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SynthEi!sis 

1 , ' 
1 

Unambiguous synt~eses of S-ca~bomethoxy-2-exo-3-endo­

di-tert-buty1dimethylsi1oxy-7-oxëd:>icyc10 [2.2.1] hept-S-ene 
1 • , 

and S-carbomethoxy-2-exo-3-endo~di-methoxymetby10xy-7-

oxabicyc10 [2.2.1) hept-S-ene, usefu1 intermedia~es for/the 
, ,. 

\ 
\ 

, 
" 

preparation of C-nucleoaide~, were devised. Theae inter.mediates 

w~ con~erted to a-keto ,sters, from which D,L-arabi~o 

'\ ePime~ ff showdomycin and pyrazofurin A were synthesized. 

2-~xo-acet6xY-5-C~rbomethOXy-7-0XabiCYC10 (2.2.1] hept-

5-ene was 'a1so transformed to the corresponding keto ester, 

D ~ lo; 2.' -de?xyshowdomyc in. Importa~ t which was converted to 
~ 1 .. ~ 

, ., 

~' 

int~rmediates for thé synthesis of C-nucleosides were ~repa~eà. 

, , 

" 

»" . . 
, ' . .. \ 

\ 
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Rêsumê 

( . 

La synthase de 14 S-carbom'tho~y-2-exo-3-endo-di-tert-
, ' 1 -' , ' ' 

