most suitable conformation for . 
interactions with enzymes. 

\ Many so-ca1le~ 'reversed' nucieos ides ~, which also 

do not possess the normal linkage between the nitrogen of the 
...-

base and the anomeric carbon of the sugar, have been investi-
e 

gated. These compounds are also more stable with respect ta 

hydro1ytic cleavage. A nurnber of reversed nucleosides have been 

synthesized 63,61+,65, and recently, two patents have been filed 

which listed several reversed nucleosides as antiviral and anti-

cancer drugs 66,67. 

r .' 
(52) 

, " 

j 
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Another series of compounds, wherein a ~arbon atom 

replaces the ribofuranosyl ring oxygen, has aiso been investi--
, , '!j 

gated. The resulting carbocycQic nucleoside analogues contain 

a normal C-N bond at the C-l' position, which should not ~ 

subject to the action of nucleoside phosphorylases or hydrolases 
1 

or otherwise broken easily. This substitution causes only a 

slight distortion of the ring sé , producing analogues which have 

the sàme steric size as furanosyl nucleosides. These compounds 

have the potential" therefore, either to mimic or antagonize 

the function of naturally occurring nucleosides and nucleotides. 
r • In the continuing search for antlcancer agents, Shaeffer 

et aZ 69
, 70 prepared purines 5;$ attached to thé' cyc10pentyl or ~ 

cyclohexyl rings. They prepared carbacyclic analogues of 6-sub-
1 

,sti tuted purines ,and sorne 9-cycloalkyl adenine derivati ves which. 

were interesting as adenosine deaminase inhibitors 71. In general,' 
1 , 

however, no startling imprave~ent in biological activity was 

faund when compared to the activities of the carresponding fur­

anasyl nucleos~deT72. 

(S3) R - cyclopentyl, cyclohexyl, 
monohydroxycyclopentyl, 
monohydroxycyclohexyl. 

'. 
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.,. 
Murdock and Angier 73 prepared numerous cyclopenty1 

\ analogues (e.g. ~-~) of thymidine, including the cyclopentane 

isostere ~ of thymidine itself. None of these showed any acti-\ 

vit y against a wide variety of bacteria and fungi'4. Severa1 

products were aise tested against three mouse tumors with neg­

ati ve res'\ll ts 75. 

'" f\CH
3 (64) A- CHëOH, B - H, C -H, D -OH 

r{9
,uJ c 55) 'A, B ,- H, OH; C, D - H, OH 

A ( 56) A, B - C OOH, H; C ~ D - H, OH 
• c 

1 

The carbocyclic analogue of adenosine, ,aristeromycin 

(E9a) was synthesized as the racemic mixture by Shealy and Clay-

ton 76 and its optica11y active CL) form was subsequen~ly iso-

lated by K~saka et al, 77 • It is the only natural1y occurring car-, 

bocyc1ic nucleoside d~scovered to date. A rigid norbornene ring 

was utilized for the synthesis of cyc10pentanes 67 and 58 of 

known geometric configuration. In this way, the racemic forms 

of the carbocycli~ analogues 59 of adenosine, inosine, 6-mercap­

topurine ribonucleoside and\6-(methylthio)purine !ibo~ucleoside 

were synthesi zed 68 from (t) -4B-amino-2a, 3a-~.ihydroxy-lB -cyclopen-

<:) tanemethanol (58). Similarly, the carb~cy~lic analogues of 
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o 

HÏÇ>lNH. 
HO OH 

( 57) ( 58) 
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(59a) X-NH 2 
(S9b) X - OH 

(5.9Q) 'X-SH 

(59d) X - S,CH 3 

21~deoxy-adenosine and 3'-deoxy-adenosine (cordicepin) were made 

from exo-5-norbornen-2-ol acetate 78
• 

Aristeromycin 'displayed considerable antitumor acti­

vi ty68, and was not toxic to mice or killifish 77 • It was not in-

hibi~ory against yeast, pathogenic fungi and bacteria e,xcept for 

the acid-fast bacteria 77 , but numerous' studies 77,79,80 have indi-
l ' 

cated that aristeromycin,can act as an' inhibitor by interfering 

with rnany processes in the cel', besides causing inhibition by 

its conversion to the 5 '-phosphate. Aristeromycin also controls 
, . 

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

rice plants. 

Shealy et at 81 have a1so synthesized the 8-azadenosine 

ana1ogue'eO, its monophosphate eOa, and its cyclic monophosphate 
, 

81: aIl proved to be ~ytotoxic to cells in culture.' 

D &t 
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R- HO-f-
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Fissekis and Markert B2 synthesized various S-(hydroxy­

cyclopentane)pyrimidines bearing structural similarities to car­

bocyclic C-nuc1eos ides, but Reader 7,8 was the fi rst, ta synthe­

~ size a carbacyclic analogue 65 of a C-nucleoside. The synthesis 
<, 

involved the production of the unsaturated ~~thyi ester 62, con­
-\ 

version to the 1actol ~, and oxidation to the lactone 64. Co~ 

densation with aminoguanidine bicarbonate afforded the triazole 

65. 

(68) 

.. ~, 
'~, 

(63) X, Y -H, OH 

(84) XY-O 
(6ô) 

-"'---;"':.-

,1 
~, 
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More recently, Playtis and Fissekis 83 obtained a car­

bocyclic analogue ~ of 2' ,3'-dideoxypseudouridine. The sodium 

enolate 2.!.,1 ~btained in good yield from the corresponding lac­

tone, was condensed wi th thiourea to produce the 2-thiouracÏl
1

" 

~ in poor yield; the latter was converted quantitatively to 

the uracil ~. 

(88) 

, 1 ~ 

(67) X-S 

(68) x-o 

e. Thiacyclic and,Azacyclic Nucleoside Analogues 

( 

The synthesis and characterization of monosaccharides 

with a ring heteroatom other than oxygen has also\been of gen-.. 
1 

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

analogues 81t, 85, n\.\cleoside analogues 86,87 and certain nuc1eotide, 
1 

analogues aa having sulphur replacing the ring oxygen atom of 
\ 

the sugar have interesting and intriguing biological properties, 

among which is low toxici ty 85. Biological investigations of 

5- thio-D- gl ucopyranose ait, 8$ and pyrimidine nucleos ides §1. of 

1 • 

! 

/ 
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( 69 a) X, Y - H ,OH; Z - OH / 
\ 

\ ' Il 69 b ) X - H; Y - OH; Z - NH 2 j 

,4-thio-a-D-ribofuranose and 4-thio-e-D-arabinofuranose 86 indi­

cated the potential usefulness of these sugars and sugar deri­

~atives as possible chemotherapeutic agents and as analogues 

of naturally occurring metabolites. 
) 

The synthesis of 9-(4'-thio-a-D-ribofuranosyl)adenine 

(il) and its S'-phosphate (!!) has been accomplished 88 from the 

sugar 70. It was noted that the adenine ring of these analogues 
1 

had a more restricted movement about the C-N glycosyl bond than ' 
1 

th~t\of adenosine, because of electronic repulsion ,between the 
~I 

nonbonding electrons of the nitrogen at the 3-position of the 

he terocycle and the ring sulphur. 

(70) 

, .. ,.'" \ ,'; 

x 

,0> 
R~~~ 
X 

(71) R- H, X- NH 2 o 
Il 

(72) R,- HO-f- ~ 1 X-/NH Z 1 

OH 
(73) R-H. X-Cl,SH,H,N(Me)Z 

\ 
" 1 
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Bobek et aZ 87 prepared and st~died the activities of 

4.~·-thio deri va ti ves (!l, 73) of several 6 -subs ti tuted purine 
\ 

nucl~osides. They found that, depending on the test system used, 

the potency of the thioribosyl nucl~osides was greater or smaller 

than that of the ribosyl analogue, when determined in vit~o with 

St~eptococCU8 faecum, E. coti, Leukemia L-1210 and Ehrlich ascites 

cell s. 

to be 

rally 

<'. 

\ 
\ ' 

In\ g:neral, thiacYClic nucleoside analogues hàve proved 

use fuI \tool5 in elucidating the biochemistry of the natu­

occurri~g compounds. 

Recently, Nair and Walsh 89 reported the synthesis of 

the first 'reversed' amino nucleoside, 1-(6-aminopurin-9-yl)-Z,S-

anhydro-l,2-dideoxy-2-amino-D,L-ribitol Z!, which is really a 

homo nucleoside analogue. The synthetic' imino acid dehydroproline 1 

was reduced anq hydroxylated to produce the pyrrolidine sugar 

!i, which was coupled directly with the sodium salt of adenine 
1 

to give the tosylated compound 75 as a stable crystalline compound. 
1 

The detosylated nucleoside 76 was found to be e~tremely uns table 

and difficul t to handle. 

(74) 

- ..... ------. 
1 ~to • 

..... ... .. ,. :"'i"'J _ ~ 

.c 75) ~ - p-CH 3C6H4 SOZ 
(76) R-H 

. " ~rnJ::l 
) 1-
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Aim of the Project 

The airn of the present work was to synthesize 

azacyclic analog~es of C-nucleosides. More specifically, 
\ 

-25-

we hoped to produce the azacyclic analogues of showdomycin 

and pyrazornycin (pyrazofurin A), two C-nucleosides which 

exhibit very interesting biochernical a~d biological acti­

vitfes. This project to synthesize azacyclic precursors 

o~ C-nucleosides was part of~am ini~iat~d 

in our laboratory to synthesize C-nuc1eoside analogues'. 

\ 

/ 
1 

-\ " 
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Chapter 2 

Synthetic St9dies with 7-azabicyclo(2.2.1)norporn-2-enes 

a. Introduction 

Compounds of t~pe 77 have been converted to nucleoside 

analogues in reasonable yields via the ketoester !!90 or pro­

tected 2,S-anhydro-D,L-allose analogues 79a 52,9l and 79b? Keto­

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

thesis of showdomyciJ'4 1t1t and pyrazomycin lt8
• 

Unsaturated esters 77a and l'lb have been synthesized 

by the Die! s-Alder reaction of furan or cyclopentadiene wi th methy! 
1 

a-nitroacrylate or t2'ans-bromoacrylic acid réspectively, followed br 

~OOCHJ 'op-J . 

('l'la) X-Q 

(77b) X-CH 2 

( '18) 

. ..... 

~H 
.X 

H 

(79a) X-Q 

(79b) X -CH 2 

, \ 

, ' \ 
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hydroxylation, protection and subsequent elimination of n:i:trous 
\ 1 

or hydrobromic acid with 1,S-diazabicyclo(S.4.0)undec-S-ene 
1 

(DBU). Methyl or ethyl propiolate (H-CEC-C0 2R) were not used 

as the dienophiles because they produced adducts 80 that were 

difficult to hYdroxYlate. In fact, Reader B report:: that 1800 

(2-carbethoxybicyclo(2.2.1)hepta-Z,S-diene) polymerized under 

the free radical conditions used for the hydroxylation (osmium 

tetroxide -,30\ hydrogen peroxide). Polymerization of such 

bicyclo(2.2.1)heptadienes occurs readily with a variety of 

ini tia tors 92. 

.. 
;J:JOOR ( 80 a) X - 0, R - CH 3 

(80b) X- CH 2, R- CH
3 

(800) X - CH Z' R - CHZCH3 

a 

We pl~nn~d to follow these routes closely i~ our 

first~attempt to synthesize azacyclic intermediates. We intended 

'to r~act a pyrrole with the more re~ctive methyl e-nitroacryla~e 

and~ eventuall1 produce an olefin es ter wherein X - N-R. However, 

because of the aromaticity of the pyrrole ring, cycloadditions 

with N-substituted pyrrole; are in.general much slower and re­

quire harsher~conditions than the corresponding reactions of 

furan or cyclopentadiene. Withdrawal of TI electron density from 

the ni trogen by ·an electron-wi thdrawing group increa~,es the diene 

\ 

; }:1\ ~ 

'["0 "':'" i""",,~ .:011",,'.,,' .'~ :è<j:::2:-.t".;/~,-,,,{ Jr:fo, ~l".:~'i';.",.:t(ü'i,I~"':d;.\2?!i!".,;J!l> • ,"" ;', '. '~':'''',-,TY',fl;·;-::::·'''''~L,j;p,~,,~·t4~v!i' ........ ___ •••• \;.t::.J,~.';....~~.~'.~!.,...,'. .1~~.~~~ .• :':iV~;.:~.,_,,~~!!.i.ifJit~~t'?\'i8:'J~ ... ~;?~ft;~~r.rt~~~B'~~ri.~t~~~1.I"'~ .M.'t-~ ~.ir.!.J { .. Ji,r'"',i'ot4 ... ~~t, ~h,: "',~ ,;' .. >t~,- ~ ,~_ .... ' 
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character of the pyrrole; thus it is more reactive towards 

dienophiles, while ring positions are rendered less susceptible 

to eVectrophilic attack. Furthermore, increasing the electron~ 

withdrawing efficiency of the substituent reduces the suscepti­

bility of the adduct toward~ a retro-reaction 93 • 

Pyrroles do not generaliy participate in Diels-Alder 

reactions with olefinic dienophiles. To our knowledge, only the 

very reactive Ihexafluoro-Dewar benzene is known to react witft 

pyrrole, giving the 1:1 and 1: 2 adducts 811 and 82 9 
... 

(81) (82)" 

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

symmetrical acetylenic dienophiles were known to react with 

pyrroles to produce the 7-azabicyclo(2.2.I)hepta-2,S-diene 

system 83: acety1enedicarboxy1ic acid 93 ,95,96,97, dimethyl 

acetylenedicarboxylate (DMAD)9S,98,99, benzyne 100 , tetrafluoro­

benzyne 101, and tetrachlorobe~zyne102. The~e reactions were 

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

itself and ben/zyne afforded 2-phenylpyrrole 103,. More recently, _ 
/ ' ( __ /1 

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

(e) with pyrroles 10 .. ,105. 
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~ Of aIl the dienophiles" the reagent that would Most 
, ' 

readily and c~nveniently produce adducts structurally close to 

" ?? was DMAD. It,s adducts are generall y more stable than those 
\ 

of its closest analogue, acetylenedicarboxylic acid. In fact, 
\ 

\ 

attempted esterification of two 7-azabicyclo(f:2.l)heptadiene-
\ 

2,3-dicarboxylic acids 84a and 84b with diazomethane in mild 
'1 -- -. . 1 

conditions led to dhcomposition liberat±fg the'corresponding 

pyrroles 106 ,96. Furthermore, the reaction ')etween DMAD,and 

N-carbomethoxypyrrole 107 hàd been catalyzed by a Lewis acid, . ", . 
aluminum trichloride, resul ting in ' a much higher yield o.f the 

() • 1'0 

desired adduct under the right conditions 98 than any ~ther' 

reaçtion. 

1 
( 

Il 

R ' . 

·kCOOH

'. COOH 

\ (84a) R - CH2Ph , 

(84b) R- COOMe 

1 J 

, r 

.~. 
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, / 

1 

AlI: of our preliminary atte,mpts to. condense, methyl 

S-nitroacrylate with N-carbomethoxypyrrole met with failure. No .. 
" reaction occurred even when the pyrrole w,as heated six hours 

III· 

, 

in toluene with excess dienophile. Reactions catalyzeq by alum­

inum trich10ride led to an intractable mixture of products. 

Accordingly, several approaches were envisioned 

wherein the key intermediate would be the symmetrical di4ster-

88.' It was hoped that this compountl could be obtained by hyd~oxy­

lation and protection ol the Diels-Alder adduct !!l-, apd that it 

could be converted to a diketoester 87 or an a-ketoacid a-keto-

e;ster 88. Ideally, an oxidative decarboxylation of 88 would le'a4, 

to an acid a-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 8 ,108,109. 
J 0 ~ 

~ 
~COOCH. 

P--!(COOCH~ 

(86) (85) 

, ~ 

,\~COOR 
o COOCH, / 

,/ -
(87) R-,CH 3 
(88) R-H 

.... 



\ 

'\ 

b. N-Carbomethoxy-7-azabicyelo(2.~.l)norborn-2-enes 
"Z 

, 
1 i 

The most readily available precursor to a molecule of 
~ 

type 88 was N-earbomethoxy-7-azanorbornadiene 89, prepared in 

90% yield by a Diels-Alder reac,tion of DMAD and N-carbomethoxy-
i 

pyrrole catalyzed by five equivalents of alum~num trichloride 98 

Hydroxylation of this ~dduct with a catalytic ~mount of osmium 

tetroxide in the presence of l 30% hydrogen peroxide 110 produced 

a low yiel~ of crude diol 90. This was converted to its oily 
-

,îsopropylidene derivative 91 with 2,2-dimeth6xypropane, acetone 
, 

and p-toluenèsulphonic acid in 23% overall yield based on 89. 

~OOCH3 

~COOCHa 
!J .. 

OOCHa 
"jI, 

(89) (90) ,R-H 

(91) RR - C ( CH 3) 2 

. 
The e~o-ai8 stereochemistry of the diol and its 

, 
acetonide was substantiated by thé p.m.r. or 91, which showed 

" 

'" a singlet for protons Ha. and Hb' as well as a singlet for Hc 
\ 

and Hd' Thus, no coupling was observed betwe~n Ha and Hc' nor 

between Hb and Hd' In 91, the dihedral angle between Ha ftnd He 

or Hb and Hd is estimated to be abou~ 80-90 0 from a consideration 
\ 

of molecular models, whereas if Ha and Hb were exo-pro~ons e91a), 

the angle W(Uld be about 30-40 0
. Thus, ignoring'neighboring group 

1 
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o 

electTonega~ivity effects111 , the Karp1us CUTve 112 predicts very 
'~ 

~eak or nonexistant coup1ing in 91 between H and H , but a coup-, _ ,- a c 

ling constant of about 7 Hz for structure 91a. Sin~e H and Hb 
-- a 

appear as a singlet, the exo-ci8 stereochemistry of 91 is con-

firmed. In fact, the p.rn.r. spectra of other 7-azabicyc1o(2.2.l)­

heptane derivatives l13 exhibit virtually no spin-spin coupling 

between the bridgehead protons anù endo p'Totons at C-2 and C-3 

(J<1 Hz), indicating that the dihedral angle between the C-H 
(1, 1 

bonds is usually about 80°' in such compounds. ' The observable 
• 1 

1 cou'Pling of exo-pro,tons at C-Z and C-3 with Hc and Hd however, 

has proved very useful for the assignment of exo or endo stereo-, 

chemistryl13,11~. The same situation applies to ,bicyclo(2.2.l)-
\ 

heptane 115, 7-thiabicYClo(2.2.l)heptane l16 and 7-oxabicyclo(Z.Z.1)­

heptane 117 d~rivatives, which clearly have very similar geometry .. 

Since the hydroxylation proceeds via a cyclic osmate 

ester of the diol l18
, steric considerations for this intermediate 

strongly suggested that the hydroxylated ~ompounds had the exo-ai8 

configuration, since there should be less interference between 
• J 
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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 
, 

nitrogen, since H and Hb will appear as a singlet when the - a 

substituent is the acety.l or even the bulky tosyl group. 

When 91 was ozonized at ~78° and the ozonide reduced 

at Iow temperature with dimethyl suIphide l19 in an attempt to 
, 

produce a diketoester of type 87, a complex mixture of products 

was obtained. Similar attempts to oxidize 91 with ruthenium 

dioxid~ - sodium periodate 120 led to several products. The 

ozonide of 91 was unstable and "showed broad peaks in its p.m.r. 
t 

spectrurn even when freshIy prepared. Thus, it was gecided to . 
" investigate a similar approach with other nitrogen-protecting 

, 

groups; in the hope that one could be found t~at would confer 

stability ta the bicyclic system during the oxidation steps. 

Hence, the electron-withdrawing acetyl group was 

investigated, as weIl as the very stable, bulky p-toluenesul-

phanyl (tosyl) group. " 
1 

c. N-Acetyl-7-azabicycIo(2.2.1)norborn-2-enes 

The N-acet~ adduct 92 was piepared in a manner analogous 

to that used to produce the 'N-carbomethoxy detivative 89. The 

highest yield (65%) was obtàined when equimolar amounts of N-acetyl 

pyrro~e 1.21 and DMAD were reacted in met~yIene chloride in the 

presence of a fivefold exces~ of aluminum trichloride. A l~% 
~ 

. -
\ 
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yield of thed-substituted pyrrole 93 was also obtained. The 
J --,; 

latter is beiieved to be formed from a Michael type addition 111, 

and compounds like it have commonly been isolated from both 

thermal reactions 95,96 d13 and catalyzed ,reactions 98 of other 

pyrroles with acetylenedicarboxylic acid-~r DMAD. Our products 

were completely purified by chrom~tography on silica gel, and 

the stereochemistry of,sidé product ~ was determined from its 

p.m.r. spectrum*. A fuller discussion will be presented when 

\ 

1 

di~cussing the side product obtained when the substituent on 

the nitro~en is the tosyl group. 

~OCHs O-J0,c!i, 
~ 

'1 ~ 
H COOCH, N 

b !J t~o CO.cH, 
H, COOCH, 

H, 

(9·2) (\ (93) 

., 

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

coupling of the bridgehead!protons with the vinylic protons 

noted in normal 7-azabicyclo~.Z.I)heptadienes containing iden­

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

expec~ed from a dege~erate AZX2 system, protons Hc and Hd of 

!! displayed two equal i~tensity signaIs in deuteriochloroform 

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

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

1 ~ 
* Prinzbach et aZ~3 could only obtain a semi-pure Dieis-Alder 
adduct 92 in 45% yield from a thermally catalyzed reaction 
using a-rwentyfold excess of DMAD. 

.\ 

) 

(' 

, 
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\ 

'~:i 
COCHa 1 

\ \ 

H~COOCHJ 
H :f11:-I-COOcH. • 

(98) 

\ 

\ 

\ 

t 

\ 
~ 

multiplet in each solvent at approximately 7.2 p.p.m. These 
\ 

abso~ptions are weIl downfield of usua1 bridgehead proton reso-, 

nances 93
, and are a result of restricted rotation about the 

N-CO bond12~ , which makes hydrogen atoms Hc and Hd nonequivalent. 
v 

From the coalescence temperature 125 a norm~l amide rotationa1' 

barrier was determined, and in ~ct !! disp1ays a normal amide 

absorption at 1685-1690 cm- l in its i.r. sp~ctrum. 

Hydroxylation of 92 with osmium tetroxide - hydrogen 
-

peroxide afforded a poor yield of crude diol !!. This was con-

verted to its crysta1line diacetate ~ in 25% overall yield, 

and to its oily isopropylidene derivative 95bl in 20\ yield. In 

aIl, cases a substantial amount- (20\) of the retro Diels-Alder 

product, 3,4-dicarbomethoxy-N-acetylpyrrole (98), was isolated 

from the~YdrOXYlation step. A reaction temperature of 50 

1 lowered this yield \by about 5\. Similar products, such as 3,4-

dicarbomethoxy-N-carbomethoxypyrrole (96a) and the N-tosylpyrrole 

~, have routinely been obtained from the thermal decomposition 

of the corresponding adducts 93 ,107. -

\ 

\ 



Unfortunately, attempted oxida'ti,ans 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 

severai smaller ~eaks, indicating that the oxidation of the 

N-acetyl moiety had occurred. 

d. The phenacylsulphonamido protecting group . 

Another N-protecting group which is easily attached 

ta and removed (Zn, CH3COO~, H+) from amin~s132 was investigated: 

the phenacylsulphonam~do functian. Phenacylsulphonyl chlaride ~ 
1 

was prepared from its acid 97 133 and reacted with one equivalent 

(9?) X - OH 
(98) X - Cl 

'f 
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\ 

of pyrrole and 1.5 equiva1ents of triethylamine at _40 0 in 
\ 

methylene chloride. The crystalline product obtained in 20~ 

yiel~ was not the expected ~-phenacylsulph~nylpyrrole however, 

but the' 3-substituted pyrrole 99. Modifications of this procedure 

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

chloride 98 with potassium pyrrole ~ed to a low yield of 

several products. The unusual substitution at the 3 positio~ 
, 

of pyrrole was perhaps due to the high reactivity of phenacyl-

sulphonyl chloride 98. 