butyldi,methylsiloxy-71oxabicyclo ,[ 2.2.1] . ~ep,tane-5 et de la 

, s~carbom'thOXY-2-exo7 -endO-di-m~thOXym'thY10XY-7-0XabiCYC10 

[2.2.1J hept!ne-s", inte~édiâires ,importants dans la 

pr'para'tion de C-nu lêosides 1 a êtê rêalizêe.. Ces intermédiaires 

~~~ êt~ transfo~êJ en a-cê~O esters, a pratir des quelles , 
• 

les êpimlres D ,L-ârabino de la' ·showdomycine et de la 

pyrazofurine A fure9t,synthetisês. 
" . 

La 2-exo-acêtPxy-5~çarbom'thoxy-7-oxapicyclo [2.2.1] 

,nept~ne-S aussi été transformée en cêto-ester, qui ensuite 

fut converti en 21-dêoxyshowdomycine~.De·ftO~;eux inte~êdiaires 
..., ,~~. _ ... T - " '. ~ , 

importants pour la syntpas~ ae C-nucl'osides ont êtA préparês. 

.. 1 
1 
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Introduction .. '. 
During the past decade, a great nùmber of nucleoside 

, componen~s of the nucleic apids have been isolated. The" 

_utility of analogues of the naturally occurring nucleic acids 

.components as biochemical tools and as'therapeutic agents 
. 

justifies expansion of .,..;the term "nucJ,.eoside" from' its otiginal 

'. 

definition which was concerned with the carbohydrate derivatives 

of purines and pyrimidines obta~ned by hydrolysis of the 
~ 

, nucleic acids. 'l'he term "nucleoside" includes all those compounc;ts 

of synthetic or natural origin which contain a heterocyclic 
'-." 

base linked, through nitrogen (~-nucleoside) or carbon 

(C-nucleoside) , . to the C-.l position. of a sugar~ number of 

impor~ant recenb reviews on the subject are available!,2,3 

A relatively new gro~p of natu~ally occurring nucleosides 

exhibiting important biological activities has been isolated 

recently. 'l'hey are the C-nucleoside antibiotics, formyèin (1), 
.. - ~ ." ~ ~ - , 

formycin B (2), showdo~cin (3)~ pyrazofur~n A (pyrazomycin A) 

(4), and'oxofo~yc~n B (5). Also belonging to ~his class of 

comID9unds is the most recently. isolated oxazinomycin (6) l' a 

,clO.;,w analogue' 'of pseudouridine:, (1) • AlI, exc~pt pseudouridine .. 
and oxofo~cin B, ,osses,fil a variety of antibiotic properties 

and Many .exhibit anticanc~r and antiviral activities. These 

biological properties, 

featu~ a C-C linkage 

tog~ther with thtir Unique structural/ 

between'the qeterocycle and the s~ 

l' 
.; 

,. 
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have elicited many efforts directed toward ~he sYnth~sis of . 

such compounds or analogues tbereof. Tneir biological, . 

. biochemicàl ,propert1e's and chemical aynthesès will be 
; . 

discussed~~ . , 

(1) (2) (;i> 
J . 

(J 

.... 
...... 

" 
• 

(~) (5) , (6) X-o . , 
(7) X-NB . 

,; 0 
1 

(1) Sio1051i~a1 ~d bioch~ical p~o~erti~8 of C-nucleosides 
$ .-

,,' 

'Sio1oqical activity ,of C-n~cleo8ides has been observed , ' 

in a.wide range of organisms. Aspects'on the chemistry and, 

bLochemistry of C-nucleosides have been re~iewed by 
. 

Suhadolnik! 

• 

~ 

1 
J 

, 1 
j , , 
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Showdomycin (3) is a ];»road' spectrum antibiot.ic., tt ia, 

active aqainst Ehrlieh ascites t~or cells~ It Lnhibits 

9roW'th, 'protein and DNA synthesis, and; the transport of suqar 
~ e • 0 

and amine aeids in Escheriehia coli~ It appears that· the 
• o ., • 

maleimide aglyeon moiety of showdomycin ts an active alkylating' 
J 

agent which is espècially active towards the sulfhydryl group 
~ . . -

of enzymes~ Due ta the, structural resemblance to uridine this 

antibiotic acts also a'! a uridine. antagonist r . 
Pyrazofurin'A (4) shows antiviral activity 'against ~hinqvirus, ... ... ,,~ . 

measles, herpes simplex, and vaccinia.viru~es in culture c~lls! 
. 

The observation of specifie reversal of its antiviral aet~vity 
-

by uridine a~d uridi~e m9noph~sphate points to pyrimidine 

biosynthetie pathways as a possible vulnéràb~e site of growth 
o 

.inhibi~ion. Uridine reversal of.pyrazofurin A activity suggests 
./ 

'} orotidylia aeid decarboxyllase inhibition as a probable mode of 

action~ 
• 

~ormycin (1), an .nalogue of- Adenosine,' inh~bits many 
. , 

aspects ~f pu~ine metabolism in chemotherapeutically sensitive 
, " 

,Ehrlich ascites tumor, cells including the leukaemia Ll2lQ and 

influenza A viruses!O \ ' 

"1 ~ b 1 • 

Formycin B (2), an inosine.anal&gue, is produeed trôm 
, "'" 

formycin by the action of Adenosine deaminase!l A9ricultura~ 

poten~ial aqain~t riee plant disease eaused by ~an~homas oryzae 
o 

has been noted!2. 

Another survey' dealinq'with C-nucleostde research includes .. ,1 

r, 
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a aisc~ssion of the relationshiP.be~weenon~oleO,id& oon~q~ation 

• • ~ J .. 1.. ~ ',t, • 

and bioloqical activ:Lties', by Ward and .Reich! 3 Due ',.ta th~··, '.; -. " ' . 

increased b6nd<J.ength of the C-C cjlycosidic\ l:inka\le in. - . 
C~hucleoside compared to the C-N bond ~n N-nucleos!de, the 

'oC , , 

rotational barrier about thisJlin~~qe is lower~d and the 
, 1 

C-nucleoside can assume ~he suitable conformation for interaction '" .. ' " 

. wi th the aeti ve si te. 

The ~lycosyl bond of C-nucleos!âes shows an inoreased 

stabi~ity towards chemical and enzymatlc ~tt,ck relative to . , . 
their N-nucleoside counterpar~s.~proto~ation on the oxyqen # 

or nitroqen ,atGnb of. N-nucleos'i'd-es leads' to C-N bon~ cleavàge, 

to give the free base and free su~ar!''+ Sinee C-nuëleoside. is 

more stable ~n this respect, it should exhibit~a prolonqed 

·acti'vity. 
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In spite of a great deal of efforts to develop antiviral 

agents of C-nucleoside, no medical usefu1ness has thus far 

been demonstrated for members of C-nucleoside class. The' 

preparation of additional C-nucleosides by synthesis or by 

modification of natura11y avai1ab1e materials, together with 

a detailed understanding of structure-activity relationships, 

will assist in the realization of"the therapeutic pote~tial 

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

-, 

relationships will suggest a general approach for the preparation 

of C-nucleoside antibiotics. 

(2) Syntheses of C-nucleosides " 

(a) Pseudouridine, oxazinomycin and related compounds 

Pseudouridine (7), 5-a-D-ribofuranosyl uraci1, was 

discovèred in 1951 as a nucleotide in an alkaline hydrolyzate 

of calf liver RNA!! Its structure was determined in 1959 16 

and the struc~ural assignment for it has been reviewed~7 The 

chemistry 18 and biochemistry 19 have been reviewed and its 

n.m.r.~o c.m.r.~l and mass 22 spectra have been reported in detail. 

Pseudouridine has been synthesized by a number of 

investiqators. In the first reported synthesis by Shapiro and 

Chambers~3 2,4-di~e~hoxy-5-1ithium-pyrimidine (8) was c~~densed 

with 2,3,S-tri-O-benzoyl-o-ribofuranosyl ch+or~de (9). After 

-- ,"-- ", 
f,,;"!.. '~ .. 

1 
! 
i 
! 

1 
i 
f 

i 
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f5 B'~ I~ + 
"8z 81 1 M. 

LI 

(8) (9) 

O· 

H~NH 
0 

+ 3èPh fi 
-+ + r Ph 

0 

(10) ( Il) (7) 

Sn ;5 I~ 

LI 

+, 
ACO

v 
(12 ) (13 ) 

removal of the protecting groups, the natura1 product w~s 

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

up to 18% hy éonden~at~on of 2,4-di-tert-but~x~-5-1ithio-
, H 

"-pyrimidine (10) with 2,4:3,S-di-0-benzilidene-aldehydo-O-

ribose (11)~~,2s Another syn~hesis involves tne reaction of 

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

O-isopropylidine-D-ribolactone (13). ~eduction and acid 

hydrolysis gave a 10% yield of pseudouridine~6 

Many related compounds have been synthesized and their 

", 

~t 

1 
1 

1 
j 
1 , 
; 

J 

1 

l , 

1 , 
h 
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properties studied. When the above pyrimidine (12) was allowed 

to react with the 2,3:4,5-di-O-isopropy1idene-a1dehydo 

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

following products (14,15,16,17) were obtained~7 

Ho--.----< Ho---,----< 

HO HO 

• 

(1.4 ) (15 ) (16) (17) 

A carbocyc1ic analogue of 2',3'-dideoxypseudouridine 

(20) has been.prepared by a multiste~ synthesis startinç from 

norborny1ene (18) ~nd proceeding via the key intèrrnediate, 

the 1actone (19)~8 

H 

(18) (19) (20) 

• 

i 

1 

1 
! 

; . , 
\ 

J 
.' 

l 
i 1 

, ' 

f. 
1j 
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In a series of papers, Bobek et al. published t~ 

syntheses of 6-azapseudouridine 29 and its ànalogue~O For 

exarnple, reductive ozonolysis of 2',3' ,S'-tri-O-acetyl-

8 

pseudouridine (21), fo11owed by treatment with thiosemicarbazide 

and cyclization, gave the 6-azathiouracil derivative (22). 

Methy1ation with methyl iodide and acid hydrolysis yielded 

6-azapseudouridine (23). 

""Ac HO 

(21) (22) , (23) 

Recent+~ the synthesis of pseudocytidine (28) was reported 

by David et al~~ Reaction of (24) with 2,4:3,S-di-O-benzylidene­

D-ribose (25) and hydrolysis with acetic ~cid produced (26) 

and (27). Treatment of the mixture with sodium nitrite and 

acetic aqid afforded pseudouridine (7) and its a-anomer, wh~le 

cyclization of the mixturé with lN hydrochloric acid yielded 

pseudocytidine. 

~
I-

~ N ., + 
;:,... 1 N.,-

LI 

HHI H 
Rf 
OH -+-
OH 
OH 
OH 

H 

. 
(24) (25) (26) R-OH" _ R t_H (28) 

(27) R-H, R' -OH 
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tox and co-workers!2 reported a synthesis of~pseudoiso-

cytidine (31) from the D-ribose de~ivative (29). The key 

intermediate, the 2-(D-ribOfuranosy1)-2-formylacetate derivative 

(30) (R-alky1, H), was èonverted to the sodium eno1ate (R-Na) 

which was treated with guanidine and sodium methoxide to afford 

(31) after remova1 of the pr9tecting groups. 

Tr HOR' 
COOR --. 

( 29) (30) 

) 1 

HO OH 

(31) 
Q 

o 

Oxazinomyein (6) was iso1ated by Sasaki et·al~3 It showed 

antitumor and antiviral activities. The synthesis of th~s 

co~pound has not been ;eport~d to date. The,synthesis of mQdel 

/ heterocycles (32,33), based on addition reaction of a ketone 

o 

to ch1orosu1fonyl isocyanate, was !eported by Rasmussen et al?" 

(32) R-Ph,.R 1 .aH3 
(33) ,RwCH3 , R' -Ph 

1 
/ 

J 
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(b) Showdornycin and related compounds 

11 

The C-glycosyl nucleoside antibiotic showdomycin (3) 
, 

was first isolated from Streptomyces showdoensis by Nishimura 

et al~5 Its structure was confirmed as 2-(S-ribofuranosyl) • 
m41eimide~6 Its n.m.r.~7 c.m.r.~l and mass S8 spectra have 

been reported. 

The first synthesis of.showdomycin has been briefly 

reported by Kalvoda et al~9 It involved, as the key intermediate, 

the keto ester (34) which was prepared via ozonolysis of 

1-(2,3,S-tri-O-acetyl-a-D-ribofuranosyl)-2,4,6-trimethoxybenzene. 

The keto ester was" condensed with carboethoxymethyl~netriphenyl­

phosphorane to give the maleate ester (35). Five additional 

9teps via the maleamide (36) were necessary to obtain showdomycin. 

Ac 

HI 
f 

(34) (35) (36) 

" 

Trumnlitz et al!O has demonstrated that the key 
. 

intermediate, the keto ester of, type (34), possesses great 

potential' for the synthesis of C-nucleosides. ~hey reported 

NHa 

COOH 

" 

a much simplified, two-step conversion of the keto ester into . 

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

.' 

. ' . 

. ~ . 

. . 
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O-benzy1-D~119-heptulosonat.e (37) w!th carbamoy1methylene~ 
"-i' 

tripheny1phosphorane (38) followed by debenzylati~n of -the 

resu1ting maleimide (39). 

. _C\\co1il\\'2, 
t'3S) 

"è'C\ '3"è .-... 

\ (39) 

SnO Oln ·Jt&t F~ 
(37) 

2 ~Oc 
'h OqlJ HN 

< (-fo) CH, ----. H 

, 
(41) 

They extended the above synthetic ro'ute for the prepara~io.n· 
\, 

of 3-methylshowdomycin ~) via the correspondi~9·reaction 

with l-carbamoylethy1i~enedimethy1phenylphosphorane (40)~1 

Cc) Pyrazofurin A and related compound~ 

1 
1 

The pyrazolic C-nucleoai.de pyrazofurin ,A, 3- (l' -13"9- .. ~, .. ,~l'l "' 

~ribofuranosyl)-4-hydroxypyraz~le-5-earboxami~e (4), waS 0 
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isolated from fermentation of a strain of Streptomyces 

candidus ~ 2 This orqan~sm has yielded a/second factor 1 which 

- was identified as the a-anomer, pyrazofurin B (42)~3 The c.m.r~~ 

and mas8~5 spectra of .pyrazofurin A have been reported. 

. \ 

V°", .. )=!ONH. 
'X\~ 

(42) 

The first synthesis of pyrazofurin A has been reported 

by Farkas et al~6' Condensation of the keto ester (34) with' 

I-benzylhydraz~noacetic acid gave the hydrazone (43). Five 

further steps yielded pyrazofurin A (4) in law yield. 

(34) , (43) 

'\ ..... 
", 

rCOOH . 
,....N-Bn ' 

..... 
(4) 

Bernado et a~~7 has d~séribed a new synthetic route whioh 

allowe4 the preparation of'b~th anomers <.,42). Reactio~ of'the 
"4 1.,\-. 

a-C-ribosyl' bt,omide (44) 'with diethy~ l,3"'aëétonedicarboxyla~e . " . 
afforded t;he diethyl ,éster (4S~ Diazotization 0(,(45) with 

~ . , 

'. l '" .. . 
~(_ '1 

. \ 
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p-toluenesu1fonyl azide followed by ·treatment with sodium 
J , 

ethoxide produced ~he' 4-hydroxypyrazole (46). Ammonolysis 

and hydrolysis completed the synthesis of (4) ana (42). 

Rove,' R~ __ ~OOEt. RÔv~tlCOOEt, 
"H -. . ....' ,,~ OOEt . -NH 

. . 
, \ 

" (44 ) (45) 
R=tOC6H 4 NO 2'~ 

(46) 

" , 
In recent years, the syrtthès~s of many pyrazolic and 

isoxazolic analogues of C-nucleoside have been'r~ported.' 

Moffatt a~d co-wo~ker~~8 repo~ted th~ synthesis of 4-(B-0-

ribofuranosyl) pyrazole. Condensation of the 4,5-anhydro~0-

allose (47) with the appropriate Ph9sph~rane gave the 
Q " ... • 

unsaturated ester (48) which upon treatment with diazomethane 
. , , ' 

underwent a 1,3-dipolar cycloaddition to give the pyrazoline . -' 
(49). Oehydrogenation' with chlor:Lne and ammonolysis gave~the, 

1 
pyrazole (50). 1 

(47) 
J 1 

" 

(48) 

1 

(49) 
,- i 

(50) 

-,-
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Just and Ramjeesinqh49~a1s0 descriQed the prepara~i9n' 
. . 

of the pyrazo1e (50) starting fro~ a non-carbohydrate .ource. 

Moffatt's qroup50 a1so reported the syntheses of 3-a-O-.. 
ribof~anosY1-1,2,4-oxadiazole (51) and 3~~-D-ribofuranosyl-

pyrazole (52). 
, . 

u-_of" .... HiCOCH~ 

.. 
(51) (52) 

. 
.;.~ 

Fox's qroup51 Teported the synthes~s of triazole and 

pyrazole C-nucleosides via 1,3-dipolar cycloaddition reactions 

on the triple bond of the C-g1ycosyl acety1ene (53). 1,3-

Dipolar addition of (53) with trtmethylsilyl azide and 

diazomethane followed by ammonolysis . . qave the triazole (54) 

and pyrazo1e (55) • 

" ~ 

H 
CONH. 

, .,,- (54) 

~- .' 
(53) H 

/ )-- (55) 
.< 

-~J. , - .'7,1 • .,-
"",.,'/ 111, 

", 
" 

\ .. , .... , 
.. ------__ .4. ........... , 

\ 

", ._--, 

'. 

't 
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Other workers have a1so uti1ized the C-g1ycosyl acety1enes .. 
ta prepare. 'siW1e triazo1e~ 2 pyrazo1e~ 3 and isoxazole 5

" 

C-nucleosides·~ia 1,3-dipolar cycloaddition reactions. 
. . 

In a series o_f recent papers, 'l'ronchet and co-workers 

have published synthetic a:pproa'ches to C-nuc1eosides in which 

1,3-dipolar cyc1oaddition of sugar derivatives such as (56) and~ 

(57) with acety1enes led to isoxazoles 55 and pyrazo1es S6 

respective1y and i~ which the int~~olecu1ar cycli~ation of 
• .... t.J"<1o " " 

(58) gave 3-a-D-erythrofuranosyl-l-p-nitrophenylpyra~ole~7 

NNH-@-NO. 

(56) (57)' (58) 

-
'l'hey have a1so prepared a variety of C-l' functiona1ized 

C~g~OSY~ deriv~tives, potential inte~ediates f~r the 

prepar~of C-nuc1eosides~8 In ~ further extension of the 
, 

above work, they prepared the 01efin suqars (59') by a Wit.tig 

reac~ion:' Treatment of -(59) with hydroXYlamine and hydroxyurea 
r 

gavé the amino-3-g1ycosyl-5-isoxazole (60) and amino-3-g1ycosy1-

, 5-isoxazole '(p61) res~ectively! 9 

1. 

• • 
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(6-0) 

(59) . 

(61) 

• 

Just's group60 has reported ancther key intermediate, 
. 

the hemiacetal (&2). Oxidation'wit~ 7011insl~e~gent or 

Fetizon's reagent gave- the lactbne (63) which was. condens~d 

with aminoquanidine. Hydrolysis with trifluoroacetic acid 

produced the triazole c-nuc1eoside (64) • 
( 

.. 
• 

H rÇf ~ --.. 

·X ~ 

(62) «(;3t- (fi4) 

. ' 
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A triazole homo-C- prepared Dy Gensler 

~-

et al!l via~ilar route. They prepared tlle lactone (66) in 

five steps from'the tetrachlorobicyclo compound (65). 

Condensation of {66) with, aminoguanidine and,hydrolysis(gave 

t!le 3-amino"'1,1' 2 , 4-triazole (61) • 
~ "' 

'y 
H 

'h CI .:.' ~I ... 
'il 

..,....,." ..... 
" 

" (6~) (66) (67) 

(d) Formycin and related compounds 

.,T! 

i 
Formycin (1) was isolated by Hori et al! 2 from ~the ,,'. 

• . .~ï 

cult.uré fi1trates of Norcardia interforma. Koyama and~ um~zawa6! 

~solated al second antibiotic, formycin B (2), from N. 

interforma.-The x-ray analysis~~ n.m.r. and U.V.~5 ·c.m.r.~6 
, '. «T, 0' 1 

'and mass ~ ~ spectra of ,fomycin and formy<?in B have .,peen 
b l 

repQrted. 
"', 

Acton et al~1 reported the synthes~s of formycin B via 
, , 

" 

1,3-dipolar addition o~ the diazosugar (68) to dimethyl 

acetyl~~dicarboxylate. ~bnolysis and treatment with hydrazine 

afforded the hydrazide (69) wbich w~s converted to the 

. , 

.... 
1 

\ ' 
1 

L 
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,1 • 

4-azido-3-carboxy pyraî'Qle '(70). 'After:a Curtius rearrangement 

and
o 

methylation, treatment,of (71) with formami~e an; 
~ , ,. . .. ! 

hydroqênation afforded 
'l' 

formycin B (2). 

0 
, . 

. ' .. 
~HNI 8n 0 8nO 

o _ 8nO - 8n 
-. -. 

. 

(~S) (69) (70) (71) 

l'," 

Farkas and Sorm68 synthesized oxofoJ:'l1\ycin B (5) .D'Y 

erartsfo-~1iiq~ the compo~d l{(iS) into tl\e azide (72)" followed 

by heatinq in tert-butanol ~d debenzylation'with sodium in 

liquid ammo..nia. 
, ' 

o ~-,HM • . ,8n 0 .-

8"nO' ln 

. 
(68) 

, , 

~, 1 

(72.).' . 
• 0 

.. , " 

(5) 

~ 
1 

.11 

.. 

1 

, 
1 
1 

~ 
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They a1so reported the synthesis of an analogue of 

oxoformycin B using the intermediate, (68). Conversion of (68) 
• ,. 

into the diester (73) and treatme'nt with hydraz..ine afforded 

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

debenzy1ation led to the oxoformycin analogue (75) ~8 

BnO OBI\ / 
1 

1 
• ,,(74) (7S ). (73) , 

~ 
Acton et a1~9 described the synthesis of the D-arabino 

epimer (79) of oxoformycin and its a-anorner. 2,3,'S-Tri-Q­

benzy1-D-arabino,furanosyl bromide q6) was converted to the 

I-diazo sugar (77). " Dipo1ar addition to d~ethylenedicarboxylate 

and selective ammonol~is afforded,the 4-ester-5-carboxarnide 
v 

(78). Hydrazino1ysi~, Curtiue raction, and debenzylation as 

described before yiélded S-D-arabino .epirner (79): 

Bn~' . an~'" 
. Br -+ HNa 

. lin ", 8n 

..<16') . (77) 

o 

~ 

an 
-.. 

(7B) (79) 

• 'u 
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:rffatt's ~roup'0 ~as reported the synthesis of 3'-deoxy-

and 2 -deoxyformycin by chemical modification of formycin. .,{~ 

The reaction of formycin with 2-acetoxy isobutyryl bromide gave 

both 2'-0-acetyl-3'-bromo-3'-deoxy-8-D-ribofuranosy1 (80) and 

3'~O-acetyl-2'-bromo~2'-deoxy-S-D-arabinofuranosyl nuc1e~Sides 

(82). Treatment with ammonia and catalytic hydrogeno1ysis of 

the appropriate compounds gave 2 '--deoxyformycin (83) and 3'­

deoxyformycin (81). 

o 

H 

-
(80 ) (81) 

H 

(l) 

, 
(82) (83) 

R-Me2 (OAc) CCO, 
; 

" 

e • . 

,~ 

1 
~ , 
~ , 
1 
( 

~ , 
; 
J 
~ 

1 
~ 
i 
~ 

1 

j 

, 1 
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In summary, the methods described above for the synthesis 

of C-nucleosides can be c1assified into three qeneral types 

as follows: 

(1) The conversion of sorne avai1able C-nucleosides to prepare 

new ones. 

(2) Direct condensation of suitably blocked sugar derivatives 
. 

. with appropriate heterocyclic ,bases. 

(3) The mu~tistep elaboration of the desired heterocycle from 

a C-glycosyl derivative ~unctionalized at the C-l' position. 

Since the third approach to date has been less explored 

and more versatile, this method was chosen, for the preparation 

of C-g1ycosyl nucleosides. In this thesis, approaches to the 

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

C-nucleosides showdomycin and pyra:zofurin A have been stud-ieël • 

" 

" 

;' 
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Synthasis of 5-carbomethoxy-2-exo-3-endo-di-tert-butyldimethyl­

siloxy-7-oxabicyc10 [2.2.1] hept-S-ene 

Considerable effort has baen made over the past several 

years to deve10p rational schemes for the synthesis of C-glycosyl 

nucleosides. A perhaps more versatile and successful approach ,... 

to date i~volves the multistep elqboration of the desired . 

heterocyclic system from a C-glycosyl derivative (84) 

functionali~ed at the C-l' substituent. Since thé carbon-carbon 

bond joining the sugar moiety and heterocycle ia a1ready 

present, this route permits the formation of anomerica11y pure 

C-9'lycoaides. 

~ ~ 
a, X • COC02CH3 lit a 
b, X • CHN2 

R R R 
Ct X • CHO 

(84; (85) d, X '. C!C-COOR 

As part of a programme,to synthe~~~~ C-nucleosides, we 
'~ . 
\. tli'4 

were interested in developinq a method to prepare arabinose 

derivatives (85). 

The synthesis of C-nucleoside requires intermediates of 

type (85) which is as yet not readily available. The olefin 

---_._-.--..... 

\ 
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ester (86) having the proper stereochemistry could be a ..­;:,,, 

precursor of such an intermediate, because oxidative cleavage 

of the double bond would result in the formation o~ the 

desired sugar bearing the proper functional group at the C·1' 

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

utilized inkseveral total syntheses in our laboratory. 

~;100CH' ~~H. Hy' OH 0 ,0 

-.. R 

RO R 

(86) (87) (88) 
/ 

This chapter details the preparation and.stereochemistry 

of the olefin ester (86). The rigid structure of the 7,:"oxa-

bicyc10 [2.2.1] heptyl skeleton will offer a log~cal starting 

point for the synthesis of such compounds • 

. The 7-oxabicyc1o [Z.2.11 heptyl system has been employed 
l ' ,r t 

in synthetic 71 and mechanjfstic 72 organ,ic chemistry as well as 

, applied chemistry?" The most st~aightfo~ard approach to the 

, construction of- the 7"oxabicyclo [.2.2 .1J hapt-S-ene framewOrk 
• , ( 1 1 

takes'advantage of·the Diels-Alder reaction ~etween furan and 

a suita:ble dienophile. Unfortunate1y, due to the' arom~tic 
, '. 

character of furan 111 and the', st ra in of the b~cyc~o system' 5, 

the cycloadducts,ara rather prone to unde~go rèverse Oials-
• n 

Aldèr reactions. Consequently orily with the use ~f, very réactive 
• ~ ~ 1. • 

f'" 
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dienophiles can rêspectable yield of product be ~ttained. 
, 

For' example, it was reported that five weeks are required to 
" 

obtain a 3~' yleld of 2-cyan9-7-oxabicyclo [2.2.1) hept-S-ene 

fro,m furan and acrylonitrile? 6 ;tikewise, the cycloadduct from 

furan and methyl acrylate la prOduced ln less than 20% yield 

after a month or more?' The following resûlts may therefore 

be of interest in connection with the chemistry of the intensively 

investigated norbornanés and norbornenes. 

Treatment of methyl B-nitroacryl~te78 (89) with an excess 

of furan at room temperature overnight gave i~ quantitative 

yield a mixture of the isomeric adductg~10 from which the endo­

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

adduct (96) as an oil. Exo-nitro/endo-nitro ratio of the adducts 

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

~
t OOCH, 

+ 4 3 . ' 

0 1 

~I -+ J 

1 .• 
, "coaCH. 

1 

(89) (90) (9:!.) 

Separation,of the adducts allowed for complete analysis 

of the n.m.r. spectra of the isomers. The 'C-2/protons in the 

endo- and exo-isomera showed consiâerable difference in 
l' 

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

" 

- ,. 

• j" 
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. -
endo-nitro adduct was observed as a doublet at 6 3.23 

(J2 , 3~~>HZ). The corr,esponding C-2 exo proton of the' exo-nitro 

adduct appeared as a multiplet at ~ 3.90. The large difference 

in chemical shift (0.67 ppm) is probably ,the result of a 

deshielding effect of the 7-oxygen or a difference in shielding 

effect of the olefinic bond?9'The C-5 and c-6 protons had 
.tI 

different chemical shifts in the endo-nitro adduct, and each 

proton was .observed as a quartet of an ABX system, while the 

C-5 and C-6 protons in the exo-nitro adduct showed a'broad 

sinqlet. Chemical shifts and couplinq con~tants are given in 

experimental part. 

Since the endo/exo ratip in Diels-Alder reaction often 

depends on the reaction conditions, we èxaminéd the equilibration 

of the 2-carbomethoxy-3-nitro-7-oxabicyclo [2.2 .. 1] hèpt...lS-ene,': 

in order to gain sorne insight into the distribution of productst 
" 

*The mi~ture of furan and methyl a-nitroacrylate was se~led in -
. \ 

an n.m.r. tube and maintained at 45° by(means of water bath. 

The C-3 .proton of the exo-nitro isomer and C-2 pro~on o~ the 
- , 

endo-ni~rq isomèr Wère monitored. A one-proton qoublet at' ô 

3.23 (J-2 Hz) appeared first and increased in intensity while 

a second resonance at ô 4.82 (d, J=2 Hz) appeared at a slo~er 

rate. After 8 hr the ~ 3.23 resonance reached a maximum and 

started to decrease, whereas the ô 4.82 resonance cont~nued 
, 

, 

,.. 

ta increase. Af-ter approximately' 4 days t.he relati,ve intensities 

of the two reson remained constant. The ~quilibrium 

\, 

, , 

, 
• 

." 
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\ 

constan~ (exo-nitro/endo-nitro) was calcul ted to be about 2 

at 45°' from the inteqrated areas of the ô 3.23 and 4.82 

resonances. The total yield of the addudt$ was approximately 
1 

'\ 
80% at t~e temperaturè, examined. The mole fraction of both 

adducts decre'ased wi tl1 increasinq temperature. 

, ,Koniq an~'co-workers80 reported the similar resrlt that 

th~ ~ndo~ni~rO~isomer (9;,93) p~edOminated in early Jstages 

of 'the Oiels-Alder reacti6ns of furan or 2,5-dime~h~1 furan 

~~~th nit~oethylene; 
"-

.~ 
~t 

\ 
j, , 

, 

(92) (93) \ ' 

, , , 

~yro~ys~s,of the ~do-nitro aaquct (91) at 110°/10 mm'Hq 
'1 • ~ • ~ " 

. smoothly yie1ded tnethyl S-nitroacry1ate ,(89) due to the, 
" ''''-.. 

relèil.tive i9stability Of. [4+2] adducts frolll furan and di~s. 

fi 
CH, 

- ~CHa D --. .,.: ~' 
;J It ,NO. 

-. 
(91) (89 ) \" 

'" 

,,' 

'. ' 

'-

., 

'J 
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.. 
Prolonged tr,atment of the adducts (90,91) wfth m-chloro-

perbenzoic acid 81 proceeded stereoselective1y ta afford the 
-

exo-epoxides (94,95) respective1y. The products showed a 

sharp i.r. band at 858 c~-1, which was in agreement with 

absorption oJ numeto~s other compounds c~nta~ning fused epoxide 

rings!2 It is known t~at epoxidation in bicycloheptenes and 
\. 

7-oxabicycloheptenea occurs from the Iesa hindered exo side~1 

~
Noa 

'1>. • 

~ • - OOCH
J 

(94 ) '(95) 

The structure and stereochemistry of the epoxidea were 

also determined by n.m.r. spectroscopy. The J values. in 

7-oxabicyclo [2.2.11 hept-S-ene are weIl established?' J 

between cis protons is quitè large (about 8 Hz) compared with 

about 4 Hz ~ound for the trans proton. Although the bridgehead 

proton couples with the exo proton'with a J -of 4 Hz, it faila 

tQ couple with the endo proton. Similar features are observed' 

in the norbornyl system!~ 

By analogy, the n.m.r. spectra of the epoxides were 

interpreted as follows. 'W~ would expect that the low field proton , 
a to the nitro group in the ~ompound (94) would appear as a 

doublet, and in (95) as a quartet ~~ a tri~let (X p~rt of 



'-

~': 

, ' 

\ 
.' 

- -
, , \, 
._-~. 

28 

AMX system). As shown in Table l, we found'that the C-6 proton 

appeared as ~ doublet (J=-4 HZ) 'in (94) and as a quartet 

(J=4 Hz) in (95). This interpretation was substantiated by 

spin-spin decoupling. Irradiation of the C-6 proton of (95) 

caused the doublet for the C-l proton to collapse to a sinqlet. 

Bridgehead C-l and C-4 protons showed diffetences ~n 'multiplicity. 

based on dihedral angle dependant J l/6 and J 4 ,5 coupling 

constants. The C-2 and C-3 protons were seen as a quartet of 

an AB system. No assignment of the C-2 and C-3 protons was 

made. 

In order to qet additional proof for the±r st~uctures, 

the epoxides (94,9S) were treated with diazabicyclo [5.4.0] 

undec-5-ene {DBU)sS in refluxing methylene chloride to ~ive 

the . D.l--olefin epoxide (96). 

< 4 1 

.-~.-- - ~'h' 
• OOCHJ 

;/. 

(96l 

Its n.m.r. spectrum showed an AB quartet centered at ô 3.55 

for the C-2 and C-3 protons. The signal from the C-l proton , , 

which coupled with the C-6 p~oton appeared as a doublet at 

'ô 4.88 with J-2 Hz'. A sinqlet at ô 5.00 represented the C-4 

, proton. These arqwuent.s support the concept of exo approach' 

" 

! 

-, 

1 

1 , 
~ 

i . 
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Chemioal Shifts an4 First-Order Coupling Constants for-the Epoxides '\ 

" 

Compounds 

\ 

(94) 

(95) '" 

H-1 H-2 (3) 

'\ 5.10 s 3.63. d 
\ 

J~,3=4 ~~=O 
Jl,~=o J2,1=~ 

4.93 ~~.43 d 

~1,6~4 J~=4 
Ji,2=O J2 ,1=O 

H-3 (3) 

3.73 d 

J 3 ,2=4 

J 3 ,4=O 

. 
~ 

3.53 d 

, J 3 ,2=4 

J 3 ,4=O 

H-4 ,11-5 8-6 OCli3 

4.88 d 3.93 q 5.25 d 3.7'J. s '---..... 
J 4 ,5=4 J5,6~4 J 6 ,S=4 

J 4 ,,3=O 
, 

J 5 ,4=4 J6,1~ 

3.76 d 5.5~~ B. , 4.83 s ---------- . J 4 ,s=O J S,6=:t J 6 ,S=4, . 

J4 ,3=O J S ,4=O J 6 ,1=4 

,J 

Spect~a are recorded at 60 MHz in DMS~-d6. Chemioal ~hifts ar~ given in, i, 'coupling 

constants in Hz. 
',' , , 
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\ 
of p~raOid on the ~7-oxabicyel~ !2-,2.1] heptene system. The 

~orrë1tne.a of the abOve aSaiqnment,\Wifl' be further 'proven 

by the Iaq,tonization of (94). Sinee ~: number o~ halosug'ars 

have been ~repared by clea~age of sugàr epoxides, this comPound 
, \ 4 • 

could aiso provide the preeursor for ha~osugars. For example,' 
~ • 1 \ • 

methyl S-o-acetYl-2,-bromo-2-deOXY-~-D-x1~ofuranoside and .' 

methyl S-O-acetyl-3-bromo-3-deoxy-~-D-arabinofuranoside were 

prepared by cleavage of a sugar epoxide by magnesium bromide!6 

Treatment 'of- the endo-earbo~ethoxy epoxide (9'4) .with 

acet1c'aeid and hyd~oehlorie acid at gOo ff,r 2 hr provided J 

,"the desired hydroxy lactone (97) 'in 60t yield. 

(94) (97) 

1 
The 2,6 rather than the 2,5 reqioselectivity Of'lacton~zation 

was als~ o~served in analogous compound (98), for the product 

~ (99) of whicb a rigorous str~cture proof exists!' 

400CH' 
(98) (99) .. 

.. 

J 

, . 
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, l 

The ex6-carbomethoxy e.poxide (95). did not lactonint under 

the conditions as described above, thus confirming the 

stereochemistry'%f (94)' and (95) assigned prev~~us1y. 
? ';' \ • 

The,n/m.r. spectruni of y-1actones th the oicyc10 [2.'2.1] 

heptyl ser'ies are of a'pecial in~erest because thé bicyclo sy'stem 

with its riqid structurenas served as a substrate for the 

generation and evaluation of rtume~qus mechanîstic hypotheses 
, 

ln modern organic ch~stry. The eharacteristic features will 

bé discussed heré. 

X8 • t • 
o 0 

(100) , , (101) , 

X=I, ID:, OTs,. OAo, 0 . 

The n.m.r. spectra of y-lact?nès în several bridged 

bicyclo [2.2.1] heptane derivat!ves (100) have been analyzed 
,. , 

~n detail by Moriarty eë al!8 They obserVed the fOl1owing . , ' 

results: (a) the vi9~nal coup1ing constan~.J1,6exo (Jl,~exo) 

is around 5 Hz; (b) ,J4 ,Sendo (J4 ,3endo) ois 0.5 Hz; (c) 
, 

\ 

J5endo,6e~ is 0 Hz; (d) the C-1 proton appears at a lower field 

position relative to the C-2 proto~ ~~ch'i~ attached to the 

carbon atom bearinq the càrbony1 group of the lactone,' The ~;> 
,- ~ 

reason for the ~expected reversal:in the:cihemical shifts of 
, 1 ., 

L, 

#, 
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these protons is that th~ "c:-1 proton la located in the region 

'of maximum"deshi~lding. The same conclusion was reached by . 
(, 

n.m.r. study of the y-lactone of 7-oxabicyclo [2.-2.1] heptane 

(101) ! 9 

By analogy with the spectra of similar lactones, we wer~ 

able to interpret the n.m.r. spectra of the hydroxylactone (97). 

Thé signal of ~he C-l proton is split into a triplet at ô 5.60 

(J=5 Hz) due to coupling with the C-2 and C-6 protons. The 

downfield shift of about 0.7 ppm for the C-l proton compared 
, , 

to the C-4 proton in compound (94) ia probably due to the 
~ 

de~hi~lding effect of the lactone c4rboQyl group discu~sed 

above. A doublet was observed at d 4.63 (J 6,1=5 Hz) for th~.', .' . 
...-

C~6 proton. Like the C-6 proton, the C-2 proton showe~ a' doublet 

at ô,3.63 (J2,lbS Hz). Tne remaining protons gave single~~ at ~ 

ô 4.~ (H-5J, 5'.2,5 (H-,4), and 5.33 (H-3)~ An exch~ngeab~proton 
'/' 

. . 
was found at ô 3.36.' Spin-spin decoupl~ng substantiated our 

1 

, 'interpretation (see Fig. ,1). Upon irradiation of the C-l proton" 

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

to_~in~lets. Dec~~pling the doublet for the C-6 ~~o~on' collapsed 
-the triplet tor the C-l proton to a doublet .. Therefore, ,the 

. . . 
'C-l proton- coupled with with the C-2 ~na 'C-6 protons. 

n. , 
0' 

The 1.r. s~ctrum of (97) spo~ed a strong ab~~rption at 

,1800 cm.-1 fer the 'y"'l~ctone." Moriar~y et 'al! 0 explains that 

al?normally high ,car~onyl'-' ~.b-l."et~".'l\~~ fx:equency is attributable . 

, , , ' . to dipolar destabili~à.t:!on be~lrlee~ th~ lactone dipole and 
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Fig. 1. Downfield portion of the n.m.r. spectrum of compound (97) .,-
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the dipo1e of C-OH .'bo~d in ground state. This compound was also 
~ . 

complete1y idèntified by mass 'spectromètry and e1emental 
n 

analysi,;s . 
- ,_'7 .; 

In order to inc~ea~eOthe yie1d of the hydroxy lactone (97), -.r.~ - r' 

a direct) lacto~izat:i.on fro"m the Die1s-Alder adduct was attempted. 

It was report~d that meth~~ bicy~10 .[2.2.1J·hept-S-ene~2-
) . 

carboxy1ate unaerwent oxidative 1actonization usinq formic acid 

and hydrogen pe~oxide~l In our 'case~ treatment' of the exa-nitro 
\ 

adduct (90) with formic acid and hydrogen péroxide at 45-50 0 

.. bvernight gave on'l.y the corresponding epoxide (94). 

H 

L97) 

. 
--+ 

(192) R:aAc 

(103) R=';l.'HP 

Atternpts to acy1at,e the hydroxy 1actone (97) with acetic 

anhydride or pivaloy1 ch1oride'in pyridin~ failed, 1eading to 

decomposition pr~ducts. However, acety1ation using acetic 

.a~hydride and p-toluenesu1fonic acid monohydrate gave the 

cr~sta11ine acetate (102) in 70% yie1d. The characteristic , 

do~tie1d shift 92 of abo.ut 0.7 ppm for the C-S proton in 

compound (102) compared to the C-5 proton in compound (97) 

confirmed the previous assignment of the c-s proton in 

the hydroxy. lactone. 
< ~. 

\ ,. \ 

'" 

1 . , 
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The hydroxy 1actone (97) was found to react rapidly with 
'" 

dihydropyran in the presence of p-toluenesulfonic acid in Acetone 

to give the tetrahydropyrany1 ether (103). Examinati<l>n of, the 

product by t.l.c. revealed the presence of approximately equal 

amounts of isomers at the new epimeric center generated. 

Attempts to transform the lactone (103,) into the unsaturated 

ester (105) using one or more equivalents of sodium methoxide 

in methanol, the conditions which had cleanly converted the 

bromolactone in the bicyclo [2.2.1] hep~ series to an 

analogous compound~a failed because of the formation of the 

sodium salt (104) and a mixture of several unknown products. 

There are numerous reports that the sodi~ salt formation of 

the nitro compounds occurs rapidly by sodium methoxide!~ 

THPO 

(103) 
TH 

\ 

,. 

(104) 

OOCH, 

(105) R-H 

(J:Q6) R-Ac 

) 
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However, treatment of the lactone (103) with DBU or 

triethylamine in rnethanol under reflux afforded the ole fin 

ester (105) as an oil accompanie~ by varying amounts of the 

methoxy lactone (108), rn.p. 134-136°. The n.m.r. spectrum of 

the olefin ester showed a one-proton doublet at 6 7.17 

(J-2 Hz) for the vinyl proton which coupled with the bridqehead 

proton. A sharp three-proton singlet appeared at 5 3.76 for 

the methyl ester. The i.r. spectrum showed a strong carbonyl 

absorption for the ester carbonyl at 1720 cm-l and no 

absorption for the nitro q~oup. The olefin ester (105) was 

characterized as its acetate (106). 

The structure of the side product was derived from its 

i.r. spectrum which indicated the presence of a lactone 

carbony1 absorption at 1800 crn-l and its n.m.r. spectrum which 

showed a methoxy group at 5 3.40 and the absence of vinyl proton. 

The yield of the sid'e product was found 'to increase with an 

excèss of DBU and longer reac~ion time. Therefore, it was 

obvious that the olefin ester (105) was transformed to thé 
"'-.. 

methoxy lactone, presumably via the correspondinq catbomethoxy 

alcohol (107) with subsequent re1actonization. Sorne spectroscopie 

and t.l.c. evidetce for the formation of this intermediate 

could bé~obtained, but it could not be isolated in a pure 
~ . 

state. The stereochémistry of exo-methoxy and exo-bydrogen 
, " 

of the intermediate le presumably the consequence of intitial 

attack from 1-the more accessible exo-side of the 7-oxabicyclo 

\ 
\ 

- ~\ . , 
\ 

\ 
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[2.2.lJ heptene ring followed by thermodynamio exo-protonation 
. 

of the resulting enolate. This type of ~onjugated addition of 
... ~ 

nucleophiles to the norbornadienes also proceeds smoothly 

and ~tereoseleotively under basic oonditions!! 

THP --+ [THP 
OOCH, 

OM.] TH 
---I-'H --+ 

OOCH, 

(105) (107) (108) 

Me 

At this point, itObecame apparent' that the tetrahydro­

pyranyl protecting group obscureq the n.m.r. spectra of (103) 

and (105) enough to make sorne of the assignments doubtful. 