O~ C-CH-Sor~H 
_ " 2 t-y 

o 

(99) 

The' structure of ~ was confirmed by the presence of 

a strong band at 3350 cm-l in the i.r. spectrum, indicating a 
1 

free pyrro1e\N-H, and a typical p.m.r. pattern for a 3-substituted 

pyrrole: an exchangeable (DZO) proton at about 7.6 p.p.m., and 

one-proton multiplets at 6.~8, 6.67 and 7.00. 3-n-Pro~yl pyrrole 

'dfsplays an exchangeable proton at about 7.8, and one-proton 

multiplets at 6.13, 6.55 and 6.7013~. 

1 
-, , 

e. p-Toluenesulphonamido-7-azabicyclo(2.Z.I)norborn-2-enes 

Potassium pyrrole 126 was reacted with p-toluenesul-

phonyl chloride at room temperature, producing N-(p-toluenesul­

phonyl)pyrrole (100) in 55% yield. The latter was condensed wi,h 

\ 
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excess DMAD to give a 30% yield of the Diels-Alder adduct 101 9
'. 

1 

AlternateIy, severai attempts were made to carry out an aluminum 

tr ichloride" - ca tal yzed cycloaddi tion wi th equimolar amoun ts 

of addends and varying amounts of catalyst. The highest yield 

of the,desired adduct was obtained when a fivefold exces~ of 

AIC1 3 was used: 60% adduct and 40% 2-substitufed pyrrole 102. 
, 

A 3:1 AICl 3:addends r~tio afforded 102 almost exclusively in 
\ ~ 

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

of the two products. Unfortunately, the products cou1d not be 

separated easily from each other: fractional crystallizations 

failed, and s,paration by chromatography wa~ difficuit because 
, 

the Rf values were almost coincident. Complete separation co~d 
1 \ 

only be accomplished on a smal1er scale by preparative t.l.c. 

(p.l.c.). Thus, for large scale preparations the thermally cat­

aIyzed reaction93 was h~ed, and the non-reacted addends were 
r 

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

0 cO W:~H' 
1 1 1 02CH~ o=s;:::o 

0 
0=5=0 

O=S=O 

Ç:. 1 p:!:'COfH, 
CH, 

_ COzCH, 

(100) 
(102) 

(101) 

. \ 

, -~- ._--...... . .... ------.--.-.. ---------------- ··~::---..... J .. l .11II'.-.lIIIliDIIII,III8F?illllIIiiiliiIlIIlllIi" 
1 ~ ~J t ~, L • ,.;'t\ ""'1IIIJIIIIf 
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The structure of 102, like that of ~, was determined 

from its pom.r. spectrum. The most revealing proton was H ; , a 

this olefinic proton displayed a singlet at ô 7.33 (102) and 

ô 6.93 (~) p.p.m. respectiveIy. The chemical shift for this 

proton was 6.96 when R -COOMe (103 )98, and in dimethyl fumarate 

it displayed a singlet at 6086. Conv~rs~ly, in dimethyl maleate 
\ ' 

it appeared at 6.16 and in 104 98 at 6.36. The pom.r. spectra of 

our ~ide products clearly indicated that their structures were 

those of fumarates 93 and 102
0 

J(
0CH3 

!J COOCH, 

OOCHa 

(89) (93) R - COCH
3 

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

(104) 

The stereochemistry of 93 and 102 aou1d be predicted 
\ 

from the work of Bansai ~t aZ 98
• In their e~periments involving 

the AIC1 3 - ca talyzed additj.on of DMAD to N-carbomethoxypyrro1e t 1 

when the AIC1 3: addends ratio was I: l, a higher "'reaction temper­

ature (40
0

) favoured the synthesis of the Diels-AId~r adduct 89 

and inhibited side reactions producing fumarate 103 and ma1eate ----
104. A threefold increase in the AIC1 3 concentration not on1y 

raised the yield of adduct 89 from 54 to 76% but aiso ca~sed 

__ ~~ •• n_ •• ," ", ;~:~>~, .;', ': " .,~.~~,~ ~)::',~-.~:-, I
j
-"-,-.-, ,-. ,-,--- • ,'" ,- '-:.1:", .-;-;"';----..... lil!I'1I1111I~.J.I.lllllm.rllill1.I!I •• III 
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total isomerization of ma1eate 104 to fumarate '103. When the 

ratio was 5:1, the yield of ~ was about 90%. Independent 

experiments established' th~\t 10~ isomerized to fumarate 103 

but that neither compound was interconvertible with the adduct,,89 

in the presence of AICl 3 . Thus it was exp~cted that a fivefold 

excess of AICl 3 and a reaction tempera~ure of 40 0 in the present 

work would l~ad only to fumarate side p~oducts. Furthermore, 

fumara tes are, usually the maj or 2'-substi tuted pyrrole 5 ide 

products in thermally cata1yzed reactions. 

The adduct 101 was' hydroxylated in the usual manner 

to diol lOS, and' the crude product was converted to\the crystalline 

acetonide lOBa in over 50% overall yield. The dio! was also 

characterized as i ts diaceta te 106b. Thi~ was by far ,the easiest 

an~most productive'conversion of a Diels-Alder adduct to a 

protected e~o-ai8 diol. 

(105) R-H 

(lOBa) RR-C(CH 3)Z 

(106b) R - COCH3 

The first attempts to oxidize the olefinic diesters 

lOBa and 106b, to a diketoester wi th ozone met wi\th failure, , 

because both starting materials proved to be completely inert 

l :: - --, . -.-- ·-:--:----r-~__.___:_:____I_I -
l'; .,r~~,,~~" .... ~ ...... ~4 .. "",,:,1 ... ";',1" . .t;.: .... ~~ ... 11~ ...... ''''· .... "'t \.,,'X': ~', 
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~: 

"J 
,1 

" 
, ~ 

, 
~, 

77 



-41-

, '" to ,electrophilic attack by 03 at low températures. No reaction 

occurred until the, temperature for the ozonolysis was raised 
o above a ; even then, prolonged treatment afforded sorne unreacted 

material plus a mixture of other products, probably due to 

oxidation of the aromatic màiety. The olefinic absorption at 

1650 cm- l in the i.r. spectrum was especially useful for 

following the reactions. 

The double bond in lOBa apd lOBb was clearly unreac­

tive towar.ds electrophilic a,ttack because of deactivation due 

to delocaliz~tion of its electron density onto the carbomethoxy 

groups, and possibly steric interference from the bulky tosyl 

group. Fortunately however, lOBa reacted smo~thly 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 120 • The diester was converted cleanly 

to the diketoester hydrate 10? in over 50% yield. The latter 

was a powder which could be recrystallized from methylene chloride-
• carbon tetrachloride, but, i ts p.m. r. spectrum (fig. 1) showed 

" 
a sharp singlet exchangeable with DZO a~ 4.50 p.p.m. Duplicate 

\ 

analyses confirmed the presence of one molecule of water in the 

solide This 'water of hydration~ could not be removed from the 
'0 compound even with prolonged heating at 50 in vaauo. Furthermore, 

because of the simplicity of the'p.m.r. spectrum, the product 

probably existed in the form shown on the next page (lOra) 

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

istry which would result in a more stable conformation than if 

li 
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J 

( 1-0 ? a) R - CH 3 

(109) R-H 

(isomeric 
mixture) 

the càrbomethoxy groups were exo-ais. The latter arrangement 
r Q 

would be unst?bl~ due to the .large, destabilizing l,3-diaxial 

1 interaction between the two carbomethoxy groups in the ,six­

membered morpholine ring. This conclusion is similar toCthat , 

reached by Martel 109 fo~ a closely related bicyclic system (108). 
" -

1 

(108) 

Selective hyd~olysis of 10? with one equivalent of 
• sodium hydroxide in THF - water afforded the solid acid-ester 

~ in 60\ yield. Again the analysis and.~pectra~ data indicated 

the! ~presence Qf one Molecule of w~ter tied up in the solid 

,~ , 
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prod~ct. Thus an important intermediate for our final stepS had 

been produced. 

The reverse ,sequence oleading to 109, namely selective 
/ ~ 

hydrolys,is of unsa'turated diester lOBa t~ acid-ester 110 and 
, 

subsequent ,o~idation, was not successful. Th,e hydrolysis did 

proceed smoothly to the unsaturated acid-ester 110 lin 70\ yield, 
, --

! 

-'but aIL oxidations with ruthenium tetroxide gave intractabl~ 
1 

products-. The oxidations were aU buffered to pH 6-7 with KH 2P04 -' 

NaOH to prevent the pH of \~he reaction from drbpPing too low 

and destroying the isopropylidene group, with subsequent cleavage 

'of the re~ing diol. But aIl oxidations yie~ded a poor recovery 

of a mixture ~\ acidic 'compounds . . It\ 
. '\ 

/ 

( 1 06 a) R - CH 3 

(110) 0 R-H 

-----------~ , 
'The p.m.r. spectrum of 110 in ~~6-dis.played ' 

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

which,was a broad ~Cid proton peak st about 6.4 p.p.m. This can 

only bè\accou)rted for by assuming that the carboxylic acid 
\ 
,jt 1 

hydroxyl bf 110 attacks the neighboring methyl ester and forms 
1 

a stable orthoester-type adduct 110a in a very polar sOlvent, 
\ 

" 
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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-S and C-6 were also 

present. 

(110a) 

/ 
The crucial step, oxid~{ve decarboxylation of 109, 

could not be,accomplished cleanly. Attempted reactions with 

-lead tetraacetate in agetic acid and water 127 led to a mixture 

of products. This reagent is the preferred oxidant for a-hydroxy 

acids, and i t is known ta cleave a-ketoacids effecti vely 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 J and t.l.c. 
1 

Reaction with benzoic anhydride and 

showed several prdducts. 
1 

pyridine, reagents reportedly 

able ta decarboxylate a-ketoacids 128 to aldehydes under mild 

conditions, did not yield any aldehydic products. This indicates 

that the ketoacid 109 CP .42) was not formed eyen under these dehyd­

rating cdnditions. A final attempt ta decarboxylate 109 with 
....... 

\ 

It 
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J 

sodium periodate in an acetone - acetic acid - wat~r solvent 

system 129 
J a method which had been successf~l with a-hydroxy 

acids, also yielded an intractable mixture. 

Since aIl attempts to decarboxylate 109.smoothly were 

not succe~sful, it was decided to try to reduce the acid func-

. f h d i""d' h tlon 0 110, protect t e resulting alcohol, an OXl lze t e 

olefin to t~e ketoester 111 or its hydrate. We hoped to cleave 

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

an aCld ketoester. 

(110) (111) \ 

Howeye,r, reduction of 110 with borane - tetrâhydro­

'fura!a reagent that reacts very quickly and selectively with 

most acids 130 
J led exclusively to reduction~ôf, the electron-

----
deficient olefinic linkag~_.~înêâ~-~uantitàtive yield of a 

~~-------
mixture of acids-î18 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 sorne normal réduction of the 

acid ~to an alcohol would occur. 

\1P 
" -

IL., ., f. l '"\ 

\\ 
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\. \ , 

(112) R-H, m.p. 109-1130 

(114) R-CH 3 

(113) R-H, m.p. 57-61
0 

(115) R- CH 3 \ 

\ 

The stereochemistry of the two products was determined 

from their p.m.r. spectra and those of their methyl esters 114 / 
~ 

and 11S, which were obtained' by methylation with etheral d/azo-

methane. Ta begin with, there are pronounced differences in the 

multiplicity of the signa~s arising from an endo proto~ or an 
1 exo proton at C~2 or C-3. As mentioned previously, there is a 

dîhedral angle of about 80 0 between ~ bridg,head proton and an 

endo proton at C-2 or C-3. AIso, an angle of about 120° exists 
"-between protons band c when they are tpans, whereas when they 

are ais it becomes almost 0°. Again ignoring the sma1l influence 

of .a neighboring electronegative atom on the coupling constant 
, 

of vicinally coupled protons III J the Karplus c urve l12 predicts , 
the fOllowing /t;;sion angle dependent coupling constan'ts: 

, 
J b'::! 0 Hz, J b = 7 Hz, J b = 5 a- 1 . a- 2 c- 1 

Hence one would expect a doublet 

Hz, J
C

- b21 = 10 Hz and Jd-c = 7 Hz. 

( J -b :::: 5 Hz) for endo proton c 1 

C) bl of a 'trans structure, and a broad tripl\et (J
C

-bl :::: 5 Hz, Jd-c ::! 7 Hz) 

! 



~ , 

1 ( ? 

/' ., 

f 
f , 

j 
; 

\ 

-47-

for its pro~on c. 

Furtherrnore, in a t~ans structure there is a consider-

able difference in chemical shifts between an endo and an exo 

proton. This is due rnainly to the deshielding effect of the 7~ 

nitrogen and its protecting group on th~ latter hydrogen with 

respect to its effect on the former. For exarnple, th~ differenèe 

between the exo and endo proton at C-2land C-3 respectively in 

116 was 0.55 p.p.rn. I13
: ô 3.55 p.p.m. vs. ô 3.00 p.p.m. 

) 
The t~ans stereochemistry of the minor acid product 

112 (30% yield) was easily deterrnined from the presence of an 

endo proton doub let (J:= 6 Hz) a t ô 2.97 p.p.m. in deuteriochloro­

form (3.53 in pytidine-d5) ~ 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 
• 1 ,.... • 

wlth the trans structure. lhe endo-a~8 structure of the major 

product 113 (65% yield) was sirnilarly established by the absence 

of any endo proton absorption in its p.rn.r. spectrum. Protons , . 
bZ and c appeared as a two proton multiplet at 3.47 p.p.m. in 

113 (acetone-d6) an~ at about 3.7 in 115 (deuteriochloroform). 

The acid 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. AIso, a comparison of the p.rn.r. 

spectra of 118 and IL! in pyridine-dS showed that the newly 

formed carbomethoxy methyl group appeared slightly upfielJ with 

respect to the original ester function (3.66 vs. 3.80 p.p.m.). 

/ 

" ' 
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rI' 

(116 ) 
( 

(11 Sa) 

/ 
IThese absorptions were similar to those of 116, wherein the two 

carbornethoxy methy1s appeared at 3.61 and 3.70 p.p.m. in deuter­

iochloroforml13 • This ,clear1y indicated that the acid fu'nction-

ality of 112 was in the endo orientation. A clear explanation 

of the reduction mechanism is not yet avai1ab1e. 

No attempt was made to oxidative1y decarboxylate the 

tpans acid 112 with lead tetraacetate - iodîne and then ~hYdrO-
iodinate the, resul ting iodo ester with DBU ta an unsaturated 

ester of type ZL (p. 26), since Marte1 5Z
,109 reporte~ that the 

\ 

desired ester ?7a was produced in low yield from an analogous 

transoid system. 

The deactivation of the COOR groups attached to the 

olefinic bond tawards1reduction was further demonstrated when 

an attempt was made to reduce the diester functions of l06a with 

lithium aluminum monoeth6xide hydride 131 to an unsaturated,dio1. 
\ 

The reagent is, generally utilized for reductions of conjugated 

esters where saturation of the ethy1enic link is a complicating 

.' 
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fact~r. It converts unsaturated esters to primary allylic alcohols. 

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

still afforded a substantial amount of unreacted l06a together 

with a mixture of products. 

TOI 
\ 

~~COOCHI 
o J/--l(A , COaCH, 1 

(lOBa) 

In conclusion, since no clean decarboxylations could 

be carried out, and because in general the yields frl aIl these 

attempts were poor, it was obvious that attempts utilizing the 

Di~ls-Alder reactions of substituted ijyrrores with DMAD would 

" ~~ ~ have to give way to a more productive, straightforward approach. 

The whole general approach involving 7-azabicyclo(2.2 r l)hepta­

diene5 was unsatisfactory, 50 a different bicyclic ~ystem was 

sought as the starting point for the synthesis of azacyclic C-

nucleoside analogues. 

f. Sumrnary and Conclusion 
1 

1- , 
The aluminum trichloride - catalyzed Diels-Alder 

reactions of N-substituted pyrroles with dfmethyl acetylene-
• 

\ 

III il_ 
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, dicarboxylate seem to be generally more useful than the corre­

sponding thermally - catalyzed reactions. Lewis aci~s cause 

an enormous increase in the rate of adduct formation, thereby 

pe~mitting the use of Iower temperatures and shorter reaction 

times. The œddends and adduct have been shown to complex with 

Lewis acids 135
, and the formation of the adduct is Irreversible, 

in contrast to thermal reactiqps, 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 
t 

reactivity as a diene 136
• Thus, by the use of AlCI 3 , the Iow 

yield of 7~azanorçornadienes reported by Prinzbach et aZ 93 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- \ 
\ 

inated. 

The toluenesulphonamido protecting group 'proved to 
"-

be the Most stable of the three investigated towards hydroxyla-
1 

1 
tion and oxidation, and it had the added advantage of producing 

\ 

crystalline products. However, even when the tosyl group was 

attached t~ the n1trogen bridge, the yields of aIl the important 

reaction5 were below 70\. Even 50, the main complication pre­

venting thè 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 
\ 

azabicyclic C~nucleosides\ was required. ~ 

- i 
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Chapter 3 

l ' '" 

Synthesis of a Key Intermediate for the Production of 

Azacyclic C-Nuc1eosides 

a. In traduction 

" 

A 'bicyclic system very closelr related to the azabi-

cyclo(2.2.1)hept-2-ene structure is the az.abicyclo(3~2.l1,5)-
l , 1 

octane skeleton. The eXQ-ais dioi of tropinone, te1oidinone . , , .. 
(119) , had been synthesized by a modified Robinson tropane syn-

thesis 131,138 from meso-tartaraldehyde !2Z.., acetonedicarboxylic 

acid 118 and methylamine in connection with other work on 
\ 

tropane ·alkaloids. Such a compound seemed weIl sui ted for our 

purposes of synthesizing a key bicyclic intermedtate for the 

production of azacyclic C-nucleosides. The de~ired exo-ais diol 

moiety was built in, and 119 cou~d be produced readily from 

inexpensive reagents. We hoped to convert the basic, symmetrical 

H 

'~ HX=O ~COOH 
-0 

H f=O COOH H 4 

H 0 
(118) 

(317) (119) 

\ 

'" 
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ketone structure of\119 to a nonsymmetrical intermediate such 

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

been accomplished~ the bicyclic system could be rupture~ to 

produce potentially useful products such as 120 (fjom the 

lactone) or 122 (via oxidative opening of the diketone enolate 

121) . 

:J::.H 
~COOR' 

(J 20) 

(121) 

~o~f fOOR
' CHI 

, OR 

o 
< I~XI OOR' H-C o 

" 

RO OR 

( 122) 

Compound 122 is an aldehyde ~~ketoester, one of the .. , 
desired, elusive products that we,could not obtain from aza-.... 

bicyclo(2.2.l)hept-2-enes. Also, ester 120 could be useful for 

synthesizing another important intermediate, an a-ketoester. 

Several other possibilities existed wherein teloidino~ 11Q 
\ 

could be transformed to useful intermediates, aIl based on the 

reactive, versatile nature of its ketonic function. It was thus 

chosen as the starting point for our second general approach 

towards azacyclic C-nucleoside analogues. 

. .. ,,, 
A:,' ... iooIIo4.,.,_ .... 
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b. 7-Azabicyclo(3.2.11 ,s)octane Derivatives 

The synthesis of teloidinone as efferted by Sheehan 

and Bloom 137 involved the condensation of acetonedicarboxYlic 

acid' 118~ methylamine and~eso-tartaraldehyde 11~ at pH 5.2. 

The dlaldehyde was prepared by acid hydr9lysis of its cyclic 

'acetal, cis-3,4-dihydroxy-2,S-dimethoxytetrahydrofuran (124), 

which in turn was produced by hydroxylation of 2,S-dimethoxy-
, "-

" 

2,S-dihydrofuran 123 with potassium permanganate. ~hile 

following this scheme, we have made several improvemènts. To 

bégin with, the tedious hydroxylation procedure has been replaced 
, . 

by a very simple, straightforward modification of the method 

used by Gagnaire and Vottero 139 , affordirig the mixture of piOls 

124 in 43\ yièld. This mixture was characterized as the diacetate ---- ' 

o 0 

125, m.p. 90,-2\ , the p.m.r. spectrum of w~ich displayed a six 
\ 

proton singlet for the acetate methyls at !5 2.09 p.p.m., a 

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

;--

OMI OMI 

::r> ((0 Re • 

OMI OMI 

(124) R-H \ (123) 
1 

(125) R- COCH3 
1) 

0\ 

.111 
1 

,!ald .' ... 
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1 

two two-proton multiplets at 5.14 and 5.24 p.p.m. It also gave 

a satisfactory elemental analysis. The conditions for aoid 
, 

hydrolysis of ace,ta)- 124 with hydrochloric acid, and subsequent 

Robinson synthesis in a pH 5 aqueous buffer, were not a~tered 

substantially. However, the èxtended continuous extraction 

technique 137 '138 used for the isolation 0 teloidinone was re-

placed by an extractive technique that virtually the 
< 

same yield of product in a conside~ably orter time period. 

Recrystallized teloidinone, of 5uffici purity for the next 

step, w~s recovered in over 40% yield. ( 

The stereochemistry at C-2 and C-5 of the acetal 124 

" i5 not important, because once the methyl acetal structure is 
,...J 

hydrolyzed, the resulting dialdehyde is a symmetrical compound. 

However, the exo-ais diol stereochemistry of teloidinone 119 

is essential, and it has been confirmed j that when the condensa-
- 1 

tion is ef~ected under 'simulated physiological conditions' 137,138 

as in the present work, teloidinone is the sole product isolated. , JI, 

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

detected. The definitive proof for the 5tereochemi~try of 119 

was its conversion to teloidine 1261,38, tropan-3a,6S,78-'triol*. 

Since 126 rormed a lactone salt with ethyl iodoacetatel~2 whose 
t 

chloride 127 resisted periodate oxidation, and any tropane 

formed from meso-tartaraldehyde must have ais-oriented groups, 

teloidine was thus a 6S,78-tropandiol. 
, ' 

* According to convention1~O,1~1, the functional groups ois to 
the N-methyl bridge are designated as 8, while the tpans ones 
are designated as a, as in steroids. Thus teloidinone i5 66,78-
dihyd~oxy tropan-3-one. 

'-'''~,\iiiil_P_,~ , 
, . \ 'v .. ct' ho dtte 
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Our p.rn.r. specctrum of t'eloidinone procluced furthe·r 
1 <>' 

proof of this~exo stereochemistry: the 6a, 7a protons displayed , 

a ,twg, proton s inglet, reminiscen t of the endo C-S, C-6 protons , , 

of azabicyclo(2.2.1)hèpt-2-enes. A similar'stereochemical explan­

a tron of the weak er noriexis tant coupl ing between the 6a, 7a 

protons and th~ bridgehead protons led us to conclude that the 

C-6 and C-7 hydrogens in teloidinone (~) are indeed in the 
r 

endo, or a, orientation. This stereochemistry is of c'ourse 
, 

expected in view of the fact that a (endo~ai8) hydroxyl groups 
/ 

would be subject 'to considerable steric interfeten~e fr01n the 

s,ix-membered piperidone ring of teloidinone in i ts favour'ed 

chair conformation. 

" " 

(119) 

\ 1 
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have 

. BeCaU~~ of their simplicity, RObinson-tYPe'Syn~heSe~ 
~ee~ utiliz':;'~n 'a majority o·f known iattempts to synthe-

size various Itropane alkaloids. A m~re tecent synthe~is emplo~ed 

,the irdn nonacarbonyl promo~d" cyclocoupling reaétibn between 
, " ~ \ 
a,a,a' ,a'-tetrabromoacetone and N-carbomethoxypyrrole to even-

, • 1 \ 

tually produce 128 in approximately 60% yield based on th~ 
" 

pyrrole lit 3 • While this approach seemed to be more frui tfui than 
~ , (, 

• 1 • 

(128-) 

f '0 

. , . 
t~,e ·Cl'~Sic.al: pt'oc~dure, in 'our hints the yield\ o,f the cycIo-

addi tion was lower than' reported. Furthermore, the next requi'red 
" J 

step, hydro,xYlation of 128 tp ~n e::r:o -ai8 diol ~ did not seem very 

at,tractive due to' th~ generally Iow yields olf such conversions 
f 

(Chapter 2). Overall ~,then, ~,t :;eemed that the oider technique 

(was more applicable in our cas~, ~ince the required stereo-
, ~ -

'chemis't~'y, was al ready present in th~ 'initial product; whereas 
. 

• , 128 would probably afford only' a fair yield of diol. 