In conceivin9 a synthetic route to showdomycin itself 

or analogues we must bear in mind that, while th1s compound 

is véry stable under acidic' conditions~s,36 ft is very labile 

in base, o~ing to a rspid Michael type,of addition of the 

5'-hydroxy group to the maleimid~ double bond~6 In viéW of 

this alkaline instability of the final product, we decided 

to use tert-butyldimethylsilyl group ,for the protection of 

our sugar moiety. It is known that tert-butyldimethylsilyl 

ethers are stable to aqueous alcoholic base under normal 
, 

conditions and removal of the silyl protect1ng group can be 
" 

accompli shed using tetra-n-butyl. ammonium.f~uoride or acetic 

• 

1 

1 

,J 

l, 
1 
1 
1 

~ 
l' 
t 

1 

1 
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acid!6'Therefore, this group appeared to be suitable for 

darrying out the subsequent,reaction. 

After hydrolysis of the tetrahydropyranyl ether (105) 

J8-

wi tp aqueous acetic acid or a .1N hydrochloric aoid i~, methanol., 

the resulting diol (109) was directly silyla~ed with tert­

butyldimethylsilyl chloride and imidazole in dimathYlformamide 9 & 

at room temperature for 24 hr, giving the disilyl olefin 

ester (110) in low yield. 

(105) 

• > 

(109) 

_/ ,----

. 
(110) R=Si(CH3)2C(CH3)3 

'(111) R-Ao 

(I~2).· -RilêOC-CCHl-).3 ~ 
,.----' ~_ .. ~ 

The n.m.r. analysis o~_.t.hEf product (see Fig. 2) showed that 

the stereochemistny of the C-2 exo- and Ç-3 endo-hydroxy groups 

we planned ,to introduce had' bèen retained. The assignment 

of resonances corresponding to' the bridgehead C-1 and C-4 protons 

was straightforward. The expected larger value of J4,3~4 Hz 

over J1,6-2 Hz was of diagnostic value here, and ·was consist~nt 

with a number ,of 7-oxabicyclo [2.2.1] hept-S-ene in our serie~ 

The· C-4 proton ,appeared as a doublet at ~4.8S (J-4 HZ~ and 

the C-~ proton resonated as'a doublet at ô 4.62 (J-2 Hz). 

;' 
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Fig. 2. The n.m.r. spectrum of compound (110) in CDC1
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The C-6 proton which coupled with the C-l proton appeared as 
1 

a doublet at ô 7.02 (J-2 Hz). The C-3 proton appeared as a 

doublet at ô 4.02 (J-4 Hz) due to coupling with the bridqehead 

C-4 proton. The C-2 proton occurred as a singlet at ô 3.54 
! 

since there was no coupling between c-'2 endo and C-,3 exo 

protons. Reasonable consistency prevailed for the relative 

~chemical shifts and cpupling constants'of stru~turally related 
,. 

compound s' • Further proof of the above assignment· was made by 

spin-spin decoupling. Decoupling the doublet at ô 7.02 

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

Irradiation of the doublet at ô 4.85 collapsed the doublet 
, 

at ô 4.02 to a,singlet. Therefore, spin-decouplinq readily 

distinguished the C-l,proton from the C-4 proton. 

! The diol (109) was also transformed into its diacetate (111) 

and dipivalatè (112)., 

The n.m.r. spectrum of the dipivalate (112) showed similarity 

to that of the disilyl olefin ester (110). The C-4 proton 

appeared as a doublet at ô 5.23 (J4 ,3=4 Hz) due to coupling 

with the C-3 proton at ô 5.03 (J3,4-4 ~z). The ~-1 proton 

coupled ,wi~h the C-6 proton at ô 7:21 '(J6 ,1=2 HZ) ta give a 

doublet at ô 4. 94 (JI, 6-2 Hz)., _ The C-2 proton appeared as a 

sinqlet at ô 4.52 as expected. Methyl' ester and pivalate protons 

vere observed as singlets at ô 3. 7",' 1.23 and l .10 respecti vely. 

To get further proof for the correct stereochemistry o~ 

- :trans relation~hip of hydroxyl func't;ion, the ole fin e~~' (lOS} 
1 

- .~ - , 

) 

l' 

1 
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/ 

TH 

OOCH, 

(113) 

~ 

H 

,OQCHJ 

(114) 

was converted to the dipivalate a~ follows. Treatment of the 

olefin ester with pivaloyl chloridè and pytidine afforded 
" , 

. , 

the p1va1oy1 olefin ester (113). Hydro1ysis of th~ tetrahydro-

pyranyl ether of (113) with aqueous acetic acid qave the ... 
hydroxy o1e~ estèr ,(~14). Once ag.ain, the hydroxyl fune,t.î:on 

of (114) was protècted,as its pivalate (115). After pivalation, 
, 

t~e C-2 proton of (~14) was'shifted downfield by 0.8 ppm, thus 

confirmi~g the pre~iou$ ~s$i~nt of,the C-2 proton in , 

compo,':1%ld , (1~2). T~is compound. 'fias iàentic~i in all.respects, 

(n.m • .r~, i..r.~ W1th· '{ll2) ob.tained f~om the diol (109) ~ 

'l'he above method âllow$ ~e synthesis of differently 

Substitutéd olefin'e$lters which·a:re ~cid- and base-stable. 
ij , " 

• u' , 

The only disadvantaqe 1n OUl!' sY'!thetl:c route toward the olefin 

\ ' 

'. ~, 

. . 

, 
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,1 

ester was thé introduction and deprote~tion of the 

tetrahydropyranyl protectinq group. In arder to avoid this . 
. ~ 

unneoessary step, the hydroxyl group of the hydroxy l~ctone, 
.' 

(97) was protected as tert-butyldimethylsilyl ether or 

methoxymethyl éther. T~ese reactions .will be discussea in 

chapter II • 

\ 
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Chapter II 

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

(1) Synthesis of methyl 2-(2B,3a-dihydroxy-2,3-di-O-tert-butyl­

dimethylsilyl-4B-tert-butylgimethylsiloxymethyl-fUran-1B-yl) 
1 

glyoxylate (128) and methyl 2-(2B,3a-dihydroxy-2,3-di-O-methoxy­

metqyl-4B-tert-butyldimethylsilo!y!éthyl-furan-lB-yl) qlyoxylate 
1 

(137) -
It has been demonstrated over the past several years that 

the furanosyl a-keto esters (84a) are very use fuI as intermediates 

for the synt~esis of ~he C-nucleosides, showdomyci~ and 

pyrazofurin A. Our ,first synthetic goal was to synthesize the 

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

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

" 

( 

(116) 

, 

, 
1 

1 

,The sY9thetiç, route fo~·the preparation ~f the olefin 

ester with proper stereochemistry was w~ll establisheà in 

c~apter 1. The reaction sequence was repeated in simplified - , . 
... 

:-.. ' 
fi • 

" 
~ 

.1 

\ 
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manner to improve yields. -
\ 

~he hydroxy lactone (97) was converted into' its ter~-

butyldimethylsi1yl ether (117) by reaction with tert-butyl­

dimethy1silyl chloride and imidazole accordinq to the 

procedure of Corey et a1;6 The crysta1line product, rn.p. 

112-113°, was o;ained in 90% yield. This pro~ess seems to 

proceed via N-te t-buty1dimethylsi1y1imidazo1e, the conjuqated 

acid ?f which can be expected to be very reactive sily1ating 

agent. The si1y1 ether (117) was completely identified by 
( 

spectrum. The bridgehead C-l proton appeared as a \, its n.m.r. 
"'-

triplet at ô S.51 (J=5 Hz) due to coup1ing with the C-2 and 

C-6 protons. Another bridqehead C-4 proton resonated as ~ 

sing1et at ô 4.84 because of no coup1ing with adjacent' endo 

protons. Two doublets at ô 3.76 and 4.58 with J=S (~z were 

assigned to the C-2 and C-6 protons, both of which coup1ed 

with the C-l proton. The J 2exo ,3endo and J5endo;6exo were :00 - -
small to identify. Two sing1ets at ô '4.00 and 5.14 repres+ted 

• • 1 

the' C-S and C"'II3 protons. The tert-,butyl and dimethyl protons 

were observed as singlets at ô 0.95 and 0.16 respectively~ 

.. 

'\ 

.. 
(97) 

; 
" 

- M-



, , 
, ' 

~ 

" 

',' 
", 

, , 

, ._---

o 

- , -- r, 
1 

, .. ", 
, " .... , ... .., 

" -~ \ .. 

\ 

45 ,/ 
" 

-' 

T~eatment of the lactQne (117) with DBU in refiuxinq 

Methanol for 1 hr gave the hydroxy olefin ester ~1J8), resultinq 
J.,. 

from opening the lactone followed by eliminatiqn of nitrous 

acid. After ready separation by column chromatography on 

silicic acid, the" fast moving side product, (119) was iso1ated 

whi1e the slower moving hydroxy o1efin ester (118) was obtained 

as an oil ·in 84% yield. This product was ,also âbtained when 

ct- the 1actone was refluxed wlth triethylamine in methanol 'for 

. . 

6 hr. ( 

R RO 
+ 

OOCHa 

(117) (118) R'aH 

(120) R'-COC(CH3)3 

~=Si(CH3)2C(CH3)3' (121) R=l{' 

Cl 

1 (119) 

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

, appeared ~_1;.' <5 7.08 (J=2 H'Z) corresponding to the vinyl proton 

which coupled with the C~l proton, at <5 4.75 (J=2 Hz). An 

exchangè8ble proton was 9bserved at ô 3.37~ The chemical 
~ 

shift of the C-2 endo proton at ô 3.66 was shifted to hiqher 

,fi'eld by 0.34 ppm th~n that of 1;he corresponding pr,oton, in ". 

'the lactone (117). This may be exp1ained in terms of~the 
, 

diamaqnetic anisotropy of the carbon ... c'arbon double bond. . " 

The r~sonances due to the C-4 and C-3 protons gave doublets 

, . 

co 

ft 
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/ 
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, 
.(J=5 Hz) at 't' 5.01 'and 4:13 respective1y. 

The side product was ~hown by n.rn.r.' and i.r. to be the 

methoxy 1a~tone (119)\: WhiCh. probably arose by the' sarne mbde 

of reaction as a1read' discussed in ehapter l. 

The hydroxy, olefin ester was well characterized as its 

pivalate (120). 

. Because of easy removal of the protecting gro~ps at the 
0 

g~oup final stage~ it was decided to block the hydroxyl of 

'(118) as its tèr~-butyldtmethylsily1 ether'by the ~ove Methode . 
Héwever, si1y1ation proceeded in an unpredictable manner, 

providing the disilylation product 1121) with m.p. 90-91 0 

in'low yield. No pure material was iso1ated from the by-products. 

- Conventional silylating techniques using, for example, excess 

sily1 chloride in pyrid1ne or sodium hydr1de in te trahyd ro fur an 

were unpromising. 

The spectral data Ci. r., n .m. r.) of (121) was 1dentical 
• 

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

different route (see chapter I). The above,method ~t synthes1s 

makes the confirmation 'of, the olefin ester unambiguous, and , 
the structure of the' product 1s further supported by n.rn.r. 

spectI:"o~c.ppy. " 
J. 

050 far"we c1e~rly estab1ished the stereochem1stry of the 

2- and 3-hydroxyl group~. A1so, the potential .aglycon moiety 

of th~ C~l position an~potentia~ hydroxymet~y1 function of 

th~ C~4 position which will be elaborated later on should be 
r 

: ' 
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cis to each other, because tnis stereochemistry was already 

defined at the Diels-Alder reaction stage. Therefore, our 

approach will proviàe an unambiguous synthesis of the B-anomer 

of th& final product. 

." 

--
t 

(121 ) 

, 
Oxidation of the olefin ester (lil) with ruthenium tetroxide 91 

" 
over a short period of time' permitted the isolation of the 

-
aldehydo keto ester (122) as a major product with m.p. 81° in 

48% yield after column chromatographY. The n.~.r. spectrum 

clearly indicated the presence of a free a1dehyde functiOn. One 

aldehyaic proton was observed at 6 9.13 and a good e1emental 

• analys~s was obtained. 

rtLHI 
RO ' 

(121) 

~
OCH 

OH •. 0" 0 1 

R . 

(122) 

R-Si(CH3)2C(CH3)3 

(123 ), 

* No absolute &tereochemistry fs implied in the drawinq.< 
" . 

, , 
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Ozonolysis of the olefi~ ester (121) fo1lowed by reductive 

work-up with dimethy1 sulfide 98 gave a quantitative yie1d of a 

the aldehydo keto ester (122) in a few instances. This compound 

was identical in all respects (n.m.r., i.r., m.p.) with the 

compound previously obt~ined. In most cases, the reductive 
, 

ozonolysis afforded a mixture of the aldehydo keto ester (122) 

and the hydrated hemiacetal (123) in quantitative yield without 

purification. 
-

Selective reduction of the aldehydo keto ester (122) to 

the keto ester (l28a) was attempted with zinc borohydride!9 
.. 

In spite of numerous attempts, no selectivity in the reduction 

of the a1dehydo group was observed and the diol (124) was 

obtai'ned as a major product in 30% yield. Reduction with 
, 

diborane-t~trahyd~ofuran complex 10 
0 yielded the diol as a major/ 

product in 45% yield. Reduction with lithium tri-tert-butoxy­

alurninum hydride io1 ~ave the diol in 60% yield. The diol wàB ( , 
~1 

fully characterized as its diacetate (1~5). Its n.m.~. spectrum 
~ 

showed two three-proton singlets at ô 2.03 and 2.10 for the 

aoetates. It should be pointed out that we did not know .Whether 
l 

the diol (124) and the diacetate (125) would be a pure isome~ 
"1. 

or a mixture of isomers at C-2. 

Since there was no selectivity in the reduotion of aldehydo 

,9~ouP of (122), it was decided to protect ae1~ctive~y th~ 

primary hydroxyl qroup, and to oxidize the aeeondary hydrQxyl 

gro~p' of the diol (124). 
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Ogi1vie and co-workers 102 reported that ·tert-buty1dimeth~1-.. 
si1y1 ch10ride reagent ia selective for the 5'-hydroxy group 

in thymidine in the presence of 3'-hydroxy function. We 

therefore determined whether tert-buty1dimethy1silyl chIo ride 

would show simi1ar se1ectivity in our system. 
, 

Thus, the réaction of the diol (124) with one equivalent 

of the tert-butyldimethy1si1yl chloride and 2.5 equivalents of 

imidazole in dimethy1formamide gave the hydroxy ester (126) in 

~4' yield after purification by a co1umn of alumina using 

hexane-ethy1 ethér. Its n.m.r. spectrum showed 'an exchangeable 

proton at 5 2.96 •. From-the n.m.r. spectral data, we were unable 
, , d 

to know,whethe~ the desire~ produ~t (126) was formed or note 

In order to estab1ish the structure of tbis compound, the 
1 ""-. , 

$~lyiated hydraxy ,ester (126) ~~s convertêd to its acetate (127). 

'In its ,n.m. r. spectrum, the ',C-2 prot~n of the hydroxy ester 

(~~6)' '~~s shifted dO~flei'd bY' abOu~ 0.8 'ppm, ,w~ich inâic-at-ed 

. :1;hàt,.the Acetate gro_up ~as att.ched ta a ,lIIecondary a~cohol 

'\ ' 

. , 

. . ' .: 

_ ........ 

2 , , 
" , 

i 
i 
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\ 

function. We could there~ore 

diol with the silyl chloride 

~hat protect.ion \ of the' " 

the desired produqt (126). 

Since for our purpose a distin tion between two possible 

isomers of the hydroxy ester ~as unnecessary, we decided to 

abandon xhe separatio~ and aS$iqnment of configuration. 

At this point, we lookedl fOr an oxidation pro,cedure to 
/ 

generate the structural feat1res of a keto ester on which an 

Aglycon moiety coul~ be buJlt: Because of the nature of the 

acid-1abi1e protect~ng gro/ps, the oxidation of the secondary 

alcohol function shou1d be carried out at neutral conditions. 

Oxidation with sodium period~te-ruth~nium dioxide", appeared 

to be a promising method. Oxidation of.the hydroxy ester (126)' 

to the keto ester (12a) was achieved in qood yie1d by us!nq 
'f 

ruthenium dioxide-sodium periodate in carbon tetrach10ride 

and water wi th vigorous'-t stirrinq. The pH was kept between 6 , ) 

and 7 by the addition of a sodium bicarbonate solution. 

(128) R.R'~S1(CH3)2C(CH3)3 
" ' 

(128a) ~~Si(èH~~2C(CH3)3' R'-H 

1 

, 
,'"" ... 

" ,,. 
1 

! 
l' 

1 

1/ 
'1 

( 

! 
1 
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Attempts to purify the produot by either co1umn or ~eparative 

thin laye~ chromatography on silioio ~cid led to deoQmposition. 

It ~s knoWn t~ât the a-keto ester-contain!ng compounds are 

extreme1Y:iabi1e and partial deeomposition on 8i1icio aoid 

ocburs~O,~l The oxidation step itself, ho ever, appeared to 

be quite e1ean. Since a smal\ amount of im 

interfere with subsequent ste s (see chapt 

did not 

we rout~ne1y 

prepared t~e keto ester ptior 0 use and t eated i~ without 

further purifioation. FOllowing spectral a were 'llighly 

supportive of its ~tructure. The \.r. spect um showed strong 

absorption bands at 1730 and 1750 \m-l. In, the n.m.r. spectrum 

the expected doublet appeared at ô \.06 (J-S HZ) for the C-l' 

proton due to coupling with the C-2' raton. 

-.r 

Because of the low ~ield of the s cond silylatian encountered 

at one stage in this sequence (118t121) the &bove re'ac~ion 
\ 

sequence was repeated starting .with 5-ca~bo~tho~y-3-end -

pivaloyloxy-2-exo-tert-butyldimethylsilox -7~oxabicyclo [ .2.l]_ 

hept-5-ene (120). 

Reductive ozonolysis of the olefin este (120) with 

dimethy1 sulfide in methy1ene c~loride lad to a numbar of 

unidentified pro~ucts. In the n.m.r. spectrum, \the p~va1ate 

group showed ma~y singlets and a180, t.~.c. ind~ated the' 
l' \ 

1 • 

preSl,nëe of m~rY compounds~ Without purificatio~, the resu1ting 

mixt re was tfeated with lithium tri-tert-butoxya1uminum 

hydr de ~'titranYdrOfUran at O· for 5 hr to qive. afte,r 

.,j' '/ 

") 1 
1 
1 

/- , : 
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H ,AoQ 

OOCHa 

(~-Si(CH3)2C(CH~;:9) (130) 

chromatography on si1icic acid, a ~O, yie1d oF the dio1 (129) 

from the: o1efin ester. The dio1 was tranSformed to its 

diacetate (130). The structure of this,product (130) was c1éar 
. . 

from.the ,n.m.r. spectrum. The reason of the low yie1d of the 

dio1 i8 probab1y,that the pivaiate group interacts with the 

hydroxy1 :group generated in ,the ozono1ysis-réduction sequence. 
" , 

OU~11et9~ encounte;ed the sarne pro~lem in the carbocyc11c 

nU~leoside series. 

Theref~re, we sought another suitable protecting grou~. 

"Me hoxyme~hyl ether was chosen because of the readily available 
, 

ragent (dimethC?xymethane) at low cost and ciean reacti,on with 

sort reaction time. The hydroxy 1actone (97) was treated wLth 

phosphorus pentoxide 103 in tetrahydroturan 
1 

t room temperature for 1.5 nr to give the crystal1ine ~ro~uct 

131) '#ith m.p. 154-15,5 0 in almost quantitative y~eld. 'J;'h~', 
J 

ompound was identifieà-by.its n.m.r. spectrum which wa.,quite 
, ~ • 1 

, , i 

to tho •• of other y-lactones o.f 7-oxabicyclo [2. 2 f 1) 
.. 

\ , 

\ 

..... l' . 

'. 
1 



i ,. 
1 

~ 

" 

C,' 

-, - , '"' ,,-, / \ .;;;~ ", _ .' !., 1 • t ....... 

-- <":':":L:-~~, '...:.;;~'~ .... ':.-.:.' _ ... '.:.,' ""'1' --J-I---";'_":"-'._- :. 
ï 
1 

/ 53 

H NO. ' 

(97) (131) 

RO 

-
(134) R'=H 1 (132) R'-H 

1 

(135), R,' -Ac i 
" ~ 1 

(133) R-R' 

heptanes availab1e in t~is s~ries. The m~thoxy proto~s appeared 

as 'a singlet at ô 3.06 land methy1en$ protons ~~oca20,-,) gave 

ri se to résonance at Ô 4.43 B:s ,~ $ingle~. All other protons 

showed the same multi 

Reaction 
1 

as other y-1actones '(97,117)'. 

(131) with DBO in refluxing 

methanol g4~e the hy roxy olefin ester (132) in 68' yie1d after 
o 

, purificàtipn by ~ol , ' 

ehromato~raphy on 'si1ic1c acid. This 

às also 0 by treatment of the la~tone (13~) 

" inq mat\,""Ol ,for f" ":,,. "" , " 
e hyd~o y olef1n ~s er <t32) ,with dimethoxr-

1 

~e in ch10 ofo~ ,produced a 8~' 

). In.'the n.m t\,~, sp$ctr~ the 
\ "," ,1 

\ " 

, 
1 

methane d phQsph rus p 
" l \ 

yield of' the olefi' este 

enlO- afd axo-math 

l , \ 

1 ri \ 

'let. at, t5 3.,36 
... ,,1 

~ ':, ;' 
, 1 \ 

1 \ 
\, \ 
/ \ 
, \ 

.,ï i \ 

\ 

, \, '\\ ,\, , 
. . 

\ . 

" : \ 

'. \ 
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, 
and 3,42 respecti~ely. The viny1 proto~ gave a doublet at 6 

7.15 (J=2 Hz) as in other 7-oxabicyblo [2.2'.1] heptenes. 

Bridgehead C-l and C-4 protons showed differences in ~oupling 

constants, and chemical' shifts. While the C-4 proton at <s ,5.12 

(J=4 Hz) coupied with the C-3 proton at <S 4.20 (J-4 ,Hz), the 
, - -

C-l proton ,gave' a doubiet at 0 4.99 with a sma11er coupling 

constant (J=2 Hz'). The C-2' proton' showed a ',singlet at ô 3.66. 
, ~ . 

) The re~ative chemical shifts and,~ouplin~ constants weré in 

'. 

accorq with those of the disilyl o~~fin ester (121). The i.r. 

spectrum showed strong absorptions for the conjugated ester 

carbonyl (1730 cm -1') and éonj~g.,.t~~ double bond (1625 cm -1) . 

An advantage of-the methoxymethy1 ether over other 

'protectinq' groups ia that the product can be ea8i1y identified 

'by:n~~.r. spèctroscopy and lfas no chiral .c~nt$r. This protecting , 
. 

gro~p was ,satisfactory to a,ècomp,;tish t$ synthesis of 2 t-epi-
. ' 

showdomycin. 

LI' Ozono~ysis of thè olefin ester (133), followed by treatment 
" . 
, with dimethy.~ sulfide and, reductiop o~ t,he resulting ~ldehydo 

, f ,v 

"lceto es.tér':'obtained' in',part '~é its hydrate':" with ,4-.equival.en-t::s 

of lithium ~ri-tert~butoxyalumirium hydride, gave th~ diol (~34). 
~ ~ • \, , , ft 

The diol 'W~$ obtained, in 59i,yield by.puri~icatioh on t.1.è. 
l ,{ • _ \ ~. , 

plates'. Acety1ation of the Q.iol (134) ,afforded the diacetate 
, , ...... Iift::. 

(135). 
. 

,We already knéW that tert-butyldimethyls±lyl chloride had 

sho~ selectivity' in the protection of the diel (124). 

, 1 \ 
\ '. 

-il' 
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Treatment of the d.i,ol '(134) with 1 eguivalent of te~t-, 

butyl<Ùmethylsi1yl chloride and 2.5 egui va1ents of imidazole 
\ 

in dimethy1formamide'qave the oi~y monosi1y1 derivative (136) 

in 85% yie1d. 
\ . 

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

h~droxy ester (136) w~s subjected to th~ sarne, conditions 

utilized for the preparation of the keto ester (128) from 

the hydroxy ester ,(126). In agre~ment with the keto ester 

structure, the i.r. spectrùm showed two carbony~ absorption 
, .' 

bands at 1735 a~d 1760 cm-1 • Nevertherless, the proof of the 

structure was accomplis,hed by treatment ,of the keto ester with 
-

semicarbazide and'obtaininq semicarbazone derivative (138) in 

60~ yield. 

OOCHa l' l 
o +'j 

-+ 
NNHCONHr 

(136) (137) ,(138 ) 

. 1 

Its 1.r. spectrUm showed a,strong absorption at 1590 

(.C,aN), 16.25 (CO~H2) and 1725 cm-1 (C-O). The u.v. spectrwn 

(À:;~H 270 nm) s~stan~iated the formation of the semicarbazone. 

In the n.m.r. spectrum, two broad sinqlets at ô 9.63 and 10.53 

(half proton each) !ndica'ted. that al: 1 mixture of qeometric 
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isomers had been formed. The lower field NH proton resonance 

reflects the anticipated deshielding effect of the proximate 

carbonyl group of the syn configuration! ° 5 

1 

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

,of this ~roject. It waa obtained from the exo~nit~o adquct 

(90) in an overa11 yield of 6.5% in 8 steps. The keto ester .. 
met the st,ereochemical requiremen1;. for our synthe sis , the 

4B-tert-buty1dimetbylsiloxyme,thyl group being cis to the 

keto ester function. 

('2) Synthesis of 3,4-di-O-methoxymethyl-2,5-anhydro-D,L-g1ucose 

Another ~pe of C-glycosyl derivative which has received 

much a~tention recently ~s represented by the 2,S-anhydro 

sugars (139,14~), fram which triazole, pyrazole, and isoxazole , 
'. ~ .. 

C-nucleosides arè prepared by, Nitting reactions and 1,3-dipolar 

-, 

, , 

.. 
additions as shown in the introduction. Therefore, w~ investigated. 

the synthe~is of 2,S-anhydroglucose auch as (141).' 

~ r§:H ~OH 
R: X R . RO 

R ~ 

'" 
'(139) x-cao (140a) X-o ~ .. - - (141) , 

(140b) X-CH 2. 

t- fT l, 

/ 

;t 

1 

, 
l, 
1 
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Ozonolysis of the ~lefin es;er. (133) in methylene 

chloride at low tempe rature led to an ozonide. In order to 

prepare th,e triol\ t14~), the resultinq ozonidé was ,treated 
\ 

with s~dium horohydride in' isd~ropanol at 0 0 for 1 hr followed 

by refl~xing for'2 hr~ The ~eaètion mixture was then acidified 
~I ' 

with aqueo~s'a~i~ic acid and evaporatèd, .17aving a white 

solid which wa, directl~ submitted to periodate cleavaqe in 

water,for l hr. By this method, the 2,S .. at;thydro-D,L-q1ucose 
\ . 

(144) was obtained in 37% yie1d basad on the o1Efin est~r. 

The prodüct e~isted ~n the'hemiacet~1 form as shown. The 

structural proo'~ for this produet Jas deri ved fOrIn thè ·'fact 

t~at no a1dehydi~ proton could be detected in the n.m.r: 

spec~rUM and ~o carbonyl absorptions wère observed ln the 

i. r. spectrum •. 

(133) (142) -

-. ~ 
l ' 

. ' 

(144) (143) , 

-, 

l ' 

, . 
"""'HlIa8!~h~~»&~;e=_ .. ~ Il 
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Inspection oi molecular modela of the 2,5~anhydroa1do­

hexoses revea1s that, when the earbony1 group and the primary 

a1coho1 group on C-6 are ei~-4isposedi the formation of a 

1,6-hemiaceta1 is possible without much strain. Defaye106 

, 
pointed out that the formation of an intramolecular hemiacetal 

(146) in 2,S-anhYdrOaldehYdO~D-qfucose (145) cou1d oceur 

easi1y. In terms of entropy, the hemiaeetal formation is much 

more favorable here. In ordinary hemiacetal fo~ation two 

molecu1es, the a1~ohol and a1dehyde, must be tied, down, and 

there is_a considerable loss of freedom of motion. In in~ernal 

hemiacetal formation, only one moleculé, is involved and much , , 

less 109S of freedom oceurs sinee on1y sorne rotational 
; , . 

freedom beco~es restricted!O? 

,~g H 
L H 

, . 
H " 

(145) 

In order to' qet ~urther proof of the structure of (144) . 

the hémiacetal (144) was.subjected to the fo1lowinq Wittig 

teaction. 

Without any further purification' the'hemiaceta1 was 

condenaed w'ith carboethoxymethylenetripheny1phosphorane (147) 
, ' , 

in methylene chl~ide at room 'temperature for 4 hr. 

-, 

.. 
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~OH 
RO c 
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(144) 
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FOllowing chromatographY'on alumifia, the a,S-unsaturated ester 

(149) was obtained in 79%.yield,as a homageneaus ,syrup. 

Examination by n.m.r~ spectroscopy showed that the a,a­
unsaturated' ester was' the pure trans isomer, the C-2 and C-3 

• 
ptotons appearing as ~harp doublets of doUblets at 5 5.98 and 

6.85 with J2,3-14 Hz characteristic of a trans/olefin!oa The 
l' 

above reactiqn con~iti~ns wére similar ta those used, in the 

condensation of 2,' 5-anhydro-D-allose wi th carbomethoxymethylene­

triphenylphosphorane~9 The fact that the product was only 

trans isomer can be explained if we consider·the structure of 

the intermediate betaine! 0"9., The threo struc~ure leading to the 

trans' i"somer is prob~~y ~ mor~ s,table 'than' th'e erythro whic~ 

1\ad~,to the cis ol.fin. simiiar eondensation~of 2,5~anhydro-' , 

.. 

l ' 

" 

,,-

" ,~ ~ 

( 

1 : 
, 1 
; , 

1 J 

" 0 



, Aoetylation of (149) gave the oily acetate (150) in 89% 
1 • 

Iyield after purification by chromatography on alumina:. 
• - 1 

S~nce the carb~ethoxy s~s~ituent ~~tivate~ the dOuble. 1 1 

/ bond, ,the o~êfih ester~~s ~~~ected, t,o be ~ 9~Od dipolarophile! 1 1 

i The utility of this type of compounds as precUrsors to ,1 
, , 1 • ' 

/ C~nucleosides has been demonstrat1l!d'by 1,3.,.dipolar cycloadditio 
1 

.1 

Ct) . ' 

Q 

with diazomethane by other workers~e,~9 

In connection with the synthesis in our "laboratbry of a 
• 

, ,Q 

series of C-nucleosides, ,it has\been,shown that 2,s-anhydro-

D-allose (l40a) does not readily'react with ~nstable_Wittig 

reagents, ~for examp'le methylenetriphenylphosphQrane! 12 Since 

this lack of reactivity severèly curtails the synthetic, 

'u~lity, 'we therefor~ decided to prepare the prec~rsor to 

the free aldehyde of .type (i39) which could b~ a mor~ v~fsatile 
..,. 1) \ 0 ..,-' 1 ~ 

intermediate. The app~oach AJ.nvo1ves thre~ steps:' (1) - rinq': " 
~ r: .... d 

opening of the,hemiaC~~~ by form~tion o~'a _~~lfabie,derivative 
"l \ 4; \ ~ ~ ,,-

of the potential aldehydeJ (f): protéetion ',of th~ ,prinlary alcohol . 

function; '( 3) gÉmeration of th~ 'f;ee. ' alaehyde'- ~ 
, ,,' :' 1 .", ,,' 

Reaction of the 2,S-anhydro-O"L-glucose (144) with . ," 

.. 
N-methylthioethanolamine (l48)11! in benzene gave the 

'.. ~ f' '" ~ .. ~ .. , ~ 

, . 
" 

,thiazo,lidine derivative "(151). Wifhout purific'ation or ,further 
.. ., .- ~ ... .,.,' l'J... ..... 

examination the produet was·Qirect1~ converted to ità aàetate 

derivative (15~) in 77. yield frQm the hemiacetal. This compo d , , . 
, , 

i' 
. , 

, ; 

" . ' t 

( 1 

... . / . _. 