-Teloidinone,was converted to its highlY crystalline 

lisopropylidene derivative 129 with a'cetone and concentrated 

, ,\ 

----;--,,-- - ~-~----~ 

": ~ ... )<i.: ,,: ", ..!:.<,:-~({:\-,'~·,':"i~;,~:t;t:.; ,y); '1S"' ':~ 
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'" hydrochloric acid 'in 90t yield by a s+ight modification of the, 
~. 

known procedure 144 • The p.m.r. spectrum of bath this acetonide 

(fig. 3) and teloidinone displayed a singlet :fo,~ the tertiary 

6a, 7,a protons, and amuI tiplet ( for ,the four protons c~est 

/ 

to the ketone that is typical of the N-methyl azabicyclo(3.2.11 ,s)-
4 

octan-3-one system. These comvounds exhibit a four proton mult-, . 
iplet from ô 2.0 to 2.9 p.p.m. that resembles very closely an 

',AB quartet (fig. 3). The upper field 'douqlet' at 2.34 and 2.06 

( p.p.m. repre~ents the more ,shielded ex protons at C-2 and C-4, 
~ 

and the large separation between tiese broad singlets is due 
• 

tOfgemina~ coupling between the a ,and B ~rotons. The lower 
, \ 

field 'doublet' representing/the two f3 p\otons th'a.t are deshielded 

by the nitrogén bridge, is further split ~-'y the bridgehead pro. / 

tons. Observable coupling occurs only between ,bridgehead protons '" ". , 
and B-9riented proton~ due to geometrical consider~tions; 

virtual1y nQ coup~ing is expected with a-oriented protons. 
u 

" decided 'that At thii point, it was the oxidatid'n-prone , , 
li \ ... 

" , 
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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 ta succeed. A good choice seemed to be an N-carb­

alkoxy group, which was stable to the iforementioned conditions. 

For example, it was known that N-methYl~rtiary amines could 

be converted to N-carbethaxy urethanes (l.e. carbamates) with 

ethyl chloroformate1'tS,146,141Jl48 , and it had been reported that 

such groups were reducible by lithium aluminum hydride to the 
J 

original amines 145 , or were converted to the free secondary 

amines under strong alkaline 141 ,148 or milder acid 14h conditions. 

Several benzyl14S, phenyI14S,147,148 a,nd 2,2,2-trichloroethyl149 

carbamates have also been reported. These can be cleaved under 

milder, more selective conditions. 
\ 

Since we did not want ta'place too bulky a group on 

the nitrogen bridge for our initial studies, it was decided that 
~ 

the smaller members of the alkyl chloroformate family would be ' 

uST~' When teloid~one 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 abtained. Its infrared spectrum clearlf indicated the\presence ' 

of a new urethane or carbamate carboxyl absorption at vc-o 1705 
1 " -1 

cm- , very close to the ketone,peak at 1720 cm , and the N-methyl 

single't in the p.m.r. spectrum of 129 was replaced,by an ethyl 

quartet - triplet system at ô 4.15 and 1.27 p.p.m. respectively. 

Although no reference was found in the literature' 

'\ , 

;:;-: :- -~<--- - ---~, -~;-~~:~. 1 i ' 
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\ • 

pertaining tb the analogous reaction with methyl chloroformate, 
.; 

a similar reaction of the,acetonide at 900 with 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 
y 0 

carried out at a lower temperature (60 ), both conversions were 

mor~ sluggish, but a higher yield of urethane was produced. Under 
~ \-

optimum conditions, a 75% yield of 131 and a 15-20% y~eld of the 

precipitate were obtained in a reasonable time~period. 

, \ 

• 

(130) R-COOEt, m.p. 77-780 

(131) R - COOMe, m.p. 123-123.5 0
, 

'" 
The p.m.r. spectrum of the N-carbomethoxy derivative 

- ' 

131 displayed a three proton singlet a,t 3.79 p.p .m. (NCOOC!:!.3)' 
o 

a broad two proton multiplet at 4.52 for the bridgehead protons, 

'. 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 p.p.m., very similar to th'e spe..çtrum 

of the ethyl carbamate ~. The structure 'of this multip~et 

differed from that of the N-methyl amine 189 because electron 
l, 
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density from the nitrogen is delocalized anto th~ u~ethane car­

bonyl. Hence the electron density of the non-bonded lone' pair 

on the ni trogen o'f amine 129 is no longer present to cause ~a 

large difference in chemical shifts between the ,~ and ~ protons , 
at C-2 and C-4. With this deshielding effect gone, the fo,ur pro-

1 

tons appear as a single broad multiple~. 1 

Both demethylati~~s are quite different from the reac­
\ 

tion of ethyl chloroformate with tropinonè 132, which was reported 
" 

to produce the N-carbethoxy deriva~ive smoothly in 95\ yieldl~8. 
, 

Obviously sterie hindrance from the isopropylidene group caused 

the reactions in the present work to proceed much more slowly, 
1 f> 

prob.,ably by in terfering considerably wi th the formation of the 

normai~~ntermediate salt for such démethyLations (e.g. 133). 

" 

j 

~H3 '\ 

~ 
(132) 

~ .' (133) 

! . ) 

The natute of the side product produced concomitantly 
1 

with 131 was difficult to establish. Its solubility in wat~r ' , 
, , 

indicated a salt 'structure, ind a test with ~ilver nitrate pro-
1 • 

duc'ed an almost, equimolar weight of silver chloride. This 'same 

1 
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test waS just as, positive once the salt had been recrystallized 

from methanol - ethej. Its p.m.r. spectrum (fig. 4) in D20 was 

extreme1y similar to that of teloidinone acetonide (fig. 3), 
l , 

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

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

How.ever, i ts infrared spectrum clearly showed the presence of 

\ a single, sharp carbonyl band at 1730 cm~l, Most reasonab1y 

assigned to a ketone. Hence we ,suspected that this compound 

might be the methochloride 134. Micro-analytical data confirmed 

this suspicion, but t~ mass spectrum of 134 did not display 

the expected molecular ion at mIe 261.5. Instead; a molecular 

\ 

\ 

ion at mIe 225, resulting from a Hoffman elimin~tion, appeared. 

xe 

(1"34) X - Cl 

(135) X-I 

Proof' for this structure was obtained when 134 was 

demethylated bac~ to teloidinone acetonide 129 in ver~ po~r yield . -r 
~ with I,S-diazabicyclO' e2.2 .2)octane in, dimethylformamide 151 • Also, 

. 
thé methiodide 135 was prepared from teloidinone acetonide and 

• - " 1 

,methyl iodide wi'th difficul ty; i ts i. r. and p .m. r. spectra were 

similar to that of the methochloride 134,~and its mass spectrum 
\ 

was identical to that of 134. Further proof was later produced 
-# \ 

\ 
l' 
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wh~n 134 was reacted with excess sodium sulphide (Na 2S.9HZO) in 
f 

,ethanol - water to jorm ~he interesting 6a,7a-dihydroxy-O-iso-

propylidene-8-thiatrqpan-3-one 136, a nicely crystalline com­

pound, in over 50% yield. The reversaI in stereochernistry at C-6 
1 1 \ 

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

placement of the nitrogen bridge occurs, as shown below. Sodium 

hydroxide is produced in the aqueous medium, and probably initi­

ate~ ~he sequence of reactions by a a-eliminatioQ leading to the 

a,S-Unsaturated ketone 134a l~l. This is follow~d by attack by 

HS- p the presumed active nucl~ophile, from the less'hindered a 
-

side of the bicyclic system. Further interaction ~s displayed 

below converted the salt to 1$6. 
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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 e~o·acetonides examined thus far. To begin with, the 

two methyl peaks of the isopropylidene group now had almost the 

same chemical shift, in marked contrast ta previous cases (viz. 

figs. 3 and 4). AIso, the tertiary protons at C-6 and C-7 now 

appeared as a quartet, probably due to coupling with the adja­

cent bridgehead protons plus longer range coupling with the 

opposite bridgehead protons, i.e. Ja-c-c-c-a::::: 2.5 Hz and Ja-c-c-a :; 

4 HZL Finally, the four pr~tons closest to the carbonyl appeared 
~ 

as a symmetric octet (2.4-3.2 p.p.m.), since both the a and 8 pro-

tons at C-2 and C-4 could couple with the bridgehead protons, 

fS we~ as experience geminal coupling. 

It is not clear by what mechanism methochloride 134 

was formed. Although analogous methobromides have been isolated 

from von Braun demethylations using cyanogen bromide 152 , it was 

concluded that they"arose simply by intera:ction of starting 

~ material with the methyl bromide produced as a byproduct. F~r 

example, under the conditions used to demethylate tropane 153
, ' 

nearly half of it was converted tO the quarternary salt 137. With 

cocaine (138), demethylation was the predominant reac"tion, and 

( 

\ 
only sorne cocaine methobromide" was formed 15~ .f} At first glance, 

this does not 'seem to be the case in the present whrk, because 

no methochloride was isolated in the reaction of teloidinone < 

acetonide with ethyl chloroformate, even though methyl chioridei 
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'Bre ,Hs 
'" 

" 

H;t; Ji~' 
, 

1 : H, OCOC.H, 

(137) 
(138) 

\ ' 
1 

Just aiso have been formed for the reaction to proceed to com­

pletion. There seems to be no valid reason why' the stal'ting 

material should react with methyl chloride in one case but not 

in a~other experimentally similar one. 

The Most plausible expîanation probably involves the , 

alternate reaction b shown below wherein the chloride anion 

attacks ·the urethane methyl of the intermediate'~ in an Sn 2 

displacement~4s. Carbon dioxide and methyl chloride are formed 

concomitantly in close proximity to the regenerated starting 

mate~al, hen'te the two latte"r compounds might int'eract at this 

134 

(133) 
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stage. When ethyl chloroformate is used" however, this cojmpeti­

tive reaction is suppressed, and the chloride anion attacks the 
, ,1 

N-methyl group of thé intermediate 133 exclusively. Now, when 
-0 

we attempted to produce the methochloride l!! by reacting tel-

oidinone acetonide 129 with methyl chloride, a very slow reac­

tion occurre~in warm benzene. Tt is clearly a slow process. 

Accordingly, there is a strong possibility t~at path ~ may 

actually be much faster than path ~, but because of the slow 

interaction between starting material and methYI chloride, a 

relatively minor amount of chloride 134 was isolated. Thus, 

while there is virtually no chance of starting mate rial reacting 

with the small amount of methyl chloride produced in one case, 

there is ample 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 farm-
1 

ation. 

The temperature dependence of the product composition 

may now be explained.'As the temperature is raised, either the 

rate of reaëtion between starting material and methyl chIo ride 
1 

is enhanced, or th~ rate of path ~ is increased at a greater 

râte than the competing path ~. Hence~ greater yield of side 

product is'isolated at a higher reaction temperature. 

Attempts to Form an,a-Dikétone 

Reactions of symme~rical, cyclic ketones with selenium 

dioxide are known to afford fair ~ields of a-diketones only 

_,.\-1.. t _ '-.: ... ~, '''''~ •• .,..Ii ........ ~.. ..-' .~ • '>, ",~ 
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\ 

when excess starting materia1 is employed lSS • In our case, the 

attempted oxidation 01 ~-carbomethoxyte10idinone acetonide (151)1 

to an a-diketone wi~h selenium dioxide 155 in -dioxane - water 

led to an intractable mixture. 

Another attempt to synthesize an a-diketone fnvo1ved 
\ 

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

The method of McKiil.lt>p et' aZ 156 for converting ketones' to their 
"il u 

a-hydroxy derivatives, invo1ving the use of thallium trinitrate 
, 

trihydrate (Tl(N0 3)3.3H20) and ~itric acid in ace tic acid, was 

the mi1des t procedure. Thus the acid-tabi le isopropy1 idene group 
\ 

of N-carbomethoxyteloidinone acetonide (131) was converted ta 

the ~iacetate before it was subjected to hydroxylation. However, 

sorne difficulty was encountered in this transformation. If an 

aqueous solution containing more than 60% trif1uoroacetic~acid 

was used for the deprotection at a reaction temperature above 
1 -

o 70 , a substantia1 amount of a monotrif1uoroacety1 derivative waSe 

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

acetoxy-78-trifluoroacetoxy-N-carbomethoxyteloidinone (141) after 
\ . ' 

normal acety1ation with pyridine' and acetic anhydride. The i.r. 

\ spectrum 'of 141 ~isplayed 
il 

a trif1uoroacetyl absorption at vC_O 
-1 ' 

1800 cm ,an acetyl peak 
. 

at 1760, and both the urethane and, 
c 

ketone carbonyl bands at 1720 cm~l. Its p.m.r. spectrurn ~howed 

a single acetate resonance at & 2.07-p.p.m., and aaquartet 
1 , 

for the chemica1ly different protons ~t C-6 and C-7. The crys-

talline diacetate 140 was iso1ated as the major vroduct (60% 

yie1d) only when a more di1ute acidic solutioh was used for the 

J 
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o 
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(131) RR 1 - C (CH 3) 2 • 

(139) R-R'-H 

(140) R-R.' -COCH3 
m.p. -156-1590 

(141) , R- CO,CH 3 , R' - COCF 3 
. ~ 

hydrolysis a~ a lower temperature. If we had re~uired the di­

acetate 140 in higher yields or in larger amounts, di1ute hydro--
chlorie acid would have,been the .reagent of choice, but this 

was not necessary. The p.m.r. spectrum of 140 clearly showed 

a six proton acet~te singlet at 5 2.03, and;a singlet at 5.02 
1 

for the C-6 and C-7cprotons. , , 

\ 

The diacetate was converted to the powdery a-hydroxy 

ketone 142 in, 40\ yield with thallium, trinitrate trihydratè 156 
• 

, If" ' 

This product displayed' two distinct acetate 
\ 

absorptions .. 
1780 and 1760 cm~l in'its i~frared spectrum (KBr 

<) 

~ 

(142) m.p. 160-161,'50 . J_ 

I 

disk) , 

at \lC-o 

as weIl 

'- 1 

.. 

" 

:~ 
• '. 

.', 

~ 
il 
:;. 
" .' 
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as two Jrethane peaks 

li .. -' 

at 1720.anc;1170S, 

l 
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plus an a-hydroxy kètone 

. carb"onyl ,band at 1650. The latter is -.below usual ketonic absorp-
, -..! 

tions due to internaI hydrogen bQnding.·~ft solbtioPt the ure- • 
, -1 thane peaks co.alesced to a single absorption at 1720 cm", . The 

1 ~ 
\ " 

,sharp singlet f~r \~h~ N-carbomethoxy methyl group in the p.m.r. 
-.:. r"" ~ ..'J 

~"i- spectrum (fig. 6) clea~rly showed ~hat only one oOf th~ 't~o possible 
• , 

i?omers at C-2 was isolated. Two chemiçally different acetate 
" 

''- 1 

méthyls were also displayed at 2.06 and 2.15 p~p.m., as weil as 

a'~wo proton multi~let at 2.70 for the C-4 hydrogens adjacent ~ 
t 

to the ketone. A hydroxyl prdton absorption under the multiplets 
• 

at about 5.4 was determined'when a drop of triflu~roacetic acid 
o , 

shifted it downfield, and caused a change in the stFucture and 
. '- "" 
_integr,ation of the mUltiplet~\inset, fig. 6). The exact"sct';reo'!. 

1 ' .:' .. 

n chem-i:stry at C-2 coul{'not be determined because i1::s' tertiary 
f \ 

proton appeared in the midst o( the multiplets. The broad doub-

let ~t 4.60 p.p.m. was due to the bridgehead proton at C-S,. 
" 

since the :two bridgehead hydrogens in the' diacetate 1,40 appeared 

as a broad multiplet at 4.5 p.p.m. 

, Attempted oxidation of thé a-hydroxy ketone 142 to a 
\ " 

diketone by means Qf the standard reagent fO~ such transforma-- . ~ 
ti~ns, cupric diacetat~ mo~ohydrate in mè.ihanoi\ a~d/or 'ace tic 

\ " • 0 

acid 1S7
, afforded mainly unreacted starti~g material even afte~;' 

• 
4 • 

prolonged treatment. Reaction o~ 142 with dimethylsulphoxide~-
0, 

acetic anhydride: 58
, a mixture very useful ,fo~,oxidation of 

1 ,. 

hindered alcohols, yie~ded mainly recovered.starting material. 
~ 1 

." 
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1 

A s imilar a t tempt wi th pyridini'è,m chlorochroma tel 59 in methylen'e 

chloride failed. Even exposure to ruthenium dioxide - potassium 

periodat~ in a carbpn tetrachloride - water two phase system160 
, 

did not effect a clean' oxidation. It is believed that the hydroxyl 

function i5 exceptionally unreactive due to steric screening 

caused by the N-carbomethoxy group, regardless of whether the 

hydroxyl group at C-2 is ~ or S. In one case the carbomethoxy 
, 

~roup could prevent the formation of the alco\~late ester inter-
.... 

mediate t , while in the other, it could prevent abstraction of the 
, \ 

tertiary proton at C-2. This interference adds to the normal 

unreactivity of ~ cyclic ~-hydroxy ketone towards oxidation. 

A dirêct formation of an olefinic bond adjacent to 

the carbonyl group at C-3~was considered next. We intended to 

synthesize the monofurfuryl derivatives ~ in the hope that 

oxidative cleavage would yield an ~-dik~tone in a minimum of 

steps. Unfortunately, reaction of the ketones in ethanol with 
\ 11" 

one equivalent of furfuraldehyde 161 and aqueous sodium hydroxide 
, 

at 0_5 0 afforded a 4~-SO' yield of the yellow, highly crys~alline 

2,4-disubsti~uted derivatives 144 and 1405. It appeared that the 

rnonofurfuryl intermediates reacted~ven faster than the original 

ketones due to conjugation effects, sinçe no trace of th~~mono­

substituted ketones was found. Several modifications in temper-
1 

ature and amounts of reagents used did not change the nature 

of the products. When a twofold excess of furfuraldehyde was 

" used, the recrystallized di-substituted derivative 146 was 
1 1 

#<' 



1i'" 

" 

" 

JI:) 
CH 0. -' • 

o 

(143) 

> 

reèovered in over 80\ yield. il < 

(144) R - CH'3 

(145) R -COOfvfe 
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, 

In our last attempt to convert the symmetrical ketones .. 
129, 130 and 131, to unsymmetrical Q\diketones, the morpholin~ 

l 
enamines of' these ketones were prepared with the aid of titan-

o j. ' 

ium tetrachforide 162. Of the enamines, 148. was a semi-,~rystalline 

~mpound obtained in nearly quantitative yield before recrys­

tallization, while 147 and 148 were otIs isolated in 75 and 95% --,- --- . 
yield respectively. AlI three p!oved to be quite unstable. In-

deed, when 100 mg of 146 was recrystallized from reagent petro-
, 

leum ether (60-80°), al~ost 40\ of the enamine ~as recpnverted 
• 

to starting material. 

" 

~ 
IL 

~N-':\· 
~o 

,. • 
, 

100-101° (129) R-CH (146) R - CH 3 m.p. , 3 

" (130) IR - CaOMe y147) R-COOMe 

(131) R- caOEt (148) R-COOEt 
fi" 

(1 

(.y 

\!> ., 
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" 
1 We hoped to conve·rt the enamines to unsaturated enamines 

of type 149 by the1method of Birkofer et aZ 163. The latter could 
'" ~ ~ t}v":ithen be hydrolyzed easily to a,e-unsaturatèd ketones 1113 • How-

o .,~:/ ,. 

ever, 'when the enamines were reacted wi th isot'utyraldehyde undet 

the same conditions used by Birkofer et aZ, ~ mixture of produ~ts 

was always 9btained. 

" 

(148) "1 R 

~:. (147) H10 
~ or ---+ 

( 148) .. 
" i 

\ -1, .... 
l (149) 

, 

1 

c. Synthesis of Key Intermed:i:ates ,vlta I:.actonization 

~ ~ 

Since,all our attempts to form an a-diketone failed, . 
"-Il we turned our attention to a more straightforward method of con-

verting the symmetrical ~aterials to unsymmetrical; syntheticall; , 
'useful products: lactonization of the C-3 ketone. We hoped to 

convert the two urethanes 130 and 131 to their r~~pectiv1 lac-

tanes, which would be excellent starting points for. the final 
Il ' 

modifica-tions 'to azacycl'ic ribofUl'anosyl analogues. Baeyer-Vi~ligei 

oxidation of the N-carbomethoxy derivat~ve 131,with m-chloroper-

1 

1. 

\ 
1 , 
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v' 

benzoic acid and a small amount of.2,4,6-triCt-butyl)phenol Ca 

radical inhibitor) in 1,2-dichloroeth~e16~ was oytimized after 

several runs by convenien t'ly following the ~action by gas 
] 

\chromatography. A Hewlett-Pjkard 700 Laboratory Chr.oma"tograph 

was employed, using standa~ SE-30 Ultraphase,and Chromosorb W 
1 { 

support. The reaction tkus mo~itored showed the complete dis-

appe~rance of starting ketone after 2~-22 hours when it was 

carrie! out at 60 0 wi th a 2. S-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 ôf the pe~acid 16~. 

A 60% yi~ld of the: crystal1ine D,L-lactone 150 was 

isolated. !ts infrared spect'rum clearly showed the presence 
-1 of a strong 1actone peak at VC-O 1755 cm , and'the p.m.r. 

J 
spectrum displayed a clean quartet for the C-7, and C-8 protons 

1 
at 4.7 p,.p.m. 

" 
1 

/,' 

" 

(1 .s 0) R - ÇH 3; m. p. Il 7 - 8
0 

( l .s 1) R - CH 2 CH 3 \ 

; . 

1 ] 

.., 
"'~ , : i";" l',' ,O"!_ Ilrn •• ,,4,. J' 

;'u#Wlitt#r enW 'e 'ar' $ r 

.... ; 
! 
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o 

A similarly monitored Baeyer-Villiger oxidation of 
1 

the ethyl carbamate 130 proceeded much more,slowly. Even with 

a gre4ter excess of peracid and a higher reaction temperaturi, 
< 

r 
the conversion to an oily product mixture which consisted rnainly 

of lactone 151 by p.rn.r. ~nd rnass spectroscopy was not as good 
"* 

as with methyl urethane 131. The only explanation for this 

phenomenon must be that the 'long~r, bulkier ethyl chain of the 

N-carbethoxy compound 130 stretches out pver its 4-piperidone 
< 

ring H1 and covers the keton"e at C-3, thu~ blocking the approach 
, 

of the peracid. This finding precludes the use of the more 
"-

easily removable benzyl, phenyl or 2',2, 2-trichJ..oroethyl groups . 
... 

It was known that lithium diisopropylarnide converted 

esters into their enolate salts at low ternperature 165. Carboxy­

lat ion o~ the ~~anions of esters with carbon dioxide had pro-
o 

duced malonic acids16~. Moreover, Grieco and Hiroi 167 had con-
<1 

verted lactones to their enolates with lithium diisopropylamide, 

an? quenchi:ng wi th carbon dioxide also 'àfforded malonic 'acid . 

derivatives. The latter were then decarboxylated in diethylamine-
.,. 
aqueous forma~dehyde to form a-methylene lactones in good 

"yiel?S: 167 • Since a-methylene lactones can in principle be axi­
"-r dized to their ,a-keta derivatives, we applied the method of 

1 

Grieco and Hiloi ta lactone 150,in the hope of producing the 
"' / 

a-metnylene lactOlle 150a, from which a...:.keto lactone 152 would -
be prepared. 

'" 
t , 
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(152) x-o 
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The lactane 150 was reacted with lithium diis'opropyl-

tetrahYdrofu~an169 at _78a~ and the resulting a-anion . , 
,) 

dry carbon dioxide. The erude maloniciJ acid, ' 

t us pr,qduced was treated with diethy.lamine - aqueous .formal-' 

d hyde, \followed j)y sodium aceta te - acetic aeid 167. Howevet, \ 

of products was àbtained ~n every attemrt, prabably 

ring, opening ~f 'the bicycl.ic system. 
1 

A similar attempt to f~nctionalize the ~-positio~ of, 

actone 150 with sodium hydride and methyl formate 83 (i.e. 

ormylation of the enolate) "also. 1ed, ta an intractable mixture. 

similar carbocyclic compound 66 had been obtained in good 

ie1 d from i ts 1acto,ne by Playtis and Fis sekis 83. Condens ation 

f the sodium salt with thiourea had produced the 2-thi6uracil 

in very poor yield, and the latter was converted qUantit~~ , 
, , 

tive1y to the uracil ~, a tarbocyclic analogue of 2',3' -dideoxy-

pseudouridin~ ;.(Chàpter 1). Other attèmpts to functionalize our' 
o 

\., i." \ 

lactone with sodium hydride and furfuraldehyde or isobutyraldê-

hyde alsa failed. 