, " 
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() 

was stal;)le enough t.o be purified by preparative thin layer 

chromatoqraphy. ~1nèe cleavaqe of the thiazol~dlne group with 

one equivalent of mercuric ch1o~ide in tetrahydrofuran-water 
• 0 

qenera11y giv •• the free aldehydel 1 .. 'this ~~eti~,l would 

, ~--.. ' 
} '. ~"; './ ,,~' :.-

Q ... - • 

provide precursor to the ftee Aldehyde .. (153). Thè thiazo1idine 

d.rivat!v.s have ~en show~ to he versatile precursors to ~ 
. 

C-nuc1eosides in our ~aboratory!12 No further work has been 

do ne with (152). 

(i52) '" (153) 

" 

o " 

, ( 

. . , , ,... 
1 • • ~ 
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Chapter' III 

S nthesis of urin A 

'(1) Synthesis of D,L-2' -epi ... showdomyoin 

,1 

,~ 

F"," 
J 

The~first synthesis of showdomyoin (3) has been briefly, 

reported by Kalvoda et al. 39 It involved, as the leey interm.diat$" 

keto' ester of type' (84a). 'l'he odnversion 'of the keto ~ster 
required a six-stal' séquance. Recently, Moffatt 'and oo-workers lto !, 

reported a muoh simplifiea ,~wo-step oonversion of the~keto 
, , 

ester ~nto showdomy~in via the reaotion of the keto ester with 

oarbamoylmethylenetripheny,lphosphorane. 

The synthetic route de\l'eloped by Moffatt 8e8mB. c'ap~le of 
, 

extension to the preparation of 0 ,L-2 '-epi-s'howdomycin (lS4). , 

• 

(154) 
. ' , 

" f 

. , 
'. 

' .. 

", /h41 ~eto, ester' (131) ra",ét.d with 'one equ~yal.nt :of ,~:-.. 

ea~bamoylmethyl.n.triphenylpho~phoran. (38) ,1,11 in Ohl0~OfO~ " i 
, " 1 

at l'oom t.mper&ture 'for 2 hr.The i-•• ôtJ:on qave a ,Ii'nqia ma~ol' l '. 
. " ' .' , ".' l ' 

~ ., , ".. ~ 1 

'pJ:Oduct to~.t:har wJ.t~ oon.i4,rabl. ~ount. of po~ar(by-p~04uctl~" 
" 
i' 

, ' 1 . 
• 

\ ." \ . 
~ 

- ' 

,,; 

- " 

" 

• 1 , 
'1 

, , 

.1 
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(137) 

'\ 

, 

(155) 

63 
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. Purification of thê cru~e prod~ct by chromatoqraphy on ailica 
. 

9'e1 ~lates u$ing hexane-ethyl, ether (la ~) qave the maleimid~ 
, . 

(156) in an oVêrala. yie1d of 40\ from the hydroxy e.ter (136) il 

'the n·.m. r. apectr.um o,f th!. eub.taneè clearly showea: the 

di'sapp$arance of the methyl e.ter "group and the presence of 
, " 

a ~in91e NB proton a~ ô 8.08 and' a vinyl'proton at ~ 6.39. 

< 

'l'he i;·;-. 8pectr~ .howed charactari.tic âblorption bande àt 

Ù90 ~nd l ~ 40 , cm-l' f~r: ~~. carbonyl ,~~~tion and ~t 1&55' c~ ~( . 
1,' , • 1 

'forT th. alefinie' bon~. ln the' •••• pectrum, the moleculat' ion 
,1 l ,~ 

• - 1 ~ ,1 1 ~ ~ ." 

peaJt wa.· found ,Iat~. 431, and 'ot.her major peak. at' m/~ 400 
, ... '. +', "" " . " ' 
(M -OCH~) '~d' 374 (M ·"",,<.~K(3) 3)' 'Pu~h.rmore~ the u.v •• p.c~rum 

r.v.a~.d' the typidal tu.1.i~i4~ c~,r~mo~hQré hav,inq abiorp~iQ~ , 
, -0, _. ..... • • 

~j.Jn~" a,t. 222' Ml (log C', 4:,~) ,.' Th .... cari b. explain.d ~y 
, " '1 ' 

" " 
',' . 

! ' .! .: " , 
• l! '. , . ' '. 

1 .... , 
, , 
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,f • ~ : ',·,J
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. 
8pontan.o~a oyclization ot an intermediate' Ci.-orientea 

n\ale~ic 'a~id •• ier (~SS) to',the :o~rr •• pondinCJ' m~lèi~1d •• I~ 
~ ,1, , _ . l , ' ' , 

oould not. be rÙl,ed out that cy~~izatio~, oocurr~d at, the bataine 
( , " ,\ ') , 

lavel precadiz:lc; aotv,à:l formation o,! ,('155)'.· . ",' 
l' • ~, '. 

I,.J , 

No pure 'materials wereisolated tram the polar by-products 

which cont.a~n~a ,t.Z:iph,.nY1PhO~Phin~ oxide. ~t: 18 not ~le'a.t: 
, 1 .' f '- '" 

~~.th~r ~he~e" b.y,,:prq~uct. are 'raBult: of', de,Qomposition ,of th~ 

lu,ile ket~, '~ster, to a ,qén~rai inatability ~qward8 n~c1.ophileil 
" ~ l "-- ~ , . ' , , 

of· th~ maleiniicle rin91 or to further r.action of (lSEi):,with' 
'f 

t:he phoaphorane (38).' 

, , 

;OMeç,~NH.t 
, , rMO

{' +:' 
, ,ONHa 

'{1&8) (159-) .' 

+", 

:Po. 
1 _ 

! 

,Moftatt" ~c:1 oo-worJ(eta\ 0,' exanûnad t.hi. cycli%ation reaction 
__ 0 

J 1 t , 

o 1U~~yl pyruv~t. ane! 'methyl, phenylqlyoxylate ~it:h the 

(38) and obt.inèd, the fCllowinq r •• ule., :(1) th. 

r •• ot1on of ea~bamoYlmethf1.n.triph.nylPho.phoran. with eha 
, L~' <' , '. , 

leaio e,ter (157)' prOduc •• the ci.,-orient.ed mal.amate' (158) 
, • ~. ' ~ -II' . . ' 

" 
" 

l ' 

, , 
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and trans-oriented fumaramàte (159): (2) the ci -oriènt,d 

maleama~ underqoes spontaneous cyclization,to the maleimide 

(160): (3) the ratio of ci~~,~nd trans-oriented isomers is 

c,ontrol1ed by the substituent R., l'rom the .bove ~esults they 

oonc::luded t,hat the' tacti'~n of a~ket~ estèrs, (157) 'w~th (38) 

prQvides a direct route' 1:0 2-substituted maleimide'providing 

that tha substituent R is reasonabiy bulky. 
\ 

, . 
compietion of the synthesis of D,L-21-epl~howdomycin 

then only, ~equired removal of the protectin9, groups. Treatmen~ 
, , 

of (156) with BO% aqueous trifluoroaoe,tic aoid ,led to the 

simulta,neous removal of· both tert-butyldimethylsi1yl and 
, 1 

methoxymethyl qroups.~Subsequent·purification on ailioa qel 

plate. goave crystalline D,L"2'-epi';'showd'omyoin (154), m.p,. 
" ' 

170-l71~ in 60t ·yj,eld. The u.v. speotrum of' product showed 
~I .. • 

an absorption a~ 222 nm and the molar extinction ooeffioient' 
. 

(log e 4.36) was also in aocord with that of the known 

ahowdomyoin ~. \ thus eonf,irminq the structure of the aglycon 

moiety of (154)'" The i.r. data and elemental analysis ",\ere 

consistent with the structure assigned, Furthermore, this 

, compound was fully identified by its mass speotrum, 
, 

The pait few years have witnessed the usefulness of mass ' 
l ' 

spectrometry inJthe structural eluoidation of C-nuol.osid.8~·'~s. 
1 

Thare il a striking diftetence in the fraq.mentation pattern ' 

of C-nucleoside antibiotiC::8 ae campared to nuoleoside. pOls.ssing 

a C-N bond 11nkaqei, 'l'he ba.e peak obs.rv.a tO,r a number of 
ii 

1. 
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C-nucleosides occu~s at B+30 in contrast to the usual 

nuçleosides where the B+1 or 5+2 normally occurs as the 

pr~dominant peak (9 is the heterocyclic base). This B+30 

pe~k has been aasiqned to the aqlycon'plus a protonated formyl 

qroup which results from fragmentat~o~ of the-suqar. , 
The mass 'speetrum of 1) ,L-2' -epi-showdomycin (154) was' 

quite typical of ether C-nucleosides and showed a minor molecular 

ion peak at mIe 229 and an abundant p~~k at mIe 211 correspondinq 

to loss of water from the molecular ion. The base peak was 

found at mie 126 (B+30) (161) where B wa5 the heterocyclic 

aq1ycon. The B+30 peak i5 stronqly suqqestive of a formyl type 

residue attached to the base. Compari~on of the.~ajor peaks of 

,1) showdomycin 31 with th6Se of (154)' revealed considerable 

simi1arity in the fragmentation pattern. 

-4~ . ~o~ 
. \ (161) 

m/e 229 mIe 126 (8+30) 

Th. overa11 view of our synthetic route indicated that 

it afforded a direct and reasonably efficient method for the 

·synthesia of 0 ,L-2 '-epi-showdomyc::in, the overall yield beinq . 
1. 6' ba's~d on the. axo-nitro adduc::t (90). 

t 1 
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1 

1 ~' 
A due 

it a 

synthesis. The ~ynthesis of 

by Farkas et al~1 and 

\ 
'. 

Bernado et a1~1In th!s se tion, the synthesis of DI~-2'-epi-

py;azofurin A de'Scribed. 

.. 
Of the various available 

the-4-llyd~~1& he condensation of thé ket 
1 1-" _c -__ _ . ,# 

with eth~l ~ydrazinoacetat 1 followed by Oieckmann eac 

of the rJsulting hydrazone, appeared to be 
1 . 

our purpose. \ 

W!th th!s in mind, " "" model system was l'vestig 

Methyl pyruvate reacted h ethyl hydrazinoa etate 
, 1 -

fom 

the corre.pondinq hydrazon (16'3) as a SOlid! ith m. 

1ts 1.r. spectrum showed e Fer carbonyl abso tion b 
,-1 " , 

1750 and 1725 cm and a C N absorption pea 
1 

1t8 n.m. r. spectrum .howe~ a mUltip.l_et at If' fo the NH 

r, 

\ 
-- , 

\ 

-Î 

.! 

-1 
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proton 

(log e: 

nd theou.v. spectrum'showed an absorption at 275 nm 
"Ii. ï. , 

Intr~olecu1ar èyclization of the hydràzone (163) using 

methanolic sodium ~~thoxide, under refluxinq condit~ons for" 
, . 

2 hr gAve the 4-hydroxy py:razol-~ (1,64) in 33\ yield. Its u.v'" 
. . 

spectr'um sh?wed the typical 4-hydro~ypyrazo1e chromophore,l 17 

having Àmax at 227 (~og'e: 3.74) and 276 nm (log E 3.67) in . . 
O.lN Bql ~nd \l\ax at 239 (log e: 3.79) and 319 nm (109' 6: 3.90) 

'in O.lN NaOR. The abovè bathochromic shift is due to the 
, 

formation of ,~he enolate ion. Its i.r. spectrum in ch1oroform 

showed two ç~rbonyl'absorpt~on bands at 1120 and 1690 cm-l, 

.. 

which provided evidence for a keto-anol equilibrium in chloroform 
.; .~ 

'solution! 11 Furthermore, the mass spectrum 'displayed the, ' 

cha~acteristic McLafferty .rearrange~nt for a 4-hydroxy pyrazole~5 

'l'he elimination of the Methanol was. assumed to proceed via a 
, ' 

favorable 6-membered transition state as depicted below. ,This 

was also supported by a metastable peak at mIe 98.5 which was 

calculated from lS6~124. The ab~ve, spectra~ characteristics 

... 

" 

,', 
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of the ~ydrazone and the 4-hydroxy pyrazo1e will be quite 

usefu1 during the synthesis of 2'-epi-pyrazofurin A. 

mie 156 mie 124 

In a direct applicÀtion of the &bove model ~tudies to 

-,. 
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our scheme, the keto éster (137) waa treated with ethyl 

hydrazinoacetate hydroch1oride and sodium Acetate in aqueous 

methano1 at room temperature't~ qive an oi1y hydrazone' (165,166) 

in 88% yield after purification on silica gel plates. This 

,compound showed the i.r. absorption bands at 1675, 1715 (C-O), 

and 1590 cm-1 (c.~) and a character1stio u.v. absorption at 

\nax 287 nm. In the n. m. r. spectrum, the NH proto,n resonan~e 
, ' 

appeared at ô 9.15 and 9.50 in a ratio of 1:1. This fact is 

(165 ), 

O"H 
~CHac.o9Et, _ 

(166) 



1 

an indication of the presence of qeometrical isomers!OS 

, L~wer field resonance of the NB proton at ô 9.50 in the 

70 

syn lsQmer (165) ls to be a~tributable to deshieldinq effect 

of internal hydr'oqen bondinq!05 All attempts to separate 
, 

these qeomet;ical isomers were unsuccesful. 

Without,separation of the mixture of qeometrical isomers, 

the hydrazone (165,166) wa_s treated with sodium ~ethoxide in . "i 

\ t, 

~ilinq méthanol for 2 hr. 'The n.,m.r. spectrum of the cr~de 

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

spectrum showed very weak bathochromic shift from acidic to 

alkaline, solution. 

. 
'. 

Only a trace amount of the 4-hydroxy pyrazole (167) was 

isolafed br chromatography on silica gel plates. Its u.v. 

spectrum showed Àmax at 228 and.27a nm O.lN Hel and Àmax at 

235 and 323 nm·in O.lN NaOH, which was definite pro~f for, ;he 

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

'isolated. 