, 
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(6?) X-S 

(68) x-o 
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Another compi tely different approach, beginning with 

the lactone but leading to an interesting aldehyde, was tried. 

It was hOpéd that the"lactone 150 could be re,duced selectively' 

to the hemiacetal 153 with diisobutylaluminum hydride (DIBAL) . 
• 

Elimination of water would lead to a vinYl ether, and ozonoly­

tic ring opening followed by reductive work-up according to 

the procedure of Freh~l and Deslongchamps 169 , would readily ~ 

afford the aldehyde~formate '154. 

COOCH3 

:r°k6tHO 

o~ 

(153) (154) 

~ 

) '\ 

1 
.1 -' 
~ 

'j 

~ -, .. 

1 
,~ 

\ , 
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~. (. DIBAL was\ known td reduce '.lactones Sm9.1thly to the 

\hemiaceta1 stage 17~, and F~~re~l had u'se,d it for this purpose 

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

" 

:. 

, 
aiso known to reduce urethanes to the' N-methyl amines at room 

temperature 172, the temperature of our reactionYc9ul'd not be 

1 
\ 

o 

(155) 

/ 

" 

raised above 5-100 , Thus, when the reaction was carried out 

with one equivalent of'''DIBAL in dry toluene under nitrogen at 

~100 for 2 hours, a mixture of products was recovered, of 

which the starting material was one comp~nent. Alterations 
.' 

of these experimental conditions did not produce signifi~ant 

amounts of hemiac~tal. When a ,2 .S-fold excess of DIBAl:. was, 

use'd at 50 for 3 ho urs , the maj or product was ,the completely 
'" ~p 

reduce'd dioi 156, recovered as a clear, co10r1ess ail in 30\ 0 

y1eld. The structure of the reduction product'was confirmed 

by conversion to its diacetate 157. The i.r. spectrurn of the - \ 

diol displayed la strong alcoholi:c band peaking at 3470 crn~l\ 
v 

(vO- H)' and a urethane carbpnyl at vC_O 1700. Its p.rn.r. spec-

( -) trum contained a ùre-thane metny1 0 resonance at ô 3.6"8 p.p.m., 
ole 

J - '" \ , ' '\ ) 

\ 
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,(156) R-H 

(157) R - COCH 3 
Il 

/, 
1 0 

isopropylidene methyls at 1.26 and 1.41, and'several'broad 

mu1 tiplets. The mass 0 spectrum c1early displayed pe'aks for the .. 

- ,\ 

moleèular ion (m'Je "275), and for losses of methyl (260), hydroxy1 
, 0 

(258) and methoxy1 (244) radica1s. The'p.m.r. spectrum of the 

diacetate contained two di?tinct acety1 methyls at ô 2.02 and .. 
2.05 p.p.m., and its mass spectrum showed peaks for 1055 of 

(272) fragments. ~ o( 
J1 -, 

At this t~e, it'was decided to open ~he lactone ring 
f 

-\ 

-' . 

, ' t .,' of 150 an~ attempt to conver"t the resul ting ester to intermed- ,. 

iates which cou1d be converted to azacyc1ic nuc1eoside ana-
J 

logues. The lactone was reacted at room temperatu're with ,l.1 

equivalents of sodium methoxide in methan01 to produce the 

, hydroxy mêthyl ester 258 in near qu~ntitative yiel'd. A~tempts - ' - / 
, to cleave the bicyc1ic lactone u~der milder conditions, su~h 
t " 

as 'triethylamine in anhydroas methanol 171 , led to complete 

• reCQvery of the starting material. The alcoho1ic function of 
1 

1'68 was protected with tert-butyldimethylsilyl chloride 173 
, 

~ 

.. 

. ~' 
\ 

! .... j, :~~ '~ _~!!,~_ ~~! 1 1 ~ c !. 
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yielding the oily silyl ether 159 in greatetothan 85% yield 

based on lactone 150. The urethane moiety was comple~ely un­

changed, and no ~ppreciable decomposition of the bicyclic struc-, 

ture occur:red under c the mi1d cbndi tions employ~>d. AlI spectra 

and analy'tica1 data, supported the structure- of 159. Most notably, 

the lactone p~ak in the i.r. spectrum of 150 was replaced-'by 

\ 

COOCH~ 

~<~",(COOCH" 
~ 

. o~ 

(158) R-H 

(15~) R - ~l+ 

an( ester absorption at \)C-o 1740 or' 1750 cm- 1 in alcohol 158 

or sUyl ether 159 respectively, and a new methyh ester peak 

coinc~dent with the urethane methy1 resonance appeared in the 

p.m.r. spectrum. Thë silyl ether moiety displayed a six proton , , 
\ .. 

dimethylsilyl singlet at 0.14 p.p.m., and a nine proton tert-

butylsilXl singlet at 0.96 p.p.m. In th~ mass spectr~ of 159, 

fragmen tations chara-cteristic of a tert-butyldimethy1s'ilyl ether 

were noted. Besides peaks repres~ ting a 1055 of methyl (~/e 

'i 402) and meth~xide (mie 386) radi aIs, strong peaks for ~he ')OS5 
\ , 

of ,the tert-buty1 (mie 360, M+ - 7)-, tert-butyldimethylsily1 ,. 

( m / e 302, M +. - 115) an d Mè 3 C ( c~ 3 ~ 2 S i 0 CH 2 (m 1 e 2 7 2, M + , - , 14. 5 ) 

fragments were obs~rveci. The three latte'r fragmentations are 
.. 
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l' l • found in aIL the mass spectra of such sily1 ethers. 
o As will be seen shortly"this intermediate Eossessad. 

the stability necessary for cdnversion to a more ractive in~ 

termediate, upon which a heterocyclic ring could be formed 

via a cycloaddition. 
'lJ 1 

d. Attempts ta 'ferm a Terminal Olefin 
w 

The' first sequence invQlved the redqction of'the 

methyl ester ta an alcoho1, conversion of the hydroxyl func­

ti~n to li a 'good leaving group, and then formation of atn ole,,-

fin by e1imin~tion. The latter compound mig~t be an éx~remely 

usefu1 dipolâr~phi1e for the production' of such heter~cyclic 

bases as .isoxazolines, ptyrazolines or pyrazoles 171. Alterna,tely, 

i t" coul d be cleaved oxidati ve ly to an aldehyde, thUs producin'g 

othe protected open form of the azacySlic analogue of 2,S-anhydro-

. allose. ~h~ ~ilyl ester 159 was accordingly selectively' reduced' 
, -

over a period of two days with excess diborane in THF, and the 

alcohol 260 was isol~ted in n~ly 70~ yield. This was converted 
.~ A 

quantitatiyely to the mesy~te 1
1
61 with methanesulph.onyl chlo.ride 

and triethylamine in methyfene chlorideo • Besides the urethane " 
, . 

methyl singlet at ô 3.62 p.p.m., the p.,m.rs. ,spectrum of 161 dis-, 
" . played a methanesulphonyl methy1 absorption at 2 ·.~3 and a, broad 

'/ 

( 

o II 

--------, •• 1. tlPli 
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-. 

(180) R-f:I f 
a II ~1) R'!"' SO 2,CH 3 

~'<-/ . 
~ Q ~ i. ~ 

~Ultip1~t ~epresenting th~ ~at~r~te'd methy~?e gTo,Up (C!:!.Z-CH 2-OMs) .-

lOt 1.971> .p.m. ~har1lcteristic mesylate absorptions at .1365 and , 

1180 em- l were presett in its i.r. spectrum, as well as a ure-:/ " ( ~ 

thane carbonyl band'at 1710 cm- l . ' ' 
... \ 

J Unfort~nately, aIl àttempts to eliminate inetha~e,sul-

1 

~" 
" phonie a'cid from ,161 fàile"p:~' • hen i t was treated ,~i th excess 

# ~ 
i>yrid~ne or tri'ethylamJne', no reaction 'o.ccurred, even a't, e1e-

q 
-, 

vated te~perature5: Heating with 1,~-diazabicycloL4.3.0)non-S-ene 
, '\ • , 'li-

(DBN) or DBU 174 for prolonged pe!iods a1so yie1ded no' ol~fin. 
,'\ ~ 

Since dehydrotosylations ,have ,occàsionally be,en repoTted 
, , 

to prb~eed more smootli1y and' in higher yield than' the ,èorre~Ron-
1 .. - .' 

ding de~ydrome'syla tians 175,176, ~nd we hopeâ to o,b t~in a ~rys t~l-
~ .... j 1 .. 

" line derivative ti1coh~l', H~', se~eral 'at,te~?_. were~ ma~e to 

ev-en 

.... irom 

may 

r-
i. 

'1 

at elevate 

the lp.rge t 
;" , 

prevent the 

yI group. liowever , lit tl~ ~e~dion occqI"I"ed, 

teÏnperatu~e's. C'onsiderable st~ric i.rlterfe~n~e 

'~-b~tYldimethYl!?il'y~'t . r ~t '~he' 5-posi1).o~ 
'\ Jo ~ ( e-

desired 4onversion .. At thi "time our concdrrent 
,,,,," 

, ,,'""'\ , ' 

l ' "'w 

• 

ri, 

, 
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" investigation towards the synthesis of an a.-ketoester produced 

a breakthrough, 50 the pres~nt approach was aban~oned. However, , 
'i~ is felt that elimination of methanesulphonic acid from 181 . -
even with the stronges:t b'ases, such as, potassium tert-butoxide 

(KOtBu), would not proceed in'high yield. A study on the reac-
1 

tion of primary ~nd secondarp' aryi, an,d alkyl sulphonates wi th 
"J ) • r 

potassium tert-butoxide in DMS01 17 clearly showed that sulphonate 
, 

este~s of normal primary alcohols or primary' ~~cohols containing 

aLalkyl -substituents gave 20-30% alkenes and 30-70% t-butyl 

ethers ~f the alcoh~ls; under identical conaitions, the alkyl 
1 

~ 

benzenesulphonates of cyclohexanol and cyc10pen -canol were con-
\ 

verted to the corresponding aikenes in about aO' yield. Snyder118 

'noted the s ame differ-ence be tween cyclohexyl ben zenes,ulphonate 
, 1 

and n-,octyl benzenesulphortate. These facts, plus, the unreac-

tivity of mesylat~ l!! toward,'DBN and DBU, maâe this general 

approach unsatisfactory. 

, i 

l' 
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. e. Synthesis' of Methyl-c2-(2a.,3a-dihy4roxy-O-isopropylidene-4S­

t-butyld~methyl~iloxymethyl-N-tarbQmethoxypyrrolydin-le-yl)~ 
. t i, . " 

malonate (282), acryl~te (163) and glyoxylate (184) 

... r 
/ 

OOr other option ~as to con~erf eater 169 to an Q-

, 
ketoester. Methyl estef 159 was reacted under a nitrogen at-

rnosphere with one equivalent of lithium di\sopropylamide ln 
t . . 

" t 
, THF 168 at _78 0

• This was aI~owed toi wa rm up to - 30 0 , ~ and, anhy.-
• • 1 

drous carbon dioxide was bubbled through the solution contain-
. 

, ing the enolate. The resulting malonie acid 162 was not isolated; 
, 

the crude,product was reaeted directly with aqueous formaldehyde 
, / 

and diethylamine, followed by ~urther he~ting with sodium a~etate 
4 

and 'glacial acetic acid. The a-methylene methyl ester 183 was ' 

iso,lated by silica gel chromatography as a clear, eolorless oil 
1 

.J f 

in ~er 80\ yield based on ester 159. The p.m.r. spectrurn of 

. " 
.. 

~ 
~ 

? 

~/OCHs 

-y COOCH, 

RCOOH 

(182) (18$) 

\ 

.. 



,. 1 

the product displayed two weIl separaied olefinid multiplets 

at ô 6.10 and 5.70 p.p.m., two carbomethoxy methyls at 3.72 ',.. . .' 
and 3.60 as weIl as gem-dimethyl' singlets. at:l.4~ ~nd 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 weaker olefinic 

The conversion from satur'a!ed methyl est;r ,ta a-meth­

y1ene ester 163 warrants close scrutiny, since the stereochem-

istry of the unsaturated ester will also be that of the a-keto-
o 

\ 

e~ter and thus of aIl nucleoside analogues derivèd from the 

latter, by condensation. The~ important aspect of this sequence 
, 

is that there is the possibility of destroying the 'anomeric'· 

puri ty of the C-l posi tion of the aiaribofUr~nOSYl' ring. ThQ.t 

is, the intermediate enolate lithium salt lS9a can'exist not 

only in the common form i, but there is the possibility that 

ring opening to ii may occur. Consequent ring reclosure could 

produce a mixture of anomers or, indeed J ,only the reve1Zsed ex 
-, -.. 

an'Omer wherein the -CHCOOMe branch is ais 'to the is-o,propylidene . . 
group but tl'ans to the bulky si1y1 e-ther. The fact that the sol-

ution containing the enolate was never war~eù above -30 0 minimizes 

i ~hi1e it is not str,ictly correct to denote the.A:-l position here 
as anomeric, it is convenient since it refers to ~he anomeric pos­
ition·of normal nucleosides. 

1 
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th~ possibi1ity of this occurring. Furthermore, in the p.m.r. 

; 

'1 

spectrum of the a-m~thy1ene ester ~t the difference in ch~rn­

..J ical shifts between the gem-dimethy1 sing1ets, was 0 .16 p.p.m'
I 

, 

(1 .,45 - 1.29), iden tica1 to. the difference noted for the sa t-
, 

urated ester 159 (1.46 - 1.30). We expect this differenee ta 

be near1y zero for the a-anomer of 163 (viz., the spectrum of -
the thio compound 136 on p~. 61a). Since the stereochernis try 

of ester· 159 is known, because it was derived by ring opening 
• 

of a saturated, bicyclic lactone ùnder mild conditions, the 

, ~ des'ired a-configuration at C-l is probably correct. The analysis of 

the p.rn.T. spectrum of the protected azacyclic showdornycin an-

.. 

, 
alogue CC~apter 4) will confirm this conclusion, 

Ozonolysis of the Methylene lilkage o~ 'l!! at ~78° in 

dry ethY1 acetate, Iollowed by Teductive work-up with ,dimethyl 
-

su1phide 119, afforded the eTude a-ketoester 164 (methyl-2-(2a,3a-
. . j---- . 

, . . 
dihydroxy-O-isopropylidene-4s-t-butyldimethy1siloxyrnethyl-N-car-

cométhoxypyrrolidin-la-yl)-glYoxylate). Bo~h the i.r. and p.rn.r. 

spe~tra showed ~he complete disappearance of the terminal a1kene 
, 

structure, However;·tWo.pairs of gem-dimethy1 singlets were noted . , 

in the p.m.r
l
, spect.rum in an approximate 2:1 ratio, indicating 
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(163) X -CH
2 

(164) x-o 

',,/ , 

\ 

'" , \ 

that the desired product eonstitÙted, at best,· no more than . 
two-thirds of the total mixture. Unfortunately, 164 could not 

~ -- J 
~ 

be pUTified by eonventional methods: it would not erystalliz'e 

out of the mixture] of produets, and i t proved to' be uns table 
1 ~ 

towards ehromatographic'sep~ations, like severai other very' 

elosely relatéd ribofuranosyl ~-ketoesters ~5,179. The' quality 

of 

" 

. of the erude product ~as not improved when other solvents were 

used for the ozonolysis'. When a small amount of, starting mater-
/ ' 

ial ~as ozonized in d~ methylene ehloride, virtually identical 
1 

speetra were obtained, whereas when ,dry Methanol was utilized, , -
.... 

broader peaks in the i,r. and p.rn.r. spectra eharacterized the 

mixture. Thus the erude produet obtained wi th ethyl aeeta'le as 

solvent had to ge used directly in the next step. 

, . 

.' ... ', , 

-, 
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. Chapter 4 

s 

( 

AZaC~AnalO ue f an cin, 

2-(2'a,3'a-Dihydroxy-4'e-hydroxymethyl-N-Càrbomethoxypxrrol­

idin-n a-yI) maleimide 

The crude a-ketoester mi~ture obtained by ozonolysis 

and reduction' of olefinic ester 163 was condensed direct,ly with 

carbamoylmethylenetriphenylthos~horahe45 in dry chloroform at 

ioom temperature: The crystalline azacyclic showdomycin ana-. . ' 

logu~ 165 was. isolated by preparative chro~atography on si1ica 

g~l ptates in 40% yie1d based on 163. Its structure was assigned, 

based on the fo11owing d~: its i.r. sp~ctrum (fig. 7), which 

clearly disp1ayed maleimide-type carbony1 absorptions at v 1787, 

17( 1722, 165'5 cm- 1 (C-O, C-C) extremely Simi1ar~thos'e- of 
• \ r 

" /OCH, 

+f~k6A' OOCH, 
H,l 

, . 
o~ 1 

(leS) 

f ï 

\ ,\ 

II>-

0'0 
X 

(16S) m.p. 88-89° 

~ 1 

" 
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1;\ 

citraconimide (3-methyl ma1eimide) 180 and of showdomycin itse1f 

(17.75,1725,1705,16'45 cm- 1
)180 • The on1y difference was the 

presence of a ~arbamate carbony1 peak at ~169S cm7 1 . The ma1e-
. -1 

imide N-H was further identified as a broad band at 3250 cm; 

(water in the ~Br pellet caused broadening). Its ultraviolet 

spectrum in abso1ute ethano1 disp1ayed a maxi,mum abs,orption at 
"--J , 

2~1 .3 nm (e 1800D, )og e: 4'.25) and a small inf1ection a t about 
>.\ , ) 

275 nm (e,lODD, log e: 3.0) almost identica1 to that of showdo-

mycin itse,lf, whi,ch s,howed a À at 222 nm (log e: 4.1) and a max 
shoulder at about 285 nm (log e: 2 .~)/in 9S~ ethano1 18 9 'r Citra-

conimide disp1ayed these absorptions a t 220 (log e: 3.84) and 

275 nm (log € 2.17). Microanalyticai data confirmed the empir­

ical formula, 'and the mass spectrum cIearIy showed'a peak at 

mie 425 (M+ CH 3) and typica1 silyl ether fragmentations at 

mie 383 (M+ - Me 3C) and 325 (M+ - Me3CCCH3)2Si). Fina11y, a 

thorough examination of the p.m.r. spectrum in deuteriochioro­

form (fig. 8) eonfirmed the stereoehemical assignments. A broad, 

exehangeable (D 20) one proton multiplet at 5 8.06 p.p.m. ~as 

assigned to the acidic imide N-!ia proton, and à triplet (J ~ 2 Hz) 

at 6.25 represented the ole finie proton ~ which was coupled 

to both the imide pr~ton and the tertiary p,roton H . Triacetyl 
-c 

showdomycin displayed simi1ar absorptions at 8.0 and 6.6 p.p.~. 

(J ~ 1.5 Hz) in deuteriochloroform 180 • Our vinyl proton absorp­

tion eol1apsed ta a sharp doublet upon addition of heavy water 

or u~ irradiation at ô 4.90. The latter indicated that,the 
1 

.. ~._- .. ----~-~ 

'1 
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multiplet centered at ô 4.90 was due to H . However, when. the , -c 
triplet due, to H\.. 'was irradiated, the multiplet due to H did 

-u -c 
'not col1apse to ~ doublet as expected, probably due to the fact 

that it appears very close te other peaks and hence may mask \' .e. , 
'\. 

absorption d~e to another proton. 

A comparison of our spectrurn with that of similarly 

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

our laboratorylSi, shows that the two sp'ctra are virtually 

superimposab~e, \~i th the sole e)C,ception of the extra N-carbo­

methoxy methyl resonance in fig. 8. The three proton multiplets 

between ô 4.5 and 4.9 p.p.m. in either cas~ represent the 

l'a,2'a and 3'a hydrogens, and the broad multiplet centered at 

about 4~-2 is due to the 4'a proton. The two proton multiplets 

Il 
, . 

at about 3.7 p.p.m. are caused-by the two C-S' protons (C~2-0-Si). 

The three proton singlet at ô 3.66 p.p.m. in fig. 8 is, of 
~ 

course, the ùrethane methyl absorption (R2NC~OC~3)' The two 

silyl ether singlets appear at exact1y the s~~e'position in 
'\ 

both sp~cira (0.9 and 0.07 p.p.m.), and the positions of the 

isopr~pylidène m~thY1S is ~nly slight1y different: ô 1.52 and, 

1.33 p.p.m. in fig. '8 vs. ô 1.58 and 1.36 in fig. 9. 

The' remarkab1e . s imi1ari ty between the two spectra in­

dicates that substitution of a protected nitrogen for the oxygen 
""" . atom of the ribbfuranosyl ring causes very little distortion of 
, .. 

the ring. Furthermore, the carbomethoxy group does not seem to 

interact substantial1y with the heterocyc1ic base.~ 

, " 
, ...... , 

t., 
., 

...• "_ ~.~ .......... _ •. t. ~ . ...li._ •• It.....Io1 •• 
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Confi~maticn:of the 'anomeric' configuration .of .our 

azacyclic D,L-ribofuranoside was also obtained frcm the p.m.r. 
J J' 

slPèctrum. Imbach et az,l82 have recent'IY studiedthe p.m.r. / 

spectra cf Many a and S-D-ribofurancsides whos~ alcoholic ~nc­

ticns at t~e 2' and 3' positions were;i)prctected with an" is:opro'-
r \' 

pylidene group. They repprted -that in a total of fifty!one cases 

the difference ~ô between the chemical shifts corresponding to 
" 

the two rnethyl groups of this 2,2-dimethyl dioxolanè system fell 

intc the follcwing limits: a: ancmers: ~ô SA .10 p.p .m'. (average 

value: 0.03); s- anomers: ~ô~0.18 p.p.m. (average value: 0.20) .. 
" 

. ,. 

1 t was concluded 182 that, 5 in ce the i,sopropylidene 

grcup ~ tigidly main tains the v conformation cr the ribofuranQsyl 
, 

ring, the diamagnetic anisctropy cf the base should influence 
t • 

the difference in chemical shift cf the me thyl groups. In the 
'. ~ 

case of the S anorner the base shculd no~ influence the iscpro-

() . pyli dene group much; however, in .. the a "case, the, base is close 

fi 
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to the dioxolane ring and hence should'1nfluence one of the .. . '. methyl gr~ups more t~an the othèr. Thus '~~decrease is noted 
.../ 

for A~ .. Thi s hypothesis is in accord\ wi th the fact tha t iso- ~ 

propylitlene methyl absorptions appear at higher field for a 
1 

anomers than for a anomers18~. 
Thus, if we disregard the relativ~ly minor stereo-

\ 

- chemical distortion imposed on the ribofuranosyl ring by sl1b-
-

stituting a nitrogen atom for the ring oxygen atom ~ a differ-
. • ence we\nev~rtheless hope may cause marked changes in biochem-

i~al or biological activity - the above data can be utilized 
~ 0 

here "for a configurational assignment. The differe,nce in chem-

ical 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); these 
-

, val ues defini tel y indica te tha t b oth compoundS ar e the a ano-
,1 

mers. 

The' azacyclic a~alogu,1 ~ of showdomycin was debloc.ked 

with 50\ aqueous trifluoroacetic acid~ affording the triol 167 
\ 

in 75% ~ield after purif~cation by p.l.c. However, thè prôduct 

~ 

(167) 
, ' 
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\ 
faiJed to erysta11ize f,rom severa1 mixtures of sol vents, inclu-

ding benzene-~cetone, ~ mixture which had been used suecêssfull~ 

by' MoffattltS with showdomycin itself. Theau.v. spectrum of lour 

p'rodu:Ot display~d la lIlaximUJ!l absorption in ethanol at zy . .7 nm, 

and a .Should~r at 278 nm. The carb\nYI abs?rption region of it~ 

i.r: spectrum was similar to that~ the protected analogue 16S, 

and a broad hydroxyl absorption was' present rat about 3390 cm- l 
" 

o 

Its mass spectrum d~spla)"ed peaks at mie 26~ (M+ - H20), 255 '(M+ 

CH 30) J 237 (M+ - CH30 - H20) , 220 CM·, 255 ~ 237), 20'5, 1~ 7, and 
o 

59. The p.m. r. speetnùn of 167 in acetone -d6 is ,shown in fig. 10 ~ 
[ ~ 

Unfortunately, due to the ~roximity of the absorptions, no [defin-
\ . / 

ite assignments eou1d be made, except for: the imide proton Ha 
, ' / .. , 

at about 9.5 p.p.m., ~he ol:efinic protop Hb at 6~6 p.p.m., and 
~ 

the urethane methyl absorption at 3.60 p.p.m. 