We mentioned briefly that sterie effect in the substituent 

, R of the keto ester miqht control the ratio of q~ometriçal 

~~', , 
1 

-, 

r, ' 

, 
: " 

T" • . ' ,. 
.~~ ___ .JII,l;;:.<j 
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isomers of the hydrazone. We therefore tho~ght ,that. 

, introduction of the bu1ky pro,tecting group into 2' -hydroxy 

group qf the sugar might cause the syn iSQmer to pred?minate 

owing to additiona1 steric factors. It was ,decided to use the, 

tert-buty1dimethy1si1yl protected k~to-e$tèr (128) instead 
"1 " 

of the methoxymethy1 protected keto ester (137). 

Condensation of the keto ester (128) with ethy~ hydrazino­

acetate hydroch1oride and sodium acetate in a9ueous methano1 
l ' , 

gave an oi1y hydrazone (168,169) in 72% yield'after purific~tion' 
, . 

on silica gel. plates. Accordinq to the n.m.r. sp~ctrum, the 

NB proton appearad at ô 9.30 and 10.36 in a ratio of 1:2, 

which indicated the presence of geometrical isorners with 

predominatinq syn isomer (168) as expe,cted. 
'-. 

(168) (169) 

Wlthout separatio~ ~f the mixture of geometrica1 isomers 
, " 

'because of close Rf va1u~, in va~ious solvent systems, trea,tment 

of the hydrazone (168,1,69) with sodium tnethoxide in boi1ing 
, ' 

methanol for 4-,5 hr gavé the 4-hyqi,oxy pyrazo1e (170) as an 
, , , 

oil in 20% ,yield after p~ification on si1~ca gel plates 

,. 
, , 

,) 



" 

12 

-
using ethyl ether as eluent. In agreement with the pyrazole 

structure, the i.r. spectrum of (170) showed'stronq absorption 
, ...,. 

pe~s at 1725 and 1690 cm-l in chloroform w~ich indica~ed 

-, keto-enol equilibrium with prevailing enol forme The u.v. 
. ( . 

spectrum of (~70) in ethanol showed À at 230 (log € 3.'72) . max . . 
and 275 nm (log E 3.58) in O.l~ HG1'and Àmax at 243 (log € 

\ 

3'.Sa) and 32·0 nm (log € 3.75) in C.IN NaOH • .... 

(170) (171) 

" . 
The reaction of. the .4-hydroxy pyrazole (170) with methanolic 

" . ~onia at room temperat~e required 7 days to reach èompletion, 

. 'and the 5-carboxamide- (171) was obtained in' 80\ yield. Its 

. ' n. m ~ r • spectrum showed the presence 0 f NH2 protons at ô 6.20 

and the loss of the methyl ester group, which was confirmed 

by the absence of·the carbonyl absorpt~on above l7pO cm-1 in 
. 

the i.r. spect~4 The stronq.absorption owinq to' the carbonyl 

group of amide was observed at 1675 cm-l ., &' , 
Completion of the synthesis of D,L-2'-epi-pyrazofur n à· 

)_1 • 
, then only required removal of the protecting groups from (171). 
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(162) 

, . 

1 

Trea~ent of (171) witn 50\ aqueius 
'. ' , ! 

1 

at roqm temperature, for ,30 min q,~e 

, ' 

, 
trifluoroacetic' ", 

the finaloproduct 
r 

(162) as il crystalline c,ompound, In.p. ,195,-196° 1 in 75% ' yie1d. 

Spectral data and elemel'1tal', analYs'is",~er.e consis,tent with 

~he structure assigned. 'This' èomp9und was fully identified 
\ 

by i ts mass spectt'um. The' '~OlecUlal:"' ion of mie 259 and base 

t f .. __ 
, " 

peak at mIe 156 (B+30) which ls characteristic in C-nuc~eosides 

were observef. The ~mi-n-or'-~on of mIe -24"!;-'and- 22:3 were due to 
, . , 

th~ los~ of one and two moles of water respectively, probably 
, ,6 

from the c4ltbohydrate portion. The peaks" at mIe 140 and 170 
• ~ .. t . , 

corresponding te normal nucleoside fraqmentation reactions' 

were a,lso observed. 
~ . 

" 1 , 
nVe 140 

'1:'\ ' ," 

" . \ 

HO 
H 

mIe 170 
.... 

", 

,"-

. 
" 

~ , ., 

,,-
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Another diaqnostic 
. 

the é1iminat1on of 

fraçnie~t ion was mie 139' whi~h' al::.O$~'L fiom", 
,.. 1.. t,~ ',. , 

NH) fro~ t~e hydroxyca~~ox~d~ 'gràup~nq 

via, a 6-meJnbered transition state~ ~s shown above. ,These· ' , , , 
• " (r 

o 1 • 0 
,fraqIUent ions ara a direct result 

t" , 
of the' juxtaposition of the. 

, . 
, " . 

, , 
" • t " 
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Synthe_ia ot 2-(3a-hydroxy-4B-h~droxy!.thxl-tu~an-1B-yl) 

mal.imide (OeL-2'-daoxyshowdomycin) 

, " 

1S 

In the previou~ chapte: in thie .e~ie8 ~e deacribed routes 
, • -/ r ~ 

,for the stereochemi'cally Qori:trolled synthe.i. ofè funct~z.d 

C-qlyco.ides of'- general' ~~ructure ot (116) which ~~.~ ~aY8 
• to heterocyclic systems. InclUded in the above work wa. a 

facile synthesil of the nucleo.ide 1 1) 1~-2 1 -epi-.howdo~yQin,· 
~ , ,~ -

via the reaçtion of the keto ester w1~h carbaœoyl~~thylene-

triphenylphtlsphoranè fol1owed .l?y deproteetio'n ot ,t,he r •• ultinq 
o 1 > ~ 

, maleimiâ •. This syntbetic route •• eml c4pable pt extension 
'. l" '1" • • 

,to the' preparation ot 0 ,L~2 1 -d'Ox:y.hc)wdo~yci.n t112·). via the 
1 \ ( •• - { 

,co~i~.PQ~din9' react1on' of the .u~t.able le_té) •• t.; ~it~ the • 

i. 

, , ' 

,- " . ... 

'r ~ • • 
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In th!. oh.p~.r, th~ .• ynth •• J.8' ,0(.,0 ïL~2 ~,,",4.~xY8hQwc!omyc·in, 
-'p' f • 
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wh;fh, is based on'a limi1ar reaction schema and in whioh 

alefin ester of type (163) is a key intermediate, will be 

presented. . , 

76 

The most freque1'ltly encountered route for the hYdrationi 

of carbon-carbon double bond with high reqio- and st.r.~~ 

specificities invo1ves hydroborat~on-ox~dation procedure. 
" \ : 

Hydroboration proeeads by Anti-M~ownikoff ci8 addition fr~m 

the le •• hinderad aide of the d(ub~e,bond!l' Sin6e hYdrOborftiqno 

oxidation of the nOrbornene proceeds ~o qive e~o~norborn.o~ 

o almoat exclus~vely ~ 19 this method aeams ~s't appl.f,cable to J 

our 7-oxal;)icyèlc (2.2.11 heptene' sYstem. 
- ~ - ) 

>. HydrQborat~6n o,f. tbe .l(o-n~tro adduct (90) with bora~." 

tetrahydro'furan oompléx and oxidation of the ,rcil.ultinq 

QrqanobQran~ ~ith alkaline hydroqen peroxiae 110 wera 

, unsatisfacto,ry. 

However, hydrobor.tion of (9Q) with aiborane in 
, .. , 

, , , , 

hydrofuràn at-Qo, followed by oxidation with triethylam n4 

N-oxide dihydrat. ,in reflux~n9 tetrahydrofuran as repo ted 

. by Kabalka}11 r~.ult.d in the formation of the 1some le mixture­

'of the alçohol. (173,174) in 42' yield after chroma oqraphy 

on_ si1ioio a,cid. 'Itl, n.m. r •• pectrum .how~d two • Arp lingletl 

around ~, 3.70 which eould be •• siqned to the methyl •• ter 

group. The •• two .inqleta of th. methyl •• ter qroUp i~dicat.d 

th. pre.enoe of a Jn~xtur. ot two ilomera, The n.m.r. Ipeetrum 

of a numQer ot titore, polar unidenti'fied' produeta contained two 
" ~ 1 • 

, ' , 
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H~I 
~OOCHI 

. \' 

+ 

(90) (174) 

.et. ol doublets tor a vinyl p~oton at ~ 6.92 and 7.03 

which must 'arile trom the nitro~1 acid el~ination product 

caused,by triethylamine generate~ i~.th. r~aetion. No purè 

:cempound was isolated~ Although Kaba1ka et al!2~ obtained 
,~ 

,.~ . ~ . " 

be.t resu!ts in diglyme or xylen., no improvement of yi81d. 

ot the aloohol wal made in our cal •• 
~ " • 11 - • 

Sinee h~droqen pe~ide oxidation praeeed. with elean 

retentien of conf1gura~ion of the orqanobOrane~22 we can 
. ' , 

f ' , "\ 

predict that' the a~oV. ~xidation will, take the lame course . . 
ta', qive exo configurat.:J,Qn Of aleoh9l. Inde.d; the structure 

1 

ot the reaction produets are fully in accord with thi. 

prediction. 
• 1 

The relultinq isamerie alcohols (173,174) eould not_be 

•• ,parated by either di.tillation or chromatog'raphy., ~7itho~t 

leparation, direct acetylation ot the alcohol u.inq acetic 

anhydride' and p-toluene.ulfonic acid monohydrate afforded , 

the acetate. (175,176) in qood yield. All attempt. ta s.parate 

bot~omeric acetate. fai'led. It i. intere.tinq to,note 

,1 

, j 
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her.e that, &cetylation ",ith ac,etic anhydride in pyridine was 

unsatistac~or~ as already mantione~ in chaptar I. 

\' 

(175) 

A.~ . 

~ooeHI 
(177) 

+: Ao 

+ 

NO. 

, .. 

. (176) 

OOCH j 

(178) 

In the hope that two,iaomer. miqht be separated at the 

. naxt .ta9'e, t'he scat_te. (·175,176) were treatad ,with DBU in 
1 , 

methylene 'chloride under re~lwc tor 1 hr to g.i.ve the olefin . 

e.terl (177,178). ·The produQta conaiated ot 4 1: l m1~ture 

ot ilomera according to the n.m.r. spectral data. Two doublets 

(J-2 Hz) ~avin9 halt a proto~ intenaity each were~found at 

d 6.92 'and 7.03 for the vinYl protons. Once 49'ain, the two 

isomer, could not be .eparlted. 

The above synthetic route wa. re~eat.d starting with 

the endo-nitro ,adduct (91). Hydroboration ot (91) and 

oxidation of the re.u1tinq borane with triethylamine N-oxida 

dihydrate; under conditions identica1 ~o those de.c~ibed 

above, gave the :Llomario aloohol. (179,180) whioh were obtained, 

in 46'. yield after column ohromatography on .ilioic acid • 
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(91) 

Ao 
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,. ._-' _ ........ _ .. ----
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" 

---~-OOCH. 

O~CHI 

'(182) 
Il 

+ H 

+ Ao 

,. , 

(180) 

. NO. 

(l'Sl) . 

- 1 

Without s.paratio~ ot the isomer. the mixture ot eh. 
alcohola was converted into· the acetate. by reaction with 

acatic anhydride and ·p-to1uenesu1fonic' acid monohydrate in . . ~ 

82' yield. Both i~omera were found in approximately .qual 

79 

amounts. ~his conclusion was oasad on the n.m.r. spectral 

data whera the acetate protons of isom~rs had different 

chamica1 shi ft at 5 2.00 and' 2.03. This oQservation indicater 

- that hydroboration of the olef~n l.d to a SO:SO dist:1bution 
1 

of ilomeric boranes •. .. 
lt wa. pOlsible to' separate the two isomars ?y'frac~ional 

. , 
cryltallization from hexana-carbon tetrachloride. One isomer, 

m.p. 113-114°, wa. 1ater'!dentitied to be the S~etate (181) 
1 

.nt! the other, m.p. 67-68°, to 'ba the 6-acetate (182). At 
" 

'~ 

, ' 
..... 'p; • ~ 
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r , 

this s~aq~, we ~ere.unable to confirm,the struoture byn.m.t.:' 

spectroscopy. ~he~ef9re, we continued the ne$t s~u.~pe of 

ou~ _ynthe~ic route. 

Elimination of nitrous' acid. from the S-:-acetate :(1S'd,) by 

rneans of 1,S-diazabioyc10 [5.4.0] ùndec-S-ene in refluxing 

methy1ene ch10ride ~ave the 2 ... acetai:e olefin ester (183) 

i~ 91% yie1d. Usinq the same conditions as above, nitrous 

acid elimination fram the 6-acetate afforded, after 

chromatoqraphy, a qood yie1d of- tpe 3-acetate olefin ester 

(184). Both isomers had virtu~lly identica1 i.r. and mass 
• , spectra but. different l'1.m.r •. spect:a. The assignments for . 

èhe ièomers (183',184) were based on the n.m.r~ data for these 
" 

eompounds • 

. ~ Ao • 
!J, . . ' 

, O~CHI 
Ao 

., 

OOCH, 

(183) (184 ) 

, ',: In ,the n.m.r. spectrum of, the 2-acetate ,(183) (see Fig. 3),' 

the.C·4 proton gave· a4oUb1et at ô 5.16 (J-4 Hz) due to 

cQuplinq with the,C-3,exo proton. A doublet fpr the C-6 proton 

at ô 6 .. 92 resulted f·rom J 6 1-2 Hz. Oeç:Ouplinq of,·the C-6 proton 
, ~ l, -, 

readi1y allowed identification of the'C-l proton at:ô 5.00 

. , 
, " 

~ 

• 1 



( 

, c 

·C) 

'(J·2.HZ) beoause irradiati6n 

proton co~lapsed the doublet 

sinqlet. The C-2 proton siqna 

of doublets with J2,3endo.6 H 

AMX)~ The C-3 proton appeared . 
1.73-2;20. Remaining tW? ë~nq 

acetyl protons were found at 

,', In the case of the 3-aee 

81 

f the dOublet for the C-~ 

or the C-l proton to a 

was ~plit into a doublet 

and J2,3exo.2 Hz (X part of 

as a eomplex multiplet at ô 

~ .' -êts for ~he carbomethoxy and 
\ 3.70 and 2.03 resPFctivelY. 

ate (184) (see ,Fig. 4) 1 a 

sinqlet for the C-4 proton 00 rd be e~pected sinee there , 

i$ no cduPlinq between the C- proton and C-~ endo proton. !n 
, 

fact, a one-proton singlet ov rlapped with a Q~e-pr~ton 

multiplet at ô 4.90-5.10. lrr of the multiplet collapsed 

a doublet for the C-6 proton t ô 7.03 (J-2 Hz) to a singlet. 

Therefore, it was obvious tha a singlet arose from the, C-4 
r 

proton and a multiplet from t e C-l proton whieh eoupled with 

the C-6 and C-2 protons. Like endo,proton in the 

2-aeetate, the C~3\endo proto showed a doublet of doublets 

with J3,2endo·6 Hz and 

The separation of 

olefin ester (lB3) was 

~ 

ers and the synthesis of the 

ep toward a keto ester as shown 

'in chapter II. Our approaeh so far provided an unarnbiquous 

synthesi~ of the desired olefi est~r (lB3) where the acetate 

g;,oup at C-2 position had exo onfiquration. 