Biological testing of 'this c~mpound has not yet b,een 

undertaken, but since the p.m.r. spectrum of the blocked azacy-
, 

clic analogue 165 was "5'0 simi.1ar oto that of analogouslX blocked 
lDo 

showdomycin 16'6, it is possib,le' that our analo,gue may dlsptay ..., '\ 
, 

sorne aetivity, since there exists an intimate in~eleonnection , . 
between molecular structure, conform'ation, and the bio10gica1 . , 

activities of nueleosides. HO,wever, our triol 16'1 should pos-
• 0 ~ 

o 

sess mueh less freedom of rot~tio~ about the C-3" - C-'l' 'bona 
l, 

due to t~e presence of the N-carbomethoxy group. Thi~, increased 

, restriction, relative ta showdomycin, upon the ~nge of the tor-
, • ", 0, 1 

" 

sion angle May prevent the compound from ass,uming the Most desir- J 
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, 
able conformation for biologicàl interaction~. Aècordingly, it 

was dectded to try to remove the urethane protecting group, and 
"",' \ 

to compare the activity of 187 with that of the completely de-
l ' 

blocked compound 168. 

H 

a. Attempted Removal of the N-Carbomethoxy Group 

, 
The usual aqueous hydrolytic conditions commonly em-

ployed for the removal of N-carbethoxy groups (p. 58)'were much 

"tpo vigopous to be utilized succe'ssfully for the clean removal 

of the N-carbomethoxy group from many of our products. We re-. ~ 
quired a milder, more selective method of removing the urethane 

,G 

moiety and thus generating the free amine. '> 

1 

Although only lithium iodide in refluxing pyridine 183 

~-~--- , 

- had been reported to effectively 'cleave N-Càrbomethoxy urethanes. .. . -' ') 

and methyl esters, various other reagent5-had bee~eveloped for 

effe'cting cl'eavage of the alkyl oxygen bond of hindered methyl 

e,~ters by nucleophilic 'displaceme~t of the car~ylate anion from 

the methyl 'group. These included: lithium ,N-propyl mercaptide 181t , 

(' 

li t1i2!li 
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~ithium iodide in refluxing."pyridine, I Z,6-lutidene or 2',4,~-
~ , 

cOliidene 185 , lithium iocÙde in hot DMF 186 , potassium tert-' 

butoxide in warm DMSQ181 , lithium"iodid'e and.sodium cyanide 
;,f 

in DMF 188, and sodium cyanlde HMPT 189 . Furthermore, boron ha-

lides have been used for the cleavage of hindered methyl es-, 
-' - J ' 
ters 190 and of tert-butyloxycarbonyl and benzyloxycarbonyl . : 

amine protecting groups191J192. 

Our first "atteJ?pts to remoye the N-carbometho,xy group 

, from lactone 150 with lithium iodid~ in DMF lB6 or boron .tri-
1 

bromide in methylene chloride 192 led to intractable mixtures. 

1 
-\ ' 

l ' 

(250) 

'Since the methods described above are quite sp~cific 
<1 

·for the cleavage of methyl es'ters 189, i t was ~éided to form 
" the saturated, stable ethyl ester 169 from lactone, 150, and 

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

dinglY, lactone 150 was reacted'with sodium ethoxide in ethanol 

at _l~o, and the resulting alcohol was silylated. A simple chrom­

atographie separation on silica gel afforded the pure oily pro-
• 

,duct 169 in 85% yield, based on 150. The i.r. sp~ctrum of 169 

, 1 
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, '-1 
disp1ayed two carbony1 absorptions, at 1730 cm (ester) and 

, 1 

'at 1700 (urethane), ~nd aIl other spectral dâta'supported the 

proposed structure: 

/ 

(169) 

However, when this'saturate~ ester was reacted with 

potassium tert-butoxide in dimethylsulphoxide 187, extensive 
~ 

decomposition occurred, and very little free amine was re-

covered. Similarly, when it was' reacted with lithium i~dide 

in dimethy1formamide under an atmospner.e of nitrogen 187 , heating 
1 

for 2-3 hours did cleave the urethane ta a significant extent, 

but it a1so caused decomposition. -, . 
We have been unab1e ta etficiently remove the N~car-

.. ' , 
bomethoxy group from any of our cQmpounds, and as yet a reagent 

cap,able of cleaving simple N-carbalkoxy g~oups has not been re­

ported'in the literature. 
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/ 
b. Attempted Synthesis of an Azacyclic Analogue o( Pyrazofuriri A 

Malonie esters were known to undergo condensation with 
! ethyl d~azoacetate in the presence of sodium ethoxide, affording 

. 
,4-hydroxypyraz~les in fair yields 193 : 

0 1-) 

1 --+-
+ 

C-<OC2Hs 

'\ ~H-C OOC2Hs 
+ 

'EtOH 

1 

This approach seemed superior to the usual methods employed in 

our laboratory179 and elsewhere 194 • These methods ,involved con­, 
version of a-ketoe~ters to hydrazinoacetates or similar com-

'pounds, and subsequent cyclization to hydroxypyrazoles with ex-
1 

cess sodium methox~~ in very low Yiyld. 

Accordingly, th~ sequence of reaction§ leading to the 
, 

azacyclic analogue of showdomycin was modified ta produee a 

malonie ester derivative which might lead to an azacyclic ana-. 
lagu~ of pyrazomyein. The methyl ester 159 was\ eanvert~d to the 

A ' 1 

erude malonie aeid mixture, (162) as usual, and the latter was 

methylated with etheral diazamethape 195
• The malonie ester 1'10 

was obtained in 60-65% yield after ehromatography on silica gel, 

\ 

, 
, 

.. 

. /-:: ~ ~"' .-:-----:~-.' .~", , 
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based on ester 159. The infrared spectrum of the product dis­

played a ma10nic ester absorption at vc-o 1730'cm-1 , and a 

urethane band at vc-o 1700 cm-1 . Its mass speetrum eontained 
,~ 

"­
\ 

, . 

(162) R - H 

(170) R - CH 3 
1 

"\ peaks represen~ing 10ss ,Of CH 3 (mie 460), CH 30 (444), ,Me 3C ~ 

, (418) and Me 3C (MeZ) Si @l360) fra'gments, and i ts p.m. r. spee­

trum displayed three carbomethoxy singlets, centered at ~ 

"3:65 p.p.m. 

When Malonie ester 170 was reacted with ethy1'di­

azoacetate and sodium methoxide in Methanol at _ioO 193,196, 

no conversion to a 4-hydroxypyrazole oecurred. Substantial 
1 

decomposition of th~ startin~ material was noted. Uponl~e- ' 

peating this experiment at room temperature, almost complete 

decomposition of the malonic ester occurred. No tra~e of a 

heteroaromatic ring was found. 

,Thus it appears tha t, :whil e the anion of the mal-
I 

onic ester 170 was Most like1y ~asily generated by abstrac--
tion of proton Ha' it would' not react with e~hyl diazoaeetate. 

:1 

. ~ .. :.~~~~' .. \ i', . ..,_. rl~~._ ~.I" •. ~'~ '-1.1~j.~~~~t.~~:J~tl~:.~~ ~~l ~""1J~~~~'l-:.;:~i\~!~;,~,!,~.li.!.iJ:!bw~~.lL~h .. ~.:~r-~/ f'. ... • l!laWK] ;D •• . 1 
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This may be due to steric effects, or because the anion de­

,compos~s\ r.~dlY upon formation. 

~hile the preceding approach was not productive, . 
, it should be noted that Ohrui and Fox 59 utilized an anomeric 

'mixture of a similar C-glycosid'e Ci71) 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 6 product 172 was the one shown below: 

T 

(171) 

(171a) 

o 

o Na ,~_~HNANH 
°Xo 

(172) 

1 

! 
! 

. They "concluded that the isopro~yl idene gropp would favour the 

formation of the ~e thermodynamically stable ~ ('trans') i50-

mer in the equili~ium process and would prevent polymerization 

Ce.g. from 1?1~) by favouring the tetrahydrof~ran ring struc-' 
/ 

ture, 197. Apparently, this conclusion is not valid in the pre-

sent ~ase. ~ 

/ 

/ 

1 
1 

/ 
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c. Summary and Conclusion 

~: synthesis of an azacyclic analogue of ~howdomycin 
has been accomplished in eight steps from te1oidinone 119. Sho~n 

be10w is a schematic representation of the successfu1 synthesis; 

above each arrow is the optimum yie1d for the in~ividual con-
.ô-' 

version, and beneath the arrow (in brackets) is a cumulative 

yie1d, based on the dimethy1 acetal 124. 

(124) 

(131} 

(1S0) 

75% 
+­

(30%) 

~ 
(15%) 

v. 

" '-, 

(129) 

coaCH, 

~COOO\ 
0X? (159) 

, 
<> 

• 

.' , 
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\ 

(64) 

~ 

"" (5%) 

o 

HO OH 
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In'the course of the present work, severai important 

intermediates for the production pf azacyclic analogues of C­

nucleosides .have been synthesized. Especially important was the . ~ 

1 a-ketoester, 164, which was converted to an azacyclic analogue 

of showdomycin in two steps. The ketoester might also be conver-
1 

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

analogues of pyrazomycin 179, 191t and of pseudouridine 179 • A second 
, 

intermediate, the malonic &ster derivative 170, was also prod~ced, 

and it appears that this compound could be converted to a pseudo­

uridine analo~ue 59 qui te easily in a single step. 

We have shown that the N-carbomethoxy group is quite 

stable towards acids, bases, nucleophiles and electrophiles. 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 
Il 

the production of completely deblocked azacyclic C-nucleoside ana-
" li' 

logues, either a relatively mild, selective method of cleaving 

the N-carbomethoxy moiety should be developed,'or a 4ifferent 
/ 

amine protecting group must be ~tilized. 

.. 
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Contributions to Knowledge 

A multi-substituted pyrrolidine oontaining an a-keto-

ester substituent was synthesiz~d, from whioh an azacyclic ana-
r' 

logue of showdomyc~n was easi1y formed. This ketoe~ter was pro-
'. 

duced in good yield from a bioyclic system whose stereochemistry 

was precisely\defined. 

several other pyrro1idine inteF,mediates'which could 
( . "", 

be elaborated into other C-nucleoside analogues were also pre-

pared. Many new 7-azabicyclo(2.2.I)hept-2-enes and 8-azabicyclo­

{3.2.I)octanes were synthesized. 

/ 

" 
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Suggestions for Further Study 

Shouldthe azacyclic é-~oSide analogues display 

inttresting.biochemical or biological a~tjvity, further studies 

should be carried out in three general areas: (1) impr~vement 
1 

of th~ present synthetic scheme, (2) deve10pment of a comple-

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

, ,logues . 

(1) Modifications can be envisioned to improve the synthesis 

of an a-ketoester, for example. An ester of type 173 might 

be conveJ'ted to an a-hydroxy eS,ter with lithium diisopropyl­

amine and molybde,num peroxide (MéOs ,Py .HMPA) 198 • Subsequent 

mild oxidation with either DMSO-DCC~s or DMSO-acetic anhyd-
'" . ride 179. would effect conversion to an a-ketoes ter. In a s imi-

lar approach, an ester of type 173 may be converted in high . --
yield to its a-bromoester derivative ~l, and oxidation with DMSQ­

DCC 199 would then lead to the a-ketoester. These reactions 

might obviate the need for o~onolytic cleavage, and thus im­

pr?ve the overall yiefd of an a-keioester from a saturated ester. 
J 

, 

(173) 

------ '" - ',- :------_ .. -', -. ._---------_. . --
~ 1 ~:) f ~;;<'::. ~. ," _"'>'~ ,~~ 4 ... ;;'\:~ /;~~; < , 

~... ".:- ~ , ' .... 

'j 

\ .. 

" 

" " 
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( 

(2) On a different approach, an ester of type 173 cou1d be con-, 

verted to an amide 174 which cou1d then be reduceü se~ctively 

(BH3 oTHF) 200 to the amine 176. Oxidation of the latter with 
, , 

hydrogen percxide or an organic peracidowould afford the amine, 
~ 

oxide (Y - CH 2R2N .... 0) which cou1d be made to undergo a Cope 

eiimination 201, finally affording the" desired terminal olefin 
f/ 

.1.Z.i' Conversely, the me~hane,sulphonate ester of an a1'~oho1 ob-

tained from redU'ction of ester 1 'l3louid be, ~isplaced 1;Iy an 

amine, and the latter coyld underg a C?pe elimination. An even 

higher ov~ral1 yield might be obta1ned if that alcohol i5 con-
y 

verted tO.a hàlide, and the latter expulsed by an amine. These, 
1 

'ideas may be useful if ~,one desires the terminal 'olefin as a 

starting point for 1,3,cycloadditions. 

1 +èt-klj' y 1 H 
H 

., 11 ' 

0.><> 

(174) Y -,CH 2CONR2 
(1('6) Y - CH 2NRZ 

1 
a Another suggestion involves reacting the 1actone 150 

with one equiwalent of methyl lithi~m to produc,e the hemiketa1 

177. Elimination of water and ozono1ytic c1eavage of the '~e­

sulting olefin woul·d afford, upon reductive'work-up', the' a1de­

hyde-acetate 178 169
• This aldehyde may be a very useful,inter-

\1 

" 

-~- -~~:-," ---),'~t'''kr, '" ,,' ,' ..... IIII11{1,.. ~/, 
" ".~ ,,,,.l'-u,,...,~ f~ ,~ ......... ~ ~}~, ",~.-<..1.".!' 
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(3) The aldeliyde' used in the Robinson synthesis,can b~,easily 
\ 

modified t~ contain a tPanB-diol, an ep~xide or a singÎ,le al-' 
~ , \" 

coholic function 202 • These wotild eventually lead to azacycliç 
l , -

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

the 2'- or 3'-deoxy analogues. 
o 

AIso, 8-oxabicyclo(3.2.1)oct-6-en-3-one 179 an& the 

carboCYClic analogue li.2.. have been s~nthesized in low Yield 20 \ 

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

the diiron nonacarbonyl-catalyzed èycloaddition of Noyori e~ 

aZ 1~3. It would he interesting to try to hydroxylate these to 

eT.'.::'()iS 4i01s , and submit the pro~ected diols to the same re-, 

af)ion~ as i h . the .pre s en t w? r k. Lac toni z a t ion, ring opening 

aJf protection, and functionalization at the ~-position,~f 
the resul tfing ester would afford the a-ketoesters!)181 a~d !!!. 

The former has been synthesized in various way~ in our labor­

atory 17ta and elsewhe-re4~,4s, and the latter' has also been pre-
l 'J 0 

pared by Kim 179b. The octenones 179 and 180 shou14: undergo 
If' --

1 
l , , 

,{ . 

, 1 
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(179) x-o 
(180) x- CH 2 

\ , 

o 

(181) x-o 
(182) X-CH 2 
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" ' 

cat~lytic hydroxyl~tion much more smoothly than if a .nitr?gen 

bridge were present, since ,steric interference and oxidative 

side re~ctions are no longer" a problem. If the ketone moiety 
, ,'., , 

interferes with a c1ean reaction, it could readily be protec~ 

ted and 1ater'deprotected in -high yie1d. , 

/ 
1 

o· 

, , 
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EXPERIMENTAL SECTION 
( 

Solvents w~re reagent grade hnless otherwise s~eci­

fied. AlI evaporations wer~ done under reduced pressure (water 

aspirator) with a bath temperature of 25_45 0 unless other~ise 

noted. 

, 

Melting points were determined on a Gallenkamp block 

in open capillary tubes and are uneorrected. Mass spectra were 

obtained on an AEI-MS-902 mass spectrometer at 70 eV u.sing a 

direct insertion probe. Infrared (i.r.) spectra were qbtained 
-~ 

on a, Unicam SPIOOO and a Perkin-Elmer 257 spectrophotometer. 

,Ult~aviolet (u.v.) spectra were obtained On a Unicam,SP-800 

and a CARY 17 speetrophotometer. Proton magnetic resonanee 

(p.m.r.) spectra were recorded on a Varian T-60 instrument 
. 

using tetramethylsilane (TMS) ,as an internaI standard unless 

otherwise stated. C~emical shifts are given in the, ô scale in 

parts per million (p.p.m.) . Doublets ('d'), triplets ('t') and 

quartets ('q') were recorded at 

multiplets ('m'~as their range 0 

tians used: singlet ('s') 

centre of the peaks, and 

absorption; other abbrevia-

( 1 b ,) . 

Inalytical thin layer chromatography (t.l.e.) was per-
- - "'. formed on silica gel-eoated plates (Eastman Kodak or Machery-

Nagel polygram G) and on a preparative scale (p.l.c.) o~ si1ica 
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~ 

·gel (Merck UV 254 ,366) coate~ glass plates. Woelm a.lumina (neu-

tral) andJsilica gel were used for column chromatography. 

Elem~ntal analyses were performed by C. Daessle, 
r 

Montreal, and Heterocyclic Chemical corporatiop, Missouri., 

" 

/ 

, . 
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.,. EXPERIMENTAL - CHAPTER 2 

r ~ 

2,3-Dimethyl ezo-ci8-S,6-dihydroxy-O-isopropylidene~N-carbo-

methoxy-7 -azabic>;cIO( 2.2.1) -hept-2-ene-2,,:3-dicarboxylk te (91) 

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

AIder adduct 89 in 40 ml ethyl ether and 20 ml aeeto~e was 

added 3.0 ml of osmium tetroxlde solution (1 g Os04 in 200 ml 

purified tert-buti~dl)llOI and 2.0 ml 30\ hydroge~ peroxide. 

After stirring vigorously for 48 h at r.t., t.l.e. (silica gel. 

Methylene chloride) showed the total disappearance of starting 

material. The reaetion was quenched by addition of 20 ml 10\ f 

-sodium bisulpÀite, and this aqueous layer was baçk-extracted 

with ethyl aeetate (2 x 25 ml) . The eombined organic layers 

were dried (Na2S~4) and evaporated, leaving a yellow oil whieh 

was chromatographed on silica gel. Elution with ethyl ether -
1 

methylene chloride (1:1) afforded the erude diol as the most 

polar eomponent of the mixture. 

The erude diol was protected by reaetion with 20 ml 

dry acetone and 10 ml 2,2-dimethoxypropane, catalyzed by IO\mg 

p-toluenesulphonic acid monohydrate. Once the starting dio1 was 
1 

completely reacte.d by t.l. c., the sol ven ts were evapora ted off 
-l. 

and the residue was purified by chromatography on a silica gel 

column, elut,ing with Methylene chloride. The resulti'ng clear, 

cQlorless ail was obtaine~ in 23% yield, based on the adduct 
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... \ 

§.!; p.m.r; (CDC1 3) 51.33 (s, 3H), 1.43 '(s, 3H), 3.70 (s, 3H)" 
. 

3.83 (s, 6H), 4.54 (s, 2H), 5.00 p.p.m. (s, 2H); i .r. (film) 

1745 (urethane), 1730 and 1720 (ester), 1640 (C-C), 1390 and 
, -1 

1380 cm (gem-dimethyl); mass spectrum mIe 326 (M+ - CH 3) , 310 ' 

CM+ - C~30) . 

Anal. Calcd. for C15H19N08: C, 5Z.78; H, 5 .61 ; N, 
1 

4.10. Pound: C, 52.47; H, 5 .38 ; N, 4.18. 

2,3-Dimethyl-N-acetyl-7-azabicyc1o(2.2.l)-Z,S-heptadiene-Z,3-

dircarboxylate (92) 

and 

Dimethyl l-acetyl-2-pyrrolyl fumarate (93) 

N-acety1 pyrrole (2.20 g, 20 mmol) 121 dissolved in 

30 ml dry methylene ch10ride was added to a solution of 2.85 

g (ZO mmo1) dime,thyl acetylenedicarboxylate and 13.4 g (100 

mmol) anhydrous aluminum chloride in 170 ml methylene chloride. 

The mixture was stirred at 45~ for 90 min. then cooled in ice. 

Ice chips were added slowly to quenc\ the reaction. and the 

organic phase was washed with 100 ml water. Drying (N~ZS04) 
, 

and evaporation left a dark oil which was chromatographed on 

silica gel. Elution wi~h rnethylene chloride - benz~ne (1:1) 

afforded main~y the side product 93 in about 10\ yield; p.rn.r., . __ l 

(CDC1 3) ô 2.48 (s, 3!!a), 3.66 (s, 3~), 3.75 's, 3H), 6.27 
;-C , 

(s, H.l), 6.3Z (s, H), 6.93 (s, Hf)' '7.28 p.p.m. Ct, H , J= 
~ ~ - ~ 

) 2.5 Hz); i. r. (film) 3160 (pyrrole ring), 1735 (C-o' s), 1650 
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" 

-1 , 

(olefinic C-C) " 1640 cm (aromatic C-C) ; mass spectrum mIe 251 

CM+) " 220 CM+ - CH~) , 209 (M+ - CH 2-C-o) • 192 CM+ - CH 3COO) . 
/ .. 

-l" 

(93) 

Elution with,methylene chloride yielded the Die1s-
" 

" AIder adduct as a slightly yeilow ail, yield 3.3 g (65\); p.m.r. 
, ; 

(CDCI 3) ~ 1.95 (s, 3H), 3.84 (s, 3H), S.SS (m, IH), 5.72 (m, 1H), 
, 

7.10."p.p.m. (m,'2H); u.v. (95% EtOH) 4max 210 nm Cg 13000), shoul· 
,-

der 290 nm Cg 1200); i.r. (film) 173S Cdiester C-o), 1690 (amide 

C-o), 1648 cm-l (C-C); mass spect~um mIe 251 CM+), 225 (M+ -
l\-

I acetylen-e), 219, 209 (M+ - CH 2-C=-O), 196. 

Anal. Calcd. for Cl 2HI'3,NO S,: C, 57.37; H, 5.18. Found: 

C, 57.53; H, 5.27. 

2,3-Dimethyl e~o-aiB-5,6-diacetoxy-N-acetyl-7-azabicycloC2.2.1)-
, . 

hept-2-ene-2,3-dicarboxylate (9Sa) 

and 

3,4-Dicarbomethoxy-N-a~etyl-pyTrole (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-, 
r 

oxide solution and 1.5 ml of 30\ hydrogen peroxide. When aIl the 
-

starting materia1 had been consumed according to-t.l.c., the 
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reaction was~qUenChed with 20 ml of 10% sodium bisulphite. 
\ 

extraction of,\~e aqueous'phase with et~y1 acetate (2 x 25 

combination of aIl the organic layers, drying (Na 2S0 4) and 
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Back-

ml) , 

e'vap-

oration left a ye1low oil with a complex p.rn.r. spectrum. Passage 

through a silica gel co1urnn, eluting with methylene chloride [­

_acetone (9,: 1), afforded the rnàin sid~ pro~uct ~ as a ye1low solid 

in 20% yie1d. It was recrysta1lized frorn,ethy1 ether as white 
o 1 

crystals, m.p. 84 j'p.m.r. (CDC1 3) ô 2.57 (s, 3H), 3.80 (s, 6H), 

7.75 p.p.m. (s, 2H); i.r. (KBr) 3160 (pyrrole ring), 2980, 1765 
, -1 

(ester C-o), 1715 (amide C-o), 1575,1540 cm ; u.v. (95% EtOH) 

Àmax 214 nm Ce: 18000), shou1der 222 (e: 16000); shoulder'2S0 Ce: 

11000) ; mass spectrum mie' 225 (M+), 194 (M+ 

dicarbomethoxypyrro1e), 152, 122, 120. 

CH 30), 183 (3,4-

Anal. Ca1cd. for ClOH11 NOS: C, 53.33; H, 4.'92; N, 6.22. 
, 

Pound: C, 53.24; H, 4.77;\N, 6.01. 

Elution with rnethylene chloride - acetone (1 :1) afforded 

the crude dio1 ~ in 25% yield; p.rn.r. (CDC13) â 2.12 (s, 3H), 

3.82 (s, 6H), 4.05 (s, lH), 4.75 Cb.s, 2H, exch. with D20) , 4.84 

(m, lH), 5.23 p.p.m. (m, lH). 