Since we suceesfully ~t esized an analogue of showdômyei.n 
" 

-( 2 '-epi-showdomycin) , to follow a similar scheme to 

. ' . 

- -
___ ~ ___ .... ~_ ~ h,,,..., -~ ... "_ "7""'_~W- - .. ~, -... :~" =" 

-, 
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Fig. 4. The,n.m.r. spectru~ of compoUnd (184) in CDCl3 • 
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synthesi~e 2t-deoxysh~waomycin. 

020801ysis of the ol~fi~~ster (183) in me~1ene chloride 

at low temperature, followed by mild reduction with dimethyl 

sulfide, afforded the crude a1dehydo keto ester (l8S); Its 

n.m.r. spectrum indicated the presence of the open forro (l8Sa) 

and the hydrated forro (l85m) in 'a ratio of 1:3. 

AC~ _ 

~OOCH. , ( 

~
OCH! 

OH ' " o 

, 

AcO 

(183) (lSSa) ( 185b) 

'Sinee we knew that th~re was no,selectivitr in reduetion . 
of the aldehyde and the ketone group from our previous 

experience with (122), the a1dehydo keto e~~er was treated with 

4 equiva1ents Of l'ithium tri-tert-butoxyaüÙIninum hydride in, . . ' 

tetrahydrofuran a,t 0° for 4 "br to give the, dio1 ester. (186) 
, 

in 62% yield after column ehromat~graphy on si1icic acid. 

The struèture of th~' diol ester was co'nfirmed 'by acetylation. 

Elementa1' ana1ysis, n.m.r., and mass speetra of the triacetate 
~ 

(187) fully supported' that~structure. ~ 

Selective si1y1ation of the dio1.ester (186) with one 

uivalent of tert~butyldimethy1sily1 chloride and imidazole 
..... 

n 

n dimethylformamide ~t room temperature for 20 hr prov~ded 
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the hyd'~6~y' es~er ·(laS) " in' .1'% yi~ld 'afte~ pUrificat,ion by' 

column 6hromatography on ai1i"cic', acJ.d. 

\, 
L 

(l86) R=H , (188) 
o 

(187)' R-Ac 

Our original plan was to oxidize the hydroxy ester to the 
, 

correspondinq keto ester ~~ then treat the latter w~th , " 

carbamoy1methy1enetrLpheny1phosphorane. 

Several different methods were examined for the oxidatlon 

of-thé hydroxy ester (188) ta the keto ester," methy~ 2~(3a";';'" 
, , 

. aoet9xy-4S-tert-butyldimethylsilox~ethyl-furan,-16",::yl) " 

glyoxy1ate (189). Ruthenium dioxide-sodi~ perioda~e method 
t ' 

which was succesfully use~.in t~e previous series fai1ed. 

Using dimethylsu1foxide-dicyc;l.ohexY+ca~b~diimid'e (DMSO-DCC) 

with dichloroacet,ic acid as the proton source~~2 the hydroxy 

ester was cQnverted te t~e k.ete ,~ster'. ~189) in low yield 

wi tHin -1 ,hr at roem temperat·u~e. The ·cr.~de prod~ct contained',' 

some dicyclohexy1~rea and dicycloacetyl-N/N'-dicycloh~xyluréa, 

bo'th known by.~products of th$ pxidation re,action usi~-g 
, 

dichloroacetic acid. No attempts to remove the by~product:s, 
" 

l, \ ~ 

,,' . " -

" 

.. 
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were,made be9a~se'Ot the known instabillty of the a-keto 

ester!i'. The proot, of the str~ature of the keto ester (l:8~) 
'. ,II 

was accomplisned by direct condensation of the crude keto. 

este~ with carboethoxymethy1enetrlpheny1phosphorane in rnethy1ene 
.-

çhloride at room temperature for 2 hr and obtaining the maleate 

(190) in 44% yield. The maleate (190) was considered to have 
- ' 

the cis diester structure by analogy with results, with othèr 

workers~9,40 T~e n.m.r. spect~um of (190) showed a doublet 

.at ô 6.03 (J=2 Hz) for the vinyl proton whi~h coupled with 
, , 

the C-l' proton. 

COOEt 

+f'O .. 
H 

~ 

(190) . , 
" . 

(189) ........ 0 

+'10 
' . , 

, 

r")' 

(·191) 
" , 

Beoause of the' low yield of the ke~o es~er, another ',. 
, .i ... 

oxic:lation method was invèstJ.9'ated. Nhen the oxidation of, the, " : 

hydroxy ester'<iS9) :vtas car~ied out. us.i~~ ,d~~ethY~.SUlf~;(ide"~·, : ' .. 

" , 
, 'f 

" , 

"t . -" 
l, 

, 

> 
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. , 
, acetic anhydride 12 3 at room tempefrature overnight, better 1 

l , 

t'esults were obtained. Without any purification the resultillq , .' 

" , -

keta est$r (189) g4"e u~on' cçndensation with' C.àr.boethoxY- " 
, . , ' , 

methyienetriphenylphosphorane the corresponding'maleate (l~O' 
, .. , . -. \ 

in r 'leld. Th~s compound was, identical in all respects 

wit ~ compound 6btain~d .from'DMSO-OCC oxidatiop and 

condensation of. t;h~, above phosphQrane. ' " 
" ' 
! • - , 

'The keto ester (189) obtained b~ oxidation with dimethYl-

sulfaxide~acetic ànhypride was ~reated with 1 equ~valent of 

carbamoYlmethylenetriphen~lphosphorane in chlbroform at room 

temperature for,2 hr. The reaction gave a single major product 

toqether with a considérable amount of'polar products. By 

chromatography of the produc~s on si~ica gel plates, -the 
~ \' , 

m~leimide (19l) was isolated in an overall.y~eld of 38% from 

tl1e hydroxy ester (188). ,In aqreemen~ 'wi th the male,;i.mide 

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

characterist'ic for the. male imide chromophore at 222 mu in . 
ethanol. The i.r. spec~rum $nowed a broad absorption at 3420 cm-l' 

(NH) and the typica~ absorptions' at 1780, 1740; 1725,"and 
-1 " . . 

1655 cm (C=O 1 C=Cr. In the -mass spectrum the major peak was ' 

+ epund at mie 312 ('M -C (CH3) 3). The n.m.r. spectrum displayed' a 
'. 

sing;Le NH proton at 6 8 <,20 and a vinyl proton at ô 6".55.' 

.T~e protected 2'-deoxyshowdomycin (191) was subôected to 

treatment with O~lN methanolic hydrochloric acid at room 

temperature for 26 hr to remove the acetyl and ~iryl gro.ups. 

! 

" 

1 1 
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(172,) 
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\ 
" \~." ' 

'. 
,-

Subsequent purifi?ation by a ool~.of 9'iliçio acid using 

aceton,-ethyl acetate (,3: 7) led to crystalline D~L-2' -deoxy-, 

shot:,domy<;ip. '(172~, ~,.p.' 122-124°, in 68'~yield. Kalvoda 39 and 

Nakagawa et al~6 used the sarne conditions to remoye the acetyl 
Q • 

1 • 

groups of, 2 ' ,3' ,5 '-tri-O ... acetyl-showdomycin. The mass spectrUm 

, , 

clea.rlyindicated the complete removal of the pro~~cting groups. 

'Molecular ion was f9und at mie Z13 (M+) and major fragment 
" . 

.. dorrespondi,ng to loss of water from the mo1ecular ion at, mie .. ' 
" . +' ; , " ',' 

195 (M -H2~). The u.v. spectrum show~'d an absorption at 222 nm 

(l~g E> 4.18) 11ke, showdomycin, and 2'-epi-showdomyc'in and the 

mo1ar extinction coefficient was a1so in accordance with the . ~ () , 

khdwn axampl~~.' t~us confirming t~e 'structure of th~ aglyco~, 

'moiety of (172). Furthermore, th~ elemental anàlysis confiim,ed 
" . 

thé ',P?rity of the final product. 

!l'hè synt.h~tic ro~te described seems to he qui te simple . 

and straigh.t;o~arQ. Therefo17e, the p,resent method would 

appear' to' offer ~n interest.i.,ng' route 1:0 an~logues and homologues 

of ~".hoi;~omycit}., ay èxt.n's'ion of 'b-he "above work to the pr:èparati-on 

" 
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( of other type of 2-substituted carbamoylmethy'lene ylides it 

would appear possible to dev~lop syntheses of various 2)3-, 

substituted maleimides . 

• 

... 
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Contributions to knowleqge 

" 
[ 

The equi1ibration of the isomeric 2-carbomethoxy-3-nitro-

7-oxabicyc10 [2.2.1] heptenes was acèomp1ished. The tert-buty1-

dirnethy1si1y1 group as a selective protecting group for the 

primary hydroxy1 group adds great versatility to the avai1ab1e , 

protecting groups for C-nuc1eoside synthesis. 

Synthetic routes for the stereochernica11y contro11ed 

preparation of functiona1ized C-g1ycosides, the keto ester 

(128,137,189) and 2,S-anhydro-O,L-glucose (144), which open 

pathways to heteroCyc1ic systems, were deve1oped. Facile 

syntheses of D,L-2'-epi-showdomycin, D,L-2'-e~razofurin A, 

and D,L-2'-deoxyshowdomycin were accomp1ished from the keto 

esters. Va1uab1e intermediates for the synthesis of C-nuc1eosides 

were prepared. 

The info~ation obtained from the mass spectra of the 

above c-nucleos~es wou1d be usefu1 for the structural 

e1ucidation of c-nuc1eosid~tibiot~CS. 

Many new compounds were prepared and characterized. 

-~-----
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Experimental Section 

Melting points were determined on a Gallenkarnp block 

and are uncorrected. 

N.m.r. spectra were obtained on a Varian T-60 or 

HA-100 spectrometer with tetramethylsilane as an internal 

standard. Chemical shifts are reported in parts per million (6) 

and signals are described as s (sin~let), d (doublet), t 

(triplet), q (quartet), and m (multiplet). Values given 

for the coupling constants are first order. Hass spectra 

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

-direct sample inlet system with 70 eV ionization energy at 

the~indicated ternperature. I.r. spectra were obtained on 

a Unicam SP-lOOO or Perkin-Elmer PE-257 infrared spectrometer. 

U.V. spectra were recorded using a Onicam SP-800 spectrometer . 
• Q 

Analytical thin layer chromatography was clone using 

silica gel coated pl~stic plates (Eastman Kodak) and preparative 

thin layer chromatography using 20x20 cm glass plates coated 

with a 1 mm layer of Brinkmann HF254 ,366' Noelm alumina 

(act'. III) and silicic acid (act. III) were used for column 

chromatography unless otherwise speciffed. 

Elemental anlayses were performed .by C. Daessle, t10ntreal 

or Heterocyclic Chemical Corporation, Missouri. 

t, 
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Chapter l 

Methyl S-nitroacrylate (89) 18 

To a solution of methylacrylate (86 9, l mole) and iodine 

(254 g, l mole) in ethy1 ether (1000 ml) at 0° was introduced 

nitrogen dioxide (46 g, 1 mole) over a period of 1 hr under 

nitrogen. The reaction mixture was stirred for an additional 

" 2 hr under nitro~en. The ether solution was washed with a 

saturated sodium th~osulfate solution, aqueous sodium bicarbonate, 

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

left 168 q of methyl 3-nitro-2-iodopropionate as a brown oil. 

Without purification, this compound was directly used. To a 

stirred suspension of anhydrous sodium acetate (53 g; 0.65 mole) 

in ethyl ether (0.5 1) was added dropwise methy1 3-nitro-2-

iodopropionate (168 g, 0.65 mole) ~t room temperature. The 

reaction mixture was refluxed for '1 hr. Filtration of sodium 

iodide and evaporation to dryness left a dark brown oil which 

after crystallization from methano1-ice,afforded 65 g (75%) 

of (89) as a yellow solid with rn.p. ~6-38° (lit. 38°). ,. 

l • r. (neat): 1730 (C-O), 1540 (N0
2

) , 1645 cm -1 (C.c). 

N.m.r. (.CDC'l3): ô 3.91 (s, 3B), .7.15 (d; ,lB), 7.80 (d, lB). 

, Cl 

, 
I! 

: 1 
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l ' 
2-Endo-carbomethoxy-3-excl-~itro-7~o~abicyclo [t.2;ll, h,pt-5-

ene (90) and ,2-exo-carbomethoxy-3-endo,-n,i tro-7 -oxabicyclo 

[2.2.1] hept-S-ene (91) 

A mixture .o~ methy1 S-nitroacry1ate (89) (131 g, l~ole) 

and furan (272 g, 4 mole) was stirred Gvernight at room 

temperature. EvapOration of excess furan gave 189 g (9~%) of 

the \isomeric mixture (90',91) as a ye110w oil. 

One isomer, the endo-nitro adduct (91), was crysta11ized 

from ethy1 ether, giving 113 9 (56%) with m.p. 66-67°. 

I. r. (KEr): 1730 (C=O), 1540 (N0 2), 870 cm -1 (C-N). 

'1 

ô 3.23 (d, lB, J 2 ,3=2 BZ" H-2), 3.82 (s; 3H,'lOCH3), 

5.39 (d, lB, J l ,6=2 Hz,- B-l) , 5.43-5.70 (s+m, 2B, 

H-3, H-6), G.40 (dd, lB, J 6,s=6 Hz, J 6 ,1=2 Hz), 

6.76 (dd, lB, J S ,S-6 Hz, J S,4::,2 Hz). 

The filtrate contaminated with (91) was concentrated to 

dryness. Chromatoqraphy-'of the resl.due on a co1umn of si1icic 

acid using ch1Qroform gave 57 g (29%) bf (90) as an oi1. , 

I.r. (neat): 1735 (CaO) 1 1525 (N02 ) , 870 c~-l· (C-N). 

~ 

N.m.r. (CDe1 3): ô 3',75 (s, 3H, OCH 3 ), 3.90 (dd, lB, J 2 ,1-4 Hz, 

J2,3-2'BZ, H-2), 4.82 (d, lB, J3,2-2 Hz, H-3), . 

) 

5.32 (~', 11f, Y1,2-4.HZ, B-l), 5.50 (s, lB, H-4), 

6.55 (b.s, ~H/H-S, H-6). 

o • 

k: 
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S-Endo-ca~bomethoxy-6-exo-nitro-2,3-exo-epoxido-7-oxabicyclo 

[2.2.11 heptane (94) 

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

çhloride (50 ml) was added dropwise a solution of aSi 1 
m-chloroperbenzoic acid, (3.66 g, 17 mmole) in met:tylene chloride 

(50 ml). Stirring was continued for 2 days at room temperature. 

The reaction mixture was washed with 10% sodium sulfite and 

Si sodium Qicarbonate selution, water, and finally with brine. 

Drying over.sodium sulfate and evaporation gave 2.44 g (74.4%) 

of (94) as an oil Which was crysta~le~ 
1 

/ 
i, 1. 
1.-- \ 

; 

1 
,1 ) 

k-- -1 I.r. (KBr): 1745 {C-O), 1550 lem (N02). 

from Methanol, 

N.m.r. (CDC1 3):, ô 3.46 (g, 2H~ J-4 Hz, H-2, H-~), 3.82 (s, 3H, 

OCH3J 1 4.00 (q, lH, J-4 Hz, fi-S), 4:76-5.03 

(m, 28, H-4, H-6) , 5.10 (s, IH, H-l). 

or Mass (110°): mie 215 (M+), 169 (M+-N02) ,109 (M+-COOCH3-HN02). 

Anal. Calcd; for