The diol was ac~tylated overnight with pyridine and 

acetic anhydride, and the residue left upon evaporation of the 

solution was chromatographed on a silica gel column, e1uting 

w~th methylene chloride. The clear, co1orless, oily product was 

obtained in 20% yie1d based on 92. It slow1y crystallized, and 
o it was recrystal1ized from ethyl ether, m.p. 95-96 ; p.rn.T. (CDC1 3) 

'~ , 
" 
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. 
Ô 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), 174D 

(ester), 1685-1680 (amide), 1655 cm-1 (C-C); u.v. (95~ EtOH)' \hax 

220 nm CE 5000); mass spectrum mie 369 (M+), 338 CM+ -CH 30). 

Anal. Ca1cd. for C16H19NOg: C, 52.03; H, 5.19; N, 3.79. 

Found: C, 52.05; H, 5.06; N, 3.98. 

~,3-Dimethyl 6xo-ci~-5,6-dihydroxy-O-isopropy1idene-N-aeetyl-7-
1 

azabicyclo (2.2.1) -hept-2-ene-2, 3-dïcarboxylate (95b) 

The erude dio1 94 was also eonverted to the isoprapyl­

i'dene derivative by reaction with acetone, 2,2-dimethoxypropane, 

and a cata1ytie amount of p-to1uenesu1phonic acid monohydrate. 

The residue left by evaporating the solution to dryness was chrocl­

atographed on a silica gel column. Elution with methylene chloride 
1 

afforded the pure oily acetonide in 15% overa11 yield; p-.m.r.' 

(CDC~3) ~ 1.34 (s, 3H), 1.43 (s, 3H), 2.10 (s, 3H), 3.86 (s, 6HL 
li 

4.60 (s, 2H), 4.95 (d, IH, J-Z Hz), 5.44 p.p.m. (d, lH, J-2 Hz); 

i.r. (film) 1740-1735 (esters)', 1675 (amide), 1645 (C .... C), 1390 

and 1383 cm-1 (gem-dimethyl); mass spectrum mie 310 CM+ - CH 3) t 

196,194,193,152,100,85. C 

Anal. Ca1cd. for ClSH15N07: Ct 55.38; H, 5.89; Nt 4.31. 

Found: C, 5 5 .17; H, 5.68; N, 4. 22 • 

3-Phenacy1sulphonyl pyrrole (99) 

Phenacyl sulphonyl chloride 98 (2.19 g, 10 mmol) 133 

',_.---- ,', ',. ---=~~~~.* __ .",,7.r~r.r.r 
, " -" ,--,. -' .~- ." 
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disso1ved in 50 ml anhydro~s ethyl ether was added dropwise with 

stirring to a soluti~n of 0.67 g (10 mmol) freshly disti11ed 

pyrrole arid 1.5 g (15 mme1) triethylamine in 25 ml ether at _350 

(dry ice/acetone). After 1 h the reaction mixture was a110wed 

te warm up to r.t., th en stirred vigorous1y for 2 h. The pre­

cipitate was filtered off, and the filtrate was washed with dilute 
/ 

hydroch1oric acid (Z x 25 ml), 10% sodium bicarbonate (25 ml) and 

15 ml water. ~?e organic phase was dried (Na ZS04) and evaporated, 

and the yellow\reSidue was recrystallized irom chlorofo~m as 

white crysta1s,\ m.p. 134-134.50
; yield 15%; p.m.r. (acetone-d6) 

ô 4.88 (s, 2H), 6.18 (m, lH), 6.67 (m n 1H), 7.00 (m, lH), 7.3-

7.6 (b.m, 4H, 3 aromatic protons from pheny1 ring and 1H ~xchange-

ab1e,witij DzO), 7.75 (d, lH, Jl::!2 Hz), 7.91 p.p.m. (d, lH, Jl::!2 Hz); 
, 

i.r. (KBr) 3350 (pyrrole N-H) , 1685 (C-O) , 1605 (aromatic C-C), 
, -1 

1585 (aromatic C-C),' 1538 cm ; u.v. (95% EtOH) Àmax 248 nm (F.: ' 

16500), 211 CE: 16200); mas.,s spectrurn m/el,249 (M+), 185 (M+ - 5° 2), 

130 (C 4H4NSO Z)' 105 (C6H5CO). 

Anal. Calcd. for C12H1lN03S: 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) 126 was suspended in 

100 ml dry toluene, and to this was added a solution of 36 g (0.19 
\ 
mol) p-toluenesu1phony1 chloride in 100 ml toluène dropwise with 

vigorous stirring over a period of 30 min. The mixture was stirred' 
\ 

-,' 1 1 TR.HI ilF.llPll._ ":~--
~, "'~h~_~ _/ ~._ ,','"l~·",,-•• :~.;:.: \ ~ ... ~~ JI'_" , ' 

,~, ., 

" t 
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overnight, then filtered. The filtrate was evaporate~ to dry­

ness, 1eaving a dark solid which was recrystallized from meth­

ano1 as white crysta1s, m.p. 102-103 0 (lit 93 1030
), yie1d 23 g 

(55~). The p.m.r. spectrum was identical to that obtained in 

ref. 93. 

.' 2,3-Dimethyl N-(p-toluenesu1phony1)-7-azabicyclo(2.2.l)-2,S-

heptadiene-2,3-dicarboxylate (101) 

and 

Dimethyl 1- (p-tolueneS~lphonYl) - z;-.eyrrolrt}J,UIl<!IJge (102) 

A solution of 2.21 g (0.01 mol) N-(p-tosyl)-pyrrole 

100 in 10 ml dry methylene chloride was added to one'of 6.70 g 

(0.05 mol) anhydrous aluminum chloride and 1.42 g (0.01 mol) 

dimethyl acetylenedicarbo~y1ate in 90 ml Methylene chloride 

dropw~se with stirring. After stirring at 40 0 for 90 min, ice 

was added and th~ organic layer was washed with 50 ml water. 

Drying (Na 2S04) and evaporation left a ye110w sOlid, m.p. f28-
1 

1320 (lit 93 1460 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.~y failed, 

as did aIl fractional crystallizations; complete separation 

cou1d only be, accomplished by preparative t.l.c. on si1ica gel, 

eluting with ch10roform - benzene (1:1), The m.p., p.m.r., and ~ 

u.v. of the Diels-Alder ~dduct were identical to those obtained 

by Prinzbach 93
; Lr. (KBr) 1750 and 1735 and 1720 (C-O's), 1648 

Il 

• i / 

.t. 11I11 •• ~", 
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(C-C of unsaturated diester), 1605 cm-1 
mas~ spectrum mIe 363 

(M+), 337 CM+ - acety1ene), 221 (N-(p-tosy1) -pyrrole), 208, 

155, 91. 

The side product was recrysta11ized from carbon tetra-
A 

o ch1oride, m.p. 159-160; p.m.{. (CDC1 3) ô 2.48 (s, 3!!.a), 3.54 

(s, 3!!t,), 3.95 (s, 3t!c), 6.45 (m,,~, !:!e), 7.24 (s, !if)' 7.46 
1 ~ 

(X 2 ' 2H), 7.53 (b.s, H1.J, 7.93 p.p.m. (A 2 , 2H.); i.r. CKBr) -g ~j -1 

3160 (pyrrole ring), 1745-1730 (C-o's), 1655,1650,1600 cm-1 ; 

mass spectrum mie 363 CM+) J 304 (M+ - CH 3COO), 240 J 239 J 208. 

A~al. Calcd. for C17H17N06S: C, 56.20; H, 4.68; N, 

3.86. Found: ,C, 56.07; H, 4.61; N, 3.72. 

A simi1ar1y cata1yzed reaction using a threefold 

excess of a1uminum ch10ride produced the side product in high 
l' • yield; a sevenfo1d excess yielded roughly equal port1ons of 

addÙèt and side product. 

/ ./ 
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Z,3-Dimethyl exo-cis-5,6-dihydroxy-0-isopropylidene-N-(p­

toluenesulphonyl)-7-azabicyclo(Z.Z.1)-hept-Z-ene-Z,3-diearboxy­

late (108a) 

To a sol\ution of 1. O.g (2.74 rnrnol) of adduct la l in J 

30 ml anhydrous ether and ZO ml aeetone was added Z ml osmium 
) 

tetroxide 1 solution and 1 ml 30% hydrogen pero~ide. 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 beeame clear and yellow, and t.1.c. 

showed the complete disappearanee of starting material. The 

\ reaction was quenched with 20 ml 10% sodium bisulphite, and 
, 

this aqueou~ layer was baek-extracted with 25 ml ethy1 aeetate. 

The combined organic layers were dried (Na ZS0 4) and evapo~ated" 

1eaving an orange oil; p.m.r. (CDC1 3) ô 2.24 (s, 3H), 3.65 

, (s, 6H), 3.86 (s, 2H), 4.45 .Cb.s, 2H, exch. with DO), 4.68 
2 

(s, 2H), 7.10 (X 2' 2H)/, 7.50 p.p.m. (AZ' 2H); i,r. (film)~ 

3450 (O-H) , 1735 (C-O) , 1650 (C-C of unsaturated diester) , 1600 

cm- l (aromatic C-C) . 

The erude diol was 'dissol ved in 25 ml dry aC,etone, 

and 10 ml 2,2-dimethoxypropane and 10 mg p-toluenesu1phonic 

acid monohydrate was added. Once t.l.c. (si1ica,gel, ~ethy1ene 
~ 

chloride) showed complete conveTsion to the protected product 

having Rf-O.8, the' solution was evaporated to dryness, and the 
1 

solid residue was recrystallized from methylene chloride - ether, 
o m.p. 182.5 . The yield was 50% (0.5 g) based on 101; p.m.r. 
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(CDCI 3) d1.28 (s, 3H) , 1.47 (s, 3H) , 2.39 (s, 3H), 3. 7 2 (s, 
1 

6H), 4.42 (s, 2H) , 4.80 (s, 2H) , 7.25 (X2' 2H) , 7.67 p.p.m. 

(AZ' 2H) ; i . r. (KBr) 1735 and 1725 (C-o's),1645 (C-C of un-

saturated diester), 1603 (aromatic C-C), 1390 and 1380 cm-1 

(gem-dimethy1); u.v. '(95% EtOH)' À 227 nrn (E 17000); mass , max 
spectrurn mie 422 (M· - CH 3), 378 CM· - CH 3COO), 337' (3,4-di-

, 
carbomethoxy-N-(p-tosyl)-pyrro1e), 306. 

Anal. Calcd. for CZOH23N08S: C, 54.92; H, 5.30; N, 

3 . 20; S, 7. 32. F ound: C, 54.64; H, 5.03; N, 3.10; S, 7.51. 

-
Z,3-Dimethyl exo-ois-5,6-diaeetoxy-N-(p-toluenesulphonyl)-7-

j 

azabicyclo(2.2.l)-hept-2-ene-2,3-diqarboxylate (106b) 

The erude diol was e~nverted to t~e diaeetate with 

pyridine - acetie anhydride in the usual way. Al$o, the iso­

propylidene derivative l06a C97 mg, 0.22 mmol) was dissolved in 
1 

5 ml 50% aq. trifluroaeetie acid and stirred for 5 min, then 'the . ~ 

solution was evaporated to dryness, using benzene as chaser. The 

erude diol was eonverted to the same diaeetate in the usual way. 

Reerystallization of the product from ehloroform - ether afforded 
o 80 mg (70\) white crystals, m.p. 165-6 ; p.m.r. (CDC1 3) ô 2.12 

(s, 6H), 2.40 (s, 3H), 3.71 (s, 6H), 4.90 (s, 4H), 7.25 (X Z' 2H), 
1 

7.68 p.p.m. (A2;, 2H); i .r. (KBr) 1745 (aeetate), 1728 (C-O of 
i 

/ 
unsaturated diester) , 1652 (C-C of unsaturated die~ter), 1605 

cm-1 (aromatie C-C) ; mass speetrum mie 481 (M+), 450 (M+ -

,------ - --- ----------
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, 
~ 2, 4-Dihydroxy 2, 4-dicarbomethoxy exo -ais-6, 7-dihydroxy-0-iso-

propy1ideIfe-N- (p-tol uenesu1phony1) -3-ox~- 8-azab i cyeIC) C 3.2.1 1 ', s) - 1 

octane (10?a) 

Sodium metaperiodate (4.1 g, 19.0 ,mmo1) and ruthenium 

dioxide hydrate 120 (40 mg) were dissolved in 'a potassium di-, 
o 

hydrogen phosphate - sodium hy'droxid;e buffer solution (75 ml, 

pH 6), and to this was"added dropwise a solution of 2.07 g 
1 

(4.1S nunol) 0 f uns a tura te d die's ter lOBa in 7S ml aeetone. After 

2 h, another 500 m~ peri'odate was added, and after 4 h, a final 

400 mg was added.:After a total of 4.5 h, 10 ml is\opropanol was 

added, and the mixture was fi1tered through a bed of Kieselguhr. 

The solid was washed weIl" with ch1oroform, anld the eombined 

filtrates were evaporated to remov,e the organt\ solvents. The 
( 

rernaining aqueous solution was extracted wi th 3 x 100 ml chloro-

form. Dryin'g (Na 2S04) and evaporation left a solid which was 

r:crystallized from methylene ch10ride - carbon tetrachlori,de, 

rn.p. 2l3~2150; yield 1.2 g (55\); p.m.r. (CDC1 3) ô 1.03 1/(5, 3H), .' 

1.18 (s, 3H), 2.39 (s, 3H),~"74 (s, 6H), 4.24 (s, 2H), 4.50 ('5, 

2H, exch. with D20) , 4.72 (s., 2H), 7.23 (X2 , 2H), 7.78 p.p.m. 

CA 2 , 2H); i.r. (KEr) 3400.,and 3320 (O-H)" 1763, 1754, 1738, 

1607 (aromatic C-C), 1389 em- l ; u.v. (9Sj EtOH) À 2'33 nm CE \ max ;> 

16000); mass spectrum mie !72 (M+ - CH 3) , 4,57 (M+ - CH 2-0) , 454 

CM,+ - CH 3 - H20), 41,4. 

"Anal. Ca,lcd. for C20H23N010S: C, 51.17; .H, 4.94; N, 
'. 

~.98; S,I 6.83. Calcd. for CZoH2SNOnS: C, \49.28; H, 5.17; N, 2.87; 
, '- . 

. 
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S, 6.58. FOUIld: C, 49.79,49.66; H, 5.20,5.10; N, ,2.97; S, 6r61. 

2,4-Dihydroxy 4-carbomethoxy exo-cis-6,7-dihydroxy-O-isopro­

'py1 idene-N- Cp-toI uenesu1phony1) - 3-oxa-8 -azabicyc10 (".2.1 1'5) -

octane-2-carboxylate (109) 

t 

The hydra ted dies ter 107a (685 'mg, 1.40 -nuno1) was , 

dissal ved in 10 ml tetrahydro~uran, and to this was a'dded' SIO~lY 
15,.0 ml of O.ION sodium hydroxide. The J reaction was followed " , , 
by t.l.c. until the total diSappearance of starting material 

t 

(22 h). The tetra~ydrofuran was evaporated off under reduced 

pressure, and the resulting aqueous ,suspension was extracted 

with 10 ml' ethyl acetate ta remove impurities. It was then 

cooled in ice, acidified 'to pH 3.5 wi th 3% hydro,chloric acid 
, , 

and extracted with 15 ml ethyl acetate. Re-acidification and 

extraction was repeated three more times, and the combined 
, ~ 

organic extracts wer~dried (Na 2S04) and evaporated ta dryness.­
\ 

The oily residue soliflifled wQen triturated with methylene 

• 

L'O. . 
\, . 

chloride, and recryst~11ization from ethyl acetate - carbon tetra'-
: 0 

chloride af:torded' 400 mg (60\) 'of 1ight white powder, m.p. 186-
, ' 

189
0

:/p.m.r. (pyridine-d 5) ô 1.30 .. ~{s, 3H), 1.65 (s, 3H), 2.28 

(s, 3I:I), 3.60 (s, 3H), 4.67 (q, 2H), .5.35' (q, 2H), 7.15 (XZ,2H), 
, , , 

"", ~.m. (A2 , 2H) acid proton under solvent abs'orption; i.r . 

. "'-J(KBr) 3420' and 3340 (O-H) , 1765 ~,ster), 1750 (acid), 1395 and 

1385 cm- l (gem-dimethy1); mass ~pectrum.m/e 442 (M+ - CH 30) , 

439, 425, 410, 295. 
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Anal. Calcd. for CI9HZ3NOllS: C, ~48.20; H; 4.90; N, 

2.96. Found: C, 48.49; H, 5.03; N, 3.25. 

2-Methyl exo-ai8-5,6-dihydroxy-O-isopropylidene-N~(p-toluene-, 

sulphonyl)-7-azabicyclo(2.2.l)hept-2-ene-Z,3-diearboxylate (110) 

1 
The lIDsaturateddiester 108d (1.378 g, 3.16.mmol) was 

• • 
dissolved in 40 ml tetrahydrofuran, and to this was added slowly 

31.6ml of O.ION NaOH. The hydrolysis was followed by t.l.e., 

using siliea gel and methylene ehloride. After a short time, 

aIl the dies ter was eonsumed, and the tetrahydrofuran was evap­

orated off under redueed pressure. The resulting aqueous mixture 

was neutralized to pH 7 with 3~ hydroehlorie acid and extracted 

with Z5 ml ethyl acetate,to removè' neutral- impurities. It was 

thjn eooled in iee, aeidified to pH 3.5, and extraeted with 2~ 

ml ethyl aeetate. ,Th~", pH of the solution rose.; th us i t was 
\ 

cooled, re-acidified t? pH 3 and extraeted again. This procedure 

was repeated once more. The eombined organic ext'racts were 

dried (Na ZS04) and evaporated, leaving a yellow oil. The product 

eould be crystallized from either ethyl ether or chloroform -

carbon tetrachloride, m.p. 19Z-1930
; yield 900 mg (70%); p.m.r. 

" y 

(acetone-d6) ô 1.34 (s, 3H), 1.54 (s, 3H),- 2.49 (s, 3H), 3.94 
• 

(s, 3H), 4.63 (q, 2H), 4.92 (m, 2H), 6.34 (b.m, IH, position 

l, " varies with concentration), 7.54 (XZ' 2H), 7.80 p.p.m. (Az, 2H); 
, 

p.m.r. (CDC1 3) ô 1.28 (s, 3H), 1.52 (s, 3H), 2.42 (s, 3H), 3.96 

(s, 3H), 4.40 (s,2H), 4.95 (s, 2H), 7.29 (Xz, 2H), 7.65 (AZ' 2H), 

- ------------------------- -- -- - -,- ----:--· .............. IIiIjPM .. I, ..... fQliiit •• '*illIilIl .......... li .... · .... ,_· 
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9.1fJo.p.p.m. (b.m, lH, exch. with 0ZO); i,r. (KBr) 2800-2700 (acid), 
, 

1745 (ester C-O), 1695 (acid C-o), 1633 (C-C of unsaturated di-

ester), 1607 (aromatic C-C), 1392 and 1383 cm-1 (gem-dimethyl);' 

u.v. (acetonitrile) À 230 nm, shou1der 255; mass spectrum mie max 
1 

408 CM+ - CH 3), 306, 292. 

Anal. Ca1cd. for C19H2lN08~: C, 53.90; H, 5.00; 

S, 7.56. Found: C, 53.64; H, S(.06;D'N, 3.51; S, 7.47. 

N, 3.31; 
! 

2-Methy1 exo-ais-5,6-dihydroxy-O-isopropy1idene-N-(p-to1uene-
, ' 

su1phony1)-7-azabicyc1o(2.2.1)heptane-2-endo-3-exo-dicarboxy1ate 

( 112) 

and 

2-Methy1 exo-ai8-S,6-dihYdrOXY-O-iSOprOPY1id~ne-J-(p~to1uene­
sulphonyl) -7 -azabicyc10 (2.2.1) heptane-2,J 3-endo -dicarboxy1a te (113) 

A solution of unsaturated acid ester 110 (690 mg, 1.63 
(\ , 

mmol) in 30 ml dry tetrahydrofuran was cooled to 00 in a dry 

3-neck 1Qq ml round-bottomed f1ask equipped with septum, stop­

cocks and mercury bubb1er and flushed with nitrogen. Barane -

tetrahydrofuran solution (1.65 ml, 1.OM) was added dropwise. The 

temperature was allowed to rise to r.t., and the solution was 

stirred l 'h. The reaction was quenched with water (5 ml) and 

evaporated ta dryness. Co-evaporation with methano1 (3'x 15 ml) 

left a semi-solid residue which was recrystal1ized from chloro-
" 

form '- carbon tetrachloride, affording 210 mg (30% yie1d) of the . 
() tl"ans-isomer 112 as a light white powder, m.p. 109-11.30

; p.rn.r. 

-------~---~~~ .. __ . "/ ----~-,------ . 
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(CDC1 3) ~ 1.11 Ch.s, 6H), 2.47 (s, 3H), 2.9~7 (d, lH, J:::6 Hz), 

3.85 (s, 3H),~3.93 (m, lH), 4.37 (s, 2H), 4.60 (m, 2H), 7.30 

(XZ' ZH), .7.85 (~Z' ZH), 9.35 p.p.m. (b.s, l~, exch. with DZO);' 

p.m.r. (pyridine-dS) ~ l.Z5 (s, 3H), 1.40 (s, 3H), 2.30 (s, 3H), 

3.S3 (d, lH, J=6 Hz), 3.84 (s,3H), 4.43 (t, lH, J=6 Hz), 4.84 

( q, 2 H), 5;: 0 6 ,( m , 2 H), 7.4 7 ( X 2' 2 H), 8. 30 P .,p . m . ( A 2' 2 H ), a cid 

proton under solvent absorption; i.r. ~KBr) 2~00-~0 (broad, 

acid) , 1755 (ester C-O), 1720 and 1105 (acid C-O) , 1610 cm-li 

mass spectrum mie 410 (M+ - CH 3) , 394. (M+ - CH 30), 270, 252. 1 

Anal. Ca1cd. for C19HZ3N08S: C, 53.64; H, 5.45; N, 3.Z9; 

S, 7. 5 4. F 0 un d: C , 5 3 . 38; H, 5 '.,31; N, 3. 16; S, 7. 61. 

Evaporation of t~e filtrate and addition of excess 

carbon tetrachloride yielded 450 mg (65\ yiead) of the ais-isomer 

113 as a white,powder, m.p. 57-61 0 . p.m.r. (acetone-d6) ~ ·1.18 . , 
(s,6H), 2.43 (s, 3H), 3.47 (m, 

\ l 
(m, 2H), 2H), 3.63 (s, 3H), 4.29 

4.70 (q, 2H) , 6.9 (b .m, lH) , 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-ais-S,6-dihydroxy-O-isopropylidene-N-(p-toluerie-
1 

sulphony1)-7-azabicyclo(2.2.1)heptàne-2-endo-3-exo-dicarboxylate 

(114) 

and. 

2,3-Dimethy1 exo-cis-5,6-dihydroxy-O~isopropy1idene-N-(p-toluene­

su1phony1)-7-azabicyclo(2.2.1)heptane-2,3-endo-dicarboxylate (115)_' 

, 
Methylation of the two acids was aècomp1ished by disso1v~ng 

in a 1:1' mixture of ethyl ether - tetrahydrofuran and adding 

.. 
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ethera1 di~zomethane (approximate1y 0.3M) dropwise until the 

yel10w co1our pers1~ted. Stirring 2 h at r.t. and evaporation 
': 

to dryness afforded quantitative rtetds of the diesters lilS 

c1ear, colorless oi1s. P.m.r,. of trans-diester 114 (CDC1 3) 5 

1.17 (b.s, 6H), 2.42 (s, 3H), 2.93 (d, lH" 3~6'Hz), 3.82 (s, 

6H), 3.7-4.6 (m's, 5H), 7.39 (X2, 2H), 7~.92 p.p.m. (A2, 2H); 

its p.m.r. spectrum.in pyridine-d5 disptayed sing1ets at 1.25 

and 1.37 (3H each, gem-dimethy1), a doublet. for the endo p~oton 

(3 ~ 6 Hz) at 3.40, a sing1et at 3.66 (endo-COOMe),. a singlet at 

3.8D- (exo-COOMe), and a triplet (3::::6 Hz) at 4.25 p.p.m. for 

the' exo proton. ' 

P.m.r. of ais-endo-diester (C~C13) ô 1.20 Cb.s, 6HJ, 

2.45 (s, 3H), 3.}6 (s, 6H), 3.76 (m, 2H), 4,.37 (m, 2H), 4.73 

(s, 2H), 7.36' (X 2 , 2H), 7.90 p.p.m. (AZ' 2H). 
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,EXPERIMENTAL - CHAPTER 3 

Cis-3,4-Dihydroxy-Z,S-dimethoxytetrahydrofuran (1~4) 
\ 

, -124-
. , 

To a solution of 34.0 g (0.26 mol) 2,S-dimethoxy-2,S-' 
.I!I 

dihydrofuran in 2S0 ml acetone ahd 450 ml water c90led in an 
. . / 

'lce-salt bath was added 481 g (0.33 mol) powdered potassium per-

manga~ate in severai lots with vigorous stirring. After the 

final addition, the suspension was stirred I h at 2-So. ~ating 

to SOofor 20 min, con~erted the colloidally dissolved manganese 

dioxide to a flocculent precipitate. This was removed by filtra­

tion through a bed of Ce1ite, and the precipitate was further 

washed with 100 ml acetone. The, combined'filtrates were evapo­

rated unqer reduced pressure, and the jesidue was triturated 
1 

with absolute ethano1. The resu1ting white solid was filtered 

off, and the filtrate was distillèd in vacuo. The product was 
• 

obtained as a viscous, color1ess 1iquid, b.p. 120-1300 (-2 mm); 
, 1 

yield 18.4 g (43%). Gagnaire and Vott~ro139 obtained a 45% 

. yield in a simi1ar procedure, and they reported the p.m.r.; i.r. 

(film) 3430 (OH), 2960,1140,1035, 1000 cm-l, 
" , 

After storage at r.t. for one day, the product was 

completely Cry~alline; m. p. S9 _62°/ (1 it 11+0 65-67°) 

Cis-3,4-Diacetoxy-2,S-dimethoxytetrahydrofuran, (12S) 

Diol l!! was acetylated with pyridine and acetic anhydride 
'\ 

,,1 ; 
,,'" , ~:: 'l'· : ~ 
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as usua1, and the erude product was purified by passage through 

a si1iea gel column eluting with benzene ether (10:1). The di­

acetate was obtained as a white s01id, m.p. 90-2°; p.m.r. 

(aeetone-d6) a,2.09 (~, 6H~, 

,p.p.m. tm, ;H); i.r. (CHC1~) 
trum mIe 218 CM+ - CH 20). 

3.46 (s,' 6H), 5.14 Cb.s, 2H), l.~4 
-1 1760, 1380, 1110 cm ; mass spec-

Anal. Ca1cd. fo~ ClOH1607: C, 48.38~ H, 6.50. Found: 

C, 48.60; H, 6.74. 

6S,7S-Dihydroxytropan-3-one (Teloidinone) (119) 

The hydro1ysis of acetal !!i (6.50 g, 39.6 mmol) was 

accomplished by warming to 50° with 40 ml IN hydrochloric acid 

for 30 min. The methanol formed was reJlloved' by dis til1ation 

under reduced pressure, and the resulting yellow, aqueous sol­

ution of meso-tartaric aldehyde was eooled and adju~ted to pH 

5 by addition of 9N sodium hydroxide. This solution was added 

to a buffer solution of 5S g citric aeid monohydrate and 537 

ml 1.ON sodium hydroxide. Then 17.1 g (109.6 mmol) acetonedi-
1 

carboxylic acid was dissolved in 7S ml' water, adjusted ta pH 5 

with SN sodium hydroxide, and added to the buffer solution. 
&, , 

Finally, 4.76 g (70.5 mmo1) methy1amine hydrochloride disso1ved 
\ 

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 two\ways: (a) the solution was saturated. 

<:) with potassium carbonate and extracted continuously with ether 
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for a minimum of four days. The crysta11ine te10idinone sep-

arated from the ether extract, and it was co11ec·ted daily. Con­

centration of the ether afforded a 1itt1e more product. The ,.. 
total yie1d was 3.0 g (44%), m.p. 183-50 with decomposition 

(lit 137 188-9 0 for the erude). (b) The solution was concentrated 

under reduced pressure ta 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 ethy1 acetate (lb x 

100 ml). The organic solvent was reeyc1ed and used to extract 

severaI reactions. The brown solid gbtained by evaporating off 

the ethyl acetate wa~ recrystaI1ized from ethano1, m.p. 186-20
; 

yié1d 45%; p.m.r. (DMSO-d6 , ext. TMS) ô 2.08 Cb.s, O.67H), 2.36 

Cb.s, 1.33H), 2.76 (s, 3H), 2.80 (m, 1.33H), 2.98 (m, 0.67H), 

.3.45 (m, 2H), 3.90 (s, 2H), 4.90 p.p.m. (b.m, 2H, exch. with 

D20.~; i. r. (KBr) 34901 and 3100 (O-H), 2980, 1725 (C-o), 1145, 

980, 760 cm-li mass spectrum mie 171 (M+), 111. 

6a,7a-Dihydroxy-O-isopropylidene-tropan-3-one (Te1oidinone 

acetonide) (129) 

To a suspension of 4.71 g '(27.5 mmol) te10idinone 119 

in 500 ml acetone was added 19,0 ml cone. hydroch1oric acid with 
, 

vigorous stirring. This mixture was stirred at r.t\ for 20 h, 

by which time itlhad become a clear, ye110w solution. It was 

th en neutralized by bubbling in anhydrous ammonia (to pH 8-9), 
'i 

and the resulting ammonium chloride filtered off. The precipitate 

-........,._. -_._---~ - --------------------> • ... , ... 4 ' 
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w·as "(ashed wi th another 100 m.l acetone, and the fil trates ,vere 

evaporated to dryness in vaauo. The ye110w solid residue was 
.) ° , recrysta11ized from petro1eum ether (60-80 ); th~ product was 

obtained as white needles, m.p. 84-860 (lit I .... 87-90°). The 
$ . 

• yie1d was 5.25 g C90~) in three crops; p.m.r. (CDC1 3) ô 1.34 
, 1 

(s, 3H), 1.55 (s, 3H), 2.06 (b.s, 0.67H), 2.34\ Cb,s, 1. 33H) , 

2.61 (d; 1. 33H) , 2.75 (s, 3H), 2.87 (d, 0.67H), 3.55 (m, 2H), 

4.4tl p.p .m. (s, 2H); i. r. (KBr) 3025, 2980, 2945, 1720 C C-o) , 

·1395 and 1390 (gem-dimethy1), 1220, 1080_, 1055, 873 cm-l'; mass 

spectrum mIe 211 (M·)., 196 CM+ - CH 3). 

6a,7a-Dihydroxy-O-isopropy1idene-N-carbethoxy tropan-3-one (130) 
• 1 

Fresh1y distilled ethyl ch10roformate (6.2 ml, 76.3 

mmol) was added to a solution of 805 mg (3.8 mmo1) of te10idinone 
", 

acetonide 129 in 
-\ 

lS ml dry t01uene. This solution was heated 

to gent le reflux for 30 h, then evaporated to dryness under 

reduced pressure. The solid residue was recrysta11ized from pet­

ro1eum ether (60-80°) - ether, affording an 85% yie1d of white 

crystals, m.p. 77-78°; p.m.r. (CDC1 3) ô 1.23 (s, 3H), 1.27 Ct, 

3H), 1.40 (s, 3H), 2.48 (b.m, 4H), 4.15 (q, 2H), 4.40 (s, 2H), 

4.46 p.p.m. (b.m, 2H); ~.r. (KBr) 1720 (keton~J, 1705 (urethane), 
? -1 / 1395 and 1385 cm (gem-dimethyl); mass spectrum mie 269 CM+) , 

CH 3), 169, 168. . 
Anal. Calcd. for C13H19NOS: C, 57.98; H, 7.11,; N, 5.20. 

o Found: C, 57.82; H, 7.09; N, 5.22. 

1 

/ 
1 

'1 

,\ 
, 
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r. 
6B,7B-Dihydroxy-O-isopropylidene-N-carbomethoxy tropan-3-one 

( 131) 

Freshly disti11ed methyl ch1oroformate (29.6 ml, 0.384 

mol) was added to a solution of 4.05 g (0.0192 mol) of teloidinone 
1 

acetonide 129 in 50 ml dry benzene. This solution was warmed 

to 60 0 and stirred for 20 h. Then the white precipitate (metho-

chloride. \ 134) was fil tered off, and the fil tra te was evapora ted 

to dryness. The white solid residue was recrystallized from 

anhydrous ether, m.p. 123-123.5°. Further crops were obtained 

by adding petroleum ether (30-60°) unti1 the solvent was a 1:1 

mixture. Total yield 3.6 gt (75%) in four crops; p.m.r. (CDC1 3) 

ô 1.30 (s, 3H), 1,.46 Çs, 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 4) 2980, 2950, 2890, 

1730 (C~O's), 1460, 1395 and 1385 cm-1 (gem-dimethy1); mass 

spectrum (150 0
) mie 255 (M+), 240 (M~ - CH 3), 155, 154 w 

Anal. Calcd. for C12H17N05: C, 56.46; H, 6.71; N, 5.49. 

F 0 un d : C, 56. 34; H, 6. ~ 6; N,S. 5 2 . 

Evaporation of the last fi1trate 1eft 275 mg (6.3%) 

unreacted starting materia1. 

68, 78-Dihydroxy-O-isopropylidene,-tropan-3-one methochloride (134) 

The side'product isolated above was quite pure, and it 

was obtained in 17\ yield (875 mg). An ana1ytica1 sample was pre­

pared by dissolving in methanol and adding anhydrous ether until 

-------~-"---' 

, ~... < - " 

1 
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partial reprecipitation had occurred, then cào1ing; m.p. 168-

1700 with charring; p.m.r. (D20) ô, 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(5, 

3H), 3.70 (b.m, 0.67H), 3.80 (s, 3H), 4.70 (d, 2H), 5.25 p.p.m. 
1 

(b.s, 2H); i. r. (KBr) 3120, 3025, 3005, 2950, 1730 (C-Q) , 1395 
-1 . 0 

(gem-dimethyl), 1215, 1160, 1065 cm ; mass spectrum (150 ) mie 

Regeneration ot Te10idinone Acetonide (1:9) from methochloride 134 
i 

The methoch1oride 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. The 
/' 

organic layer was dried (Na ZS0 4) and evaporated, leaving a brown 

semi-solid which was,chromatographed on a short alumina cOlumn" 

eluting with ether. The product was recovered as yellowi5h crys­

taIs, identical to teloidinore acetonide (129) by i.r. and t.l.c.; 

yield: 30 mg (14%). 

" fie, 7 e-Dihydroxy-O-isopropylidel'l.e-tropan-3-one methiodide (1351) 

\' 
Teloidinone acetonide 129 (86 mg, 0.42 mmol) was dissolved 

, 

in 10 ml dry benzene in a glass pressure bottle. Methyl iodide 
1 

(1 ml) was added, and the solution was heated to 800 'for 24 h. 

~I 

~ ~ ..... , .l1li11_ D, ... 
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The mixture was then co01ed, and the ye1lowish precipitate was , 

c011ected; yie1d 43 mgi m.p. 186-189° with charring. The p.m.r. 

spectrum of this methiodide in DZo-acetone-d
6 

was similar to 

that of methoch10ride 234; i.r. (KBr) 1750 cm-1 (C-o); the mass 
f 

spectrum (200°) was a1most exactly identical to that of 134, 

displaying a m01ecular ion at mie 225 (M+ - HI, Hoffman e1im­

ina tion) . 

, 
6a,7a-Dihydroxy-O-isopropy1idene-8-thiatropan-3-one (136) 

1 

Sodium su1phide hydrate (Na ZS.9H 20, 1.04 g, 4.3 mmol) 

was diss01ved in 15 ml ethanol - water (2:1), ~nd to this was 

added 378 mg (1'.44 mm01) methoch10ride 134 in 15 ml ethanol -

water (2:1). The solution was heated 30 min at 50°, then stirred 
r 

1 h at r.t. The ethanol was removed under reduced pressure, and 

the resu1ting aqueous mixture was extracted with methy1ene 
. 

ch10ride (3 x 15 ml). Drying (Na 2S04) and evaporation afforded 

ZOO mg of a ye110w s01id which consisted of à 6:1 mixture of 

8-thiatropan-3-~ne 136 and te10idinone acetonide 129 br p.m.r. 

Purification by chromatography on 20 x 20 cm silica gel plates, 

using ether -, hexanes (3:~ as the solvent system, afforded 

145 mg (47%) of a white powder, m.p. 114-115.50 . An ana1ytical 
1 

sample was obtained by recrystallization from petroleum ether 
o 0 ' 1 (60-80 ), m.p. 115.5-116.5; p.m.r. (CDC1 3) 61.35,1.37 (s., s, 

6 H), 2. 4 0 ( d , O. 4 H), 2. 6 9 ( d , l. 6,H), 2. 8 7 ( d , 1. 6 H), 3. 16 ( d , 
/ 

O.4H), 3.46 Cb.m, 2H), 4.88 p.p.m.'(q, 2H); i.r. (KBr) 3000, ./ 

\ 

7 m 
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'*' 
2940, 1120 (C-o), 1390 and~1383 cm- 1 (gem-dimethyl); mass spec-

( . \ 

trum (130~) mIe 214 (M+)_, 199 (M+ - CH 3) . 0 

Anal. Calcd. for ClOH1403S: C, 56.07; H, 6.59. Pound: 
~ 

C, 56.10; H, 6.53. 

66,76-Dia~etoxy-N-carbomethoxy tropan-3-one (140) 

~ 
and 

66 -Ace,toxy-76-t,ri fI uoroacetoxy-N-ca rbomethoxy t J:opan- 3-one (141) 

N"CArlao",eth.",y teloidinone acetonide 131 (255 mg, 1 mmol) was\ dissolved 

lin 5 ml 30 % trifl uoroacetic acid"~ water and hea ted, ta 55 0
• The 

reaction was càrried ,out in a 50 ml flask with no stopper, and 

it wàs followed by p.~.r. After 2 h another 0.5 ml trifluoro-

acetic acid was added, and heating was continued for 2 h more. 

By this time p.m.r. showe~ the almost complete disappeaTance 

of the isopropylidene group, 50 the solution was evaporated to 

dryness, using benzene as chaser. Acety1ation was,carried out 

with l ml pyridine and l ml acetic anhydride for 4 h at r.t. 
1 

The solution was then evaporàted te dryness ,and passed through 

a sma11 si1~ca gel co1umn, e1uting with methylene ch1oride. The 

eluate was evap~rated to near dryness, and exct,ss ethyl ethel' 

war adde~ to precipitate out the product. Th~ ~olid was cel1ected, 

and cooling the filtrate afforded a second crop; total yield 
o 175 mg, 60\; m.p. 157-159 ; p.rn.T. (CDC1 3) ô 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. (KBr) 1755-1745 (ac~tates), 1720~1710 cm-1 (urethane and 
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ketone); mass speçtrurn (150°) mIe 299 CM+~, 239 CM+ - C~3co6), 
197, 154. 

~ 

Anal. Ca1cd. for~C13H17N07: C, 52.17; H, 5.73; N, 4.68. 

F 0 un d: C, 5 2 . 0 3; H, 5. 5 1.>; N, 4. 7 3 . 
1 ~ 

When t'his same sequence of reactions was carried out 
o 

with an acid solution that was more than 60\ trifluoroacetic 

acid and heated above 70 0
, a large amount of 66-acetoxy-7S-tri­

fluoroacetoxy-N-carbomethoxy tropan-3-one (141) was obtained - ' 

mixed with the de~:re~ product; ~.m.r. (CDCl 3) ô~ 2.07 (~' 3H), 

2 .67 -Cb. m, 4H), 3.80 (s, 3H), 4.57 (b. m" 2H), 5.1 7 p. P . m. (q, 

2H); i .r. (CHC1 3) 1800 (trifluoroacetate), 1760 (acetate), 1720 

(urethane and ketone) ,\ 1460 cm-li mass spectrum (100°) mie 353 

CM+) , 334 CM+ - F), 322 CM+ - CH 30). 

2-Hydro~y 6S,7S-diacetoxy-N-carbomethoxy trôpan-3-one (142) 
<1 

Diacetate 140 (205 mg, 0.685 mmol) was dissolved in 

2 ml glacial acetic acid, and a solutron of thallium trinitrate 

trihydrate (400 mg, 0.9 mmol) in 1.3 ml acetic acid was added. 

Five drops of concentratea n!tric acid was then added, and the 

solution was stirred overni~ht at r.t. The solid was filtered 

off, and the filtrate was nèutralized with lOf sodium bicarbonate 
, 

and with solid sodium bicarbonate. The resulting mixture (approx. 

~5 ml) was al10wed to stand at r.t. overnight, then the pre~ipi­

tate was filtered off. The aqueous filtrate was extracted with 

3 x 30 ml Methylene chloride. Drying CMgS04) and evaporation 
\ 
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~ 
afforded a whi te foam. This 'was dissoi ved in carbon tetrach10ride 

and excess ethyl ether was added. On c091ing, 80 mg (38\ yield) 

of a white powde~ was recovered,um. p . 16D-161.S o ; p.m.r. (CDC1 3) 
, 

,ô 2.~6 (s, 3H)/2.1S .Cs, 3H), , 2.70 (m's, ~H),,3.88 ~s, 3H), 4.60 

(m, 1H), 4.82-5.63 p.p.m. (m's, 5H; IH ~t 5.4 moved downfie1d 

by CF 3COOH); i.r. (KBr) 1780 and 17,60 (acetates), 1720 and 1705 

, (urethane), 1650 cm~1 (a-hydroxy ketone); mass spectrum (155°) 

mie 315 (Mo+)" 314 CM+ - H)', 272 CM+ - H - CH 2CO), 235.7 éM*, 

314 .. 272), 212, 196" 184. 

Anal. Ca1cd. for C13H17N08: C, 49.52; H, 5.44; N, 4.44. 

F 0 un d : C; 49. 38; H, S. 21; N, 4. 49 . 

2 ,4-Difur'fury1idene-6B ~ 7B-dihydroxy-O-isopropY1idene 'tropan-3-one' , 

in 4 

, T~(oidinone acetonide 129 (422 mg. 2 mmol) was d~SSOl ved 

ml of 9f\ ethano1 and coo1ed in ice. A solution of BB mg 

(2.2 mmo1) sodium hydroxide in 1 ml water was added, fo11owed 
1 

by 3 .. solution of 200 mg (2.1 mmol) ~sh1y disti1led furfuralde1hyde 
. ...." 

in' 1 ml ethano1. A yellow precipita te wa'; soon form~. The mixture . 
was stirred 30 min, 5 ml water was added, and the precipitate 

was harvested. The brig\t'yel1ow product waS recrysta11ized from 

c~loroform - abso1ute et~anol as ye110w crystals in 50\ yield, 1 

2 8 2 0 . h ~h .• () 0 4 ( ) 66 m.p. 1 -2 1 Wl,t c arr~ng; p.m.r. CDCl 3 \ ô 1.3 s, 3H , 1. 
, • J/t 

(s, 3H);' 2.5'0 (s, 3H), 4.60, (s, 2H), 4.86 (s, 2H), 6.58 (q, 2H), 

o ,6 t 80 (d, '2ff) , 7.66 p.p.m. Cb.m,' 4H); Lr. (KBr) 3160, ~l20, 1675' 

\, 

, ' œ 

, 
" 

_1~ 

J' 
':' , 
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(ketone), 1615, i590, 1550, 1480 cm-1 ; mass spectru~ (200 0) m~e 

367 (M+), 352 CM+ - CH 3), 267,238. 

( 

2,4-Difurfurylidene-6a,7a-dihydroxy-O-isopropy1idene-N-carbomethoxy 

tropan-3-one (145) 
\ 

The, same conditions as on the previous page (for 144) were 
, l' 

emp10yed, affording a 4S~ yie1d of product,as yel10w crystals 

recrysta11ized from ch10roform - abs01ute e,thano1, m .. p. 198-20Zo \ 

with charring; p.m.r. (CDC1 3) ô 1.33 (s, 3H), 1.·53 (s, 3H), 3.70 

(s, 3H), 4.66 (s, .2H), S?96 (b.m, 2H), 6.'60 (q~ ZH), 6.86 (d, ~H), 

- 7.53 (b.s., 2H), 7.77 p.p.m. Cb.m, 2H); i.r. (KBr) 3150,1715 

(urethane), 1680' (ketone), 1620, 1585 J 1550 cm- 1 ; mass spectrum, 
D , 

(180
0

) ,mie 411 CM+) , 396 ,CM+. - CH 3), 353, 311, 252 . 
... 

Anal. Ca1cd; for C2ZHZ1N07: C, 

C, 63.97; H, 5.02; N, 3."26. 

64.22; H, 5.15; N, 3.40. 
~ 

, Found: 
, l 

"When th\s,react10n was repeated with a twofold excess 

of furfura1dehyde, an 81% yie1d of recrystallized product was 

obtained. 

6B l 7B- Dihx.droxy-O- isopropylideIie-tropan- 3';one morphol ine enamine 

Teloidinon,e acet~nide 129 (100 mg, 0 ~4 mInol) was 
\ . ; 

disso1ved in 10 ml dry benzene in a 50 ml 3-neck flask 

wi th a drying tube and two septums. This was cooled {n 
t 

e,quipped 

ice, and 

" 

1 
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, 
excess.morpholine (0.16 ml, 2 mmol) was added. Then 0.8 ml of a 

O.30M solution of titanium tetrachloride 162 in benzene was added, 

and the iee was allowed ta melt. The solution was stirred at 
1 

r. t .. overnight. The original1y yellow solution became coiorless, , , 

and a whit~ precipitate f~r.med. The soI id (morpholine hydro-
1 

chloride) was filtered off, and the filtrate was evaporated to 

dryness. The resulting semi-solid product was obtained in nearly 

quantitative yield. An analytieal sample was prepared by re­

crystallization from petroleum ether (60-80 0
), m.p. 100-101°, 

but this also caused subs tantial de compo,si tion of the product ~ 

probab1y due to water i~ the solvent. P.m.r. (CDC1 3) a 1.16 (~, 
.3H), 1.32 (s; 0.4H), 1.38 (s, 3H), 1.58 (S.l0.6H), 2:10-2.48 

Cbrm, IH), 2.26 (s, 3H, N-q±3), 2.64 (mJ/lH, C!!2-N-CH2)' 3.1~ 
(q, 2Hi C!i-!'l(CH 3)-CH), 3.52 (m, 4H, C!i2-0-C!!.2), 4.20 p.p.m. (m, 

3H, C-C-H and O-CH-CH-O); i.r. (K~r) 3070 (C-C-H), 16,20 em-1 
- - - 1 

(C-C); mas~ spectrùm (130 0
) mIe 280 CM+), 265 (M+ - CH 3), 221, 

179. 

Anal. Calcd. for C1SH24N203: C, 64.26; H, 8.63; N, 9.99. 

F 0 un d: C, 64. Il; H, 8: 4 8; N, 1 0 • 0 7 . 

6e,7a-Dihydroxy-O-isopropyliden~-N-carbomethoxy tropan-3-one 
\ 

morpholine enamine (147) 

and J 

1 ' 

6e,7a-Dihydroxy-O-isopropylidene-N-earbethoxy tropan-3-one mor-

. ).pholine enamine (148) 
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.. 
These were prepared in exactly th.e same way as 146, in 

75 add 95\ yield respectively. Both were oili, and both displayed 

a weak band about 3070 çm- l (~-C-H) in the i.r. spectra, as weIl 

as a band at 1710 (urethane) and at 1630 cm- l (C~C). Interestingly, 

both p. rn. r. spectta also displ a~ed _a broad singlet a tabou t 1.70 
l , 

p.p.m. integrating fqr 0.4H, and a broad singlet at 1.~ inte-

l grating for 0 :\6H, similar to the N-methyl compound 148. These 

absorptions are probably due to the a proton at C-4 . 

. 
7B,8S-Dihydroxy-O-isopropylidene-N-carbomethoxy 3-oxa-9-azabi-

cyclo(4.2 .1 1 ,6 )nonan-4-one (150) 

Ketone 131 (2.52 g, 9.9 mmol) was dissolved in 60 ml 

1,2-dichloroethane, and ta this was added 5.0 g (25 mmol) of 

85% m~chloroperbenzoic acid and 20 mg 2,4,6-tri(t-buty1)phenol. 

This mixture was heated to 55 0 and fo110wed by, gas l chromato-

graphy (Hewlett-Packard 700 Laboratory Chromatograph, SE-30 

U1traphase (10% w/w) with Chromosorb W support in 6' x 1/8" 

colurnn). Aft~ 22 h the starting material had disappeared, and 
.! 

the solution was cooled to _ISO for 30 ~in t~ prècipitate Out 

most ,of the m-chlorobenzoic acid~-The acid was filtered off, and 

" ----------the fi'ltrate was wa-shêd successively 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 

(MgS04) an~( o/vaporated off, leaving a pa.rtially solidified ail. 
'~ 

\This was dissolved in anhydrous ether and allow~d to crystallize 
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out at -ISo, m.p. 117-8°. M~re product W~ obtained by adding 

petro1eum ether (30-6ao) and coo1ing, total yield 1.6 g (60\); , 

' ___ p.rn.r. ~CDC13) ô 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 4) 3000, 2960, 1755 (lactone), 1725 (urethane), 1455, 1392 

and 1382 cm- 1 (gem-dimethyl); mass spectrum (150°) mie 271 (M+) , 

256 (M+ - CH 3), 240 (M+ - CH 30), 214 CM+ - CH 3 - CHZ-C-o), 179.0 

(M*, 256 .... 214), 142. 

Anal. Ca1cd. for C12H17N06: C, 53.13; H, 6.32; N, 5.16. 

F 0 un d : C , 5 3 . 2 9; H, 6. 41; N,S. Il . 

, 

3,4-D-Isopropylidene 2B-(21-hydroxyethyl)-Sa-hydroxymethy1-N~ 
, 

carbornethoxypyrro1idine-3a,4a-diol (156) 

The lactone 150 (184 mg, 0.68 mmo1) was dissolved in 

5 ml dry to1uene a~d syringed into a 2S ml 3-neck flask equipped 

with septum, stopcocks and mercury bubb1er. The apparatus,was 

f1us~ed with dry nitrogen and cooled to 0°. A soluti0n of di-
'> 

isobuty1a1uminum hydride (8 ml of a 0.175M sOlution) was addéd 

dropwise over 5 min with a syringe. The reaction was allowed 
o to proceed a.t 5 for 3 h. fI'hen 1 ml methano1 was added, followed 

by 0.5 ml' ethyl acetate. The mixture was fi1tered through a bed 

of Kieselguhr, and the fi1trate was evaporated to dryness. The 

resu1ting oi1 was chro~atograp~ed on si1ica gel, eluting with 

ethyl acetate - ethyl ether (1:1). The dio1 was recovered as a 

c1ear, co1or1ess oi1 in 30% yield; p.m.r. (CDC1 3) ô 1.26 (s, 3H), 
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1.41 (s, 3H), 1.80 (b.m, 2H, C!:!,2-CH2-0H), 3.60 (b.m, 4H), 3.68 

(s, 3H), 3.85-4.2 (b.m, 2H), 4.25-4.74 p.p.m. (m's, 2H, O-C!:!,-C!:!,-O); 

i.r. (film) 3470 (O-H) , 1700 cm-1 (urethane); mass spectrum (120°) 

mie 275 CM+), 260 (M+ - CH 3), 258 (M+ - HO), [244 CM+ -C~30), 

200 . 

3,4-0-Isopropylidene 2e-(2'-acetoxyethyl)-5a-acetoxymethyl-N­

carbomethoxypyrrolidine-3a,4a-dio1 (157) 

The diol 158 was acetylated overnignt with pyridine 

and acetiè anhydride, and work-up as usua1 afforded the diacetate 

as a c1ear, colorless oil which only partIy solidified after 

severa1 weeks; p.m.r. ~CDC13) ô 1.27 (s, 3H), 1.42 (s, 3H), 1.95 

(b-.m, 2H, C!:!.2-CH2-0Ac), 2.02 (s, 3H, COC!!3)' 2.05 (s, 3H, COC!!3), 

3.68 (s, 3H), 3.9-4.35 Cb.m, 6H), 4.63 p.p.m. Cq, 2H, O-C!:!,-C!:!,-Ol; 

i.r. (film) 1750 (acetates), 1710 cm- I (urethane); mass spectrum 

(120 0
) mie 344 CM+ - CH 3) ~ 300 CM+ - CH 3C'OO), 286 (M+ - CH 3COOCH 2)', 

272 (M+ - CH 3COOCH 2CH 2). 

1 

Methyl-2-C2a,3a-dihydroxy-O-isopropylidene-46-hydroxymethyl-N-

carbomethoxypyrrolidin-le-yl)-acetate (158) 

The 1,actone 150 (2.38 g, 8.8 mmo1) was dissolved in 

40 ml dry methano1 under an atmosphere of dry nitrogen, and to 
1 

this was added a solution of 223 mg~(9.7 mmol) sodium in 20 'ml--1 
'\ 

dry methanol. The resu1ting yellow sol~tion was aliowed to 

/ 

, _________ ------~,_-,------~",--,-.~,,----------------~----------__ ~_T1--.~q_ .• "., ••• l.swa .. n.W ••• lIl.,.W"" 
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, 
stand at r.t. for' 18 h, then cooled in ice and neutralized with 

SN hydrochloric acid. The resulting solution was evaporated to 

dryness, and the residue tri turated wi th methylene ehloride. 

The inorganic saI t was fil tered off and washed weIl, and the 

fif:rate was dried (MgS04) and ev~porated to dryness. The oily 

orange residue (~.4 g) was &uite pure by p.rn.r., and was used 
1 

• 
directly in the next step. f.m.r. (CDC1 3) ô 1.30 (s, 3H), 1.47 

Cs, 3H) , 2.71 (d, 2H, C!:!.2 COOM~) , 3.50 (b .m, 2H, exch. with D20), , 

3.70 (s , 6H, 2 x COOC!!3) , 3.70 (b .m, 2H), 3.92-4.85 p.p.m. (m' s, 

4H) ; i.r. ( film) 3480 (O-H), 1740-1710 (C~'s), 1460, 1390 cm-Ij 

, niass spectrum (1100) mie 303 CM+), 288 (M+ - CH
3
), 286 (M+ -OH), 

, 2 85 (M'" - H 20), 2 72 (M + - CH 30), 256, 240, 230. 

Methyl-2-(2a,3a-dihydroxy-O-isopropylidene-4B-t-buty1dimethyl-
, .r-,-~~ 

siloxymethy1-N-carbomethoxypyrrolidin-lS-yl)-acetate (159) ) 

The crude alcohol 158 (2,.4 g, 8 nunol) was disscnved in 
~ 

dry N,N-dimethylformamide (15 ml), and to,this was added 1.6 g . 
, , '1 

(10.5 mmol) tert-butyldimethy1silyl chloride 173 and 1.43 g 

(21 mmol) imidazole. This solution was stirred at r.t. oyer­

night, then evapor.ated to dryness in vaauo. The residue was 

1 parti tioned between methylene . chloride (35 ml) and wa ter (25 ml), 

~and the organic layer was further washed with water (3 x 20 ml), 

drit~d (MgS04) and evaporated. The erude silyl ether was' purified 

by passage through a short silica'gel colurnn, eluting with 

ethyl ether. The product was obtained as a slightly yellow oil, 

"t-, ----••. , - ,-- ----
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/ , 

yie1d 3.0 g (85t based on 1adtone 150); p.m.r. (CC1 4 , ext. TMS) 

ô 0.14 (s, 6H, dimethylsi1y1), 0.96 (s, 9H, tert-butylsilyl), . 
1.30 (s, 3H); 1.46 (s, 3H), 2.55 (m,. 2H, C!!2COOMe), 3.66 (s, 

6H, 2 x COOC!!3)' 3.68 (b.m, 2H), 3.77-4.66 p.p.m. (m's, 4H); 

i.r. (film) 2960, 1750 (ester), 1720 (urethane), 1460, 1390 cm- l ; 

mass spectrum (100°) mie 4'"02 CM+ - CH 3), 386 (M+ - CH
3
0), 360 

CM+ - CCH3)3C), 302,272,228. 

Anal. Calcd. for C19H35N07Si: C, S4.65; H, 8.4S; N, 

3.3S. Found: C, 54.52; H, 8.27; N, 3.38. 

" 

3,4-0-Isopropylidene 2B-(2'-hydroxyethyl)-SB-tert-buty1dimethy1-

s iloxymethy1-N.-ea rbome thoxypyrr01 idine-'3a, 4a-dio1 (160) 

1 

Ester 159 (526 mg, 1.26 mmo1) was dissolved in 10 ml 
1 

~ry tetrahydrofuran in a 50 ml 3-neek f1ask equipped with septum, 
1 ! 

stopcoeks and mercury bubbl~/r. The apPiaratus was flushed with 
,J 

nitrogen, eooled to 00 , and 4.2\ ml of a lM ~b$ane-THF .solution 

was added with a syringe. The iee was al10wed to rnelt, and the 

-'solution was allowed to stand at r.t. for 2 d. Then 1 mi meth-

anol was added, and the solution was evaporated to dry~ess. Co­

evaporation with Methanol (2 x lS ml) left an oily residue whieh 

was chrornatographed on si1ica gel. Elution w~th ethyl acetate -

methy1ene ehloride (1:5) recovered unreaeted ester, then e1ution 
" \ 

with a 1:1 mixture of the same solvents afforded 350 mg (70\ 

yie1d) of aleoholic product as a clear, eolorless ail; p.m.r. 

CCC1 4) ô 0.08 (s, 6H, dimethylsilyl), 0.91 (s, 9H, tert-buty1-

" ~'"~------'~-----:---------
-, 

" , 
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sily1), 1\.27 (s, 3H), 1.42 (s, 3H), 1.60 Cb.m, 2H, CH-C!:!,2- CH2), 

3.24-4.17 Cb.m's, 7H, 1H ~xch. with D20 at about 3.5),3.60 (s, 

3H), 4.24 Cb.d, 1H, C!:!.-O), ~.51 p.p.m. Cb.d, 1H, C!:!,-O); i.r. 

Cfi1m)~490 (O-H) , 1710 and 1695 (urethane), 1460,1390 cm- 1 ; 

mass spectrum (950) m(e 374 CM+ - CH 3) , 332 CM+ - Me 3C) , 300 

CM+ - Me 3C - CH
3
0IiL 274 (M+ - IMe3C(CH3)2Si)',' 271.0 CM·, 332 ... 

300) . 

t 
3 J 4-0- 1 sop-ropyl idene 2 a -C 2 ' -~e syIoxymethy1) -5 e -tert-bùtyIdi.J,nethYI­

siIoxymethyl-N-carbomethoxypyrrolidine-3~,4a-diol (161) 

o 

To a solution of 100 mg (0.457 mmo1) of alcoh61 160 

in 6 ml dry methy1ene chloride was added 2.35 ml of a 0.167M 

solution of triethylamine in dry 'dichloromethane. This solution 

was c~oled to _50 0 (dry, ice - acetone), and 0.92 ml> of a O. 32M 

solution of methanesu1phonyl ch10ride in methylene chlôride was 

added to it dropwise. The solution was allowed to warm up to 
1 

r.t., then stirred I h. It was then washed with 2 x 10 ml cold 
, 

water. The orRanic lay~r was dried/CMgS04) and evapora~ed, leaving 

the c1ear, colGrless mesy1ate in nearly quantitative yie1d; p.m.r. 
~ 

,(CC1 4) ~ 0.09 (s, 6H), 0.92 (s, 9H), 1.29 (s, 3H), 1.4! CS, 3H), 

" 1.97 Cb.m, 2H), 2.93 (s, 3H, OS02C!:!.3), 3.60 (b.m, ,ZH, C!!.20Si), 

/ ' 
3.62 (s, 3H), 3.7-4.6 p.p.m. (m's, 6H); i,r. Cfi1m) 1710 (ure-

thane), 1460, '1365 and 11S0 dm- l (mesy1ate); '~ass spectrum (130°) 

f'I' 

Anal. Calcd. for C19H37NSOSSi: C, 48.80; H, 7.97; N, 

3.00." Found: C, 4S.52; H, 7.81; N, 2.83: 
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Methyl-2-(2a,3a-dihydroxy-O-isopropy1idene-4B-t-butyldimethyl­

si10xy~ethy1-N-carbomethoxypyrro1idin-1a-yl)-acrylate (183) 
ft 

A three-neeked 50 ml flask equipped wi th, a septum, 
'\ 

stopcocks and a mercury bubbler was flushed wi th dry ni tFogen 
1 

and charged with 11.5 ml of a O.26M solution of lithium diiso-, 

propylamine in dry tetrahydrofuran 16 7 • This was cooled to _78 0 
-_/ 

in an acetone - dry ice bath, and a solution of 1.015 g (2.45 

mmol) of ester 159 in 15 ml tetrahydrofuran was added with a 

syringe over a three minute period. The f1ask was allowed to 

slowly warm up to ~25°, and then dry carbon'dioxide was bubbled , 

into the solution for 10 min via a syringe needle. The res~l-

ting yellow solution was neutralized to pH 6 with lO~ hydro­

chloric acid, 'and the pr~cipitated diisopropylamine hydrochlo­

ride was filtered off. The filtrate was evaporated to dryness, 

and the residue was vsed in the next reaction without further 

purification. 

The crude malonic acid was heated to 50 0 with 1.3 ml 
1 

(12.25 mmol) dieth'ilamine an~ :.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 0 f~r 20 min, then 
t, 

and lhe allowed to cool. Water (20 ml) was added, ~ aqueous mix-

ture was extracted wi th methylene chloride (3 x 25 ml). The 

o,rganic extracts wer~ dried (MgSO 4~ and evaporated, and the 

erude product was chromatographed on silica gel. Elution with 

C) ether - hexane (2: 1) afforded the product as a clear, colorless 
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ail in 80\ yield. An analytical samp1e was obtained by prep­

arative t.l.c. on a ZO x 20 cm silica gel plate using ether -. 
hexane (1:1) as the solvent system; p.m.r. (acetone~d6) ô 0.12 

(s~_ 6H), 0.92 (s, 9H), 1.29 (s, 3H), 1.45 (s, 3H),. 3./60 (s,' 3H), 

3 . 7 2 (s, 3H) ~ 3. 7 5 (b. m , 1 H), 3. 8 3 - 4 . 3 3 (m' s, 2 H), 4. 4 0 - 4 • 8 5 

(m's, 3H), 5.70 (m, 1H, C-C-!!), 6.10 p.p.m. (m, Hf, C-C-!:D; 

Il i.r. (film) 2975, 2950: 2875, 1735-1720 (C-O's), 1650 (C-C), 

1460, 1390 cm- 1 ; mass spectrum (130 0
) mie 414 CM· CH 3) ~ 398 

CM+ - CH 30) , 372 (M· - (CH 3) 3C)' 360. 

Anal. Calcd. for CZOH3SN07Si: C, S5 .92; H, 8.21\ N, 

3.26. Found: C, 55.65'; H, 8 . 44; N, 3.4 7 . 
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EXPERIMENTAL - CHAPTER 4 

2-(2 1 a,3'a-Dihydroxy-O-isopropylidene-4'a-t-butyldimethylsiloxy-
, ' 

methyl-N-c~rbomethoxypyrrolidin-Ila-yl)-maleimide (166) 

The olefin ester 163 (280 mg, 0.65 mmol) was disso1ved 

in 45 ml dry ethyl acetate and treated with ozone at _78°. Dry 

ni troge'n was ~ubb1ed through the solution to remove excess ozone, 

and dimethyl sulphide (0.1 ml, 1. 3 mmol) was added. The mixture 
" ~ .... 

was stirred for 30 min at _60°, then a1lowed to warm up to r.t. 

and stand 5 h. It was washed with 3 x 25 ml of saturated salt 

solution, dried (Na2S04) and evaporated to dryness. The residue 

"" (270 mg) displayed no olefinic absorption in the i.r. spectrum, 
c 

appeared impure by p.m.r. 

The erude produet was dissolved in la ml dry chloroform 
\ 

and 208 mg CO .65 mmol) of carb'amoylmethylenetriphenylphosphoranelt 5 

was added. The yellow solution was stirred for 3 h at r.t., th en 

evaporated to dryness. The oily residue was separated on 20 x 20 

em siliea gel plates using ether - hexane (3:1) as the solvent 

system, and 150 mg of a clear, colorless oil w~s- recovered. The 

ptoduct was crystallized from eth~ - hexane, m.p. 88-890 in 40% 

ovetal1 yie1d based on olefin ester l21..; -p.m.r. (CDC1 3) ô 0.07 

(s, 6H), 0.87 (s, 9H), 1.33 (s, 3H), 1.52 (s, 3H), 3.66 (s, 3H), 

3.72 I Cb.m, 2H), 4.22 (m, lH), 4.50-4.90 (m's, 3H), 6. 125 (t, IH, 
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Ci, C-C-H), 8.06 p.p.m. Cb.m, N-H); i.r. (KBr) 3250 (maleimide ~-H), 
2970, 2950, 2870, 1787, 1738, 1695 (urethane), 1655 (male imide, 

C-C), 1460, 1390 cm-r~; u.v. (EtOH) Àmax 221.3 nm (E 18000), 

shoulder ~275 nm (€ 1000); mass spectrum (170°) mie 425 (M+ -

CH 3) 1 383 CM+ (CH 3) 3C), 325 (M+ - (CH 3) 3C(CH 3) 28i) • 
1 \ 

Anal. Calcd. for CZOH32NZ07Si: C, 54.52; H, 7.32; N, 

6.36. Found: C, 54.54; H, 7.52; N, 6.5Q .• 

2- (2' a, 3' a.-Dihydroxy-4 ' a-hydroxymethy1-N -carbomethoxypyrrol-, 

idin-la-y1)-maleimide (16?) 
\ -

B10cked showdomy'cin analogue 166 (130 mg, 0.30 mmol) 

was dissolved in 3 ml of 50% aqueous trifluoroaceti~ acid. After 

standin~ at r.t. for 5 min, the solution was evaporated to dry­

ness~ Separation on a 20 x 20 cm silica gel plate, eluting with 
1 

ethyl acetate, afforded 70 mg (75%) 'of a c1ear color1ess 'oi1 

which would not crystallize; p.m.!. Cacet~ne-d6' e~ternal TMS) 

ô 3.15 'Cb.m, 2H), 3.60 (s, 3H), 3.65-4.80 Cb.m's, 71:1), ~.60 (d, 

IH), 9.5 p.p.m. Cb .m, IH); i. r • (film) 1780,1730-1700,1650 cm . 
-1 

, /CC - n, C - C) 1 3350 cm-1 (OH) ; mass spectrum (150°) mie 268 (M+ -
H20) , 255 CM+ CH 30) , 237 CM+ '- CH 30 - HZO} 1 220 CM·, 255 -+ 237} 1 

205, 117, 59. 
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\ 

E thyl- 2-( 20., 3a-dihydroxy-O-isop~opy1 idene-4B-t-buty1 ... dimethyl-. , 
siloxymethy1-N-carbomethoxypyrrolidin-Ia -yI) -acetate ll6'9), 

Lactone 150 (1.037 ~, 3.84 mmoi) was disso1ved in 35 

ml abso1ute ethanol and to this was added a solution of 9S mg 
1 

(4.2 mmol) 0 f' sodium in 25 ml ethanol. This was allowed to 
• . 0 

stand at -15 for 16 h, then neutra1i·zed with conc. hydrochlo-

ric acid'. The resulting salt was fi1tered off, and the filtrate 

was evaporated to dryness. The ye11ow, oi1y'residue was dis­

solved in S ml dimethy1formamide, an,d 700 mg tert-butyldimethyl­

silyl ch10ride and 620 mg,imidazolecwere added. This solution 

was a110wed to stand at r.t. overnight, then evaporated in 

vaauO'. The residue was partftioned between 3S ml methylene chlo-
if 
Il 

ride and 25 ml wa ter. The organic layer was further washed with 

2 x 20 ml wa ter ~ dried (Na 250 4) and evaporated to dryness. The 

residue was chroma tog,raphed ~h sil i'ca gel, e1u ting wi th ethy1 

ether. The product was roecovered as a .clear, ye110wish oil in 

85\ yield (1.4 gL; p.m.r. (CDC1 3) ô 0.09 ( s, 6H) , 0.91 {s, g.{) , 

1.2S ( t, 3H) , 1.30 (s, 3H), 1 .44 (S,. 3H) , 2.68 (b.m, 2H, CH 2~OOE t) ~ 
, ~ 

3.66 (s, 3H) , 3.7 (b.m~ 2H, CH 205i) , 4.10 (q, 2H), 3.9 -4.3 Cb .m, 

2H), 4.4-4.7 p.p.m. (m's, 2H, O-C[-C!!-O); i.r. (film) 1730 (es­

. ter) :" 1700 (urethane), 1440, 1370 cm-l ; mass spectrum (130°) 
( -

mIe 416 CM+ - CH3) , 400- (M~ - CH3"0), 386 (M+ 

CM··- (CH3)3C), 316,2&-6,228. 

Anq1. CB;1cd. f~.f' CZOH37N07Si:~, 55.66; H, 8.64; N, 3.24. 

pound: C, 55. 3~; H, 8.91; N. 3.42. 
\\ 
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Methyl-2-(2a,3a-dinydroxy-O-isopropylidene-4a-t-butyldi~ethXl­

siloxymethyl-N-carbQmethoxypyrrolidin-lB-yl)-malonat~ (170) 

• 1 'l. A three-ne ked 50
0
ml flask equipped with a septum, 

sto~eoeks t.Y' ,merc~ry bubblël""was flushed wf'th dry ni trogen 

,and ehar.ged with'12.5'ml of a O.44M solution, of li'tnium diiso­

propy1amine in tetrahydrofuran. This was. cooled to _780
, and 

a solution of 1.88 g (4.1 ~ol) of methyl ester 159 in 10 ml 
( , . . , 

tetrahydrofuran was add~d ,ith a syringe over a two minute per-
l ' 

iod. The flask was allowed to warm,up to _25°, and then dry 
, ~ 

carbon dioxide was bubbled into the sol~tion.for la min via a 

syringe needle. The' solution was'ne~tralized with conç. hydro­
\ 

ehlorie aeid, and' the resul ting saI t was fil tetted off. The fil-
" . 

trate was 'evaporated to dfyness', ?nd the residue was triturated 
1 

with 30 ml ethyl ether. Thè last traces of salt were filtered 

off, leaving an ether soiution of malonic acid'162.· 
--"-- JO 

To 15 m'l'ether was added 3 nit of 40% potassium hy­

droxide, and this was cobled to 5°. To this, w~th cooling and 
. . 

stirring, was addedQl.O g powd~red nitrosomethylurea19~ in smal1 

'porti~ns over 2 minutes. The ether layer was decfnted and added 
, ' 

" dropwise to the cooled' sOlu'tion-of erude malonie âe id li.! in 

\ 

. .( 

ether; After l,h at r.t., the solution was ev~porated to dryness~ . -
Chromatography on a silica 'ge1 co14mn, ~luting with ether - ~ex-

1 

âne (1:1), afforded the/p!oduct in 60% yiel~,based on ~ethyl 
t ~, '. 

ester 159. P.m.r'. spectrum (~I'lC13) ~~ 0.11 (s.' 6H), 0.9~ (s, 9H), 
, l 

1~30 (s~ 3H), 1.43 (s, 3H),,~3.60-3.70 (3 x s, 9H)" 3.7-4.3 ém's~\ , . 
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1.)1 4H), 4.3-4.7 p.p.m. (m's, 3H), ~.r. (film) 2920, 2$90, 2820, t. 

1730 (ma10nic ester), 17'00 (urethane), 1440, 1375 cm-l,; mass 
o , 

spectrum (16\)0) mIe 460 (~+ - ICH3) t 1 444 (~+'- CH
3
0),' 418 (M~ '_ 

, ~ 

Me 3C), 386 CM+ - Me 3C - MeOH), 360 CM+ - .Me
3

CCMe z) Si) , 356.5 , 

CM·, 418 .. 386), 228, ·189. 

Anal. Calcd. for CZIH37NOgSi: C, 53.03; H, 7.84; N, 

Z .95. F 0 und: C, 5 2 . 74; H, 8.05; N, Z. 9 8 • ' , 
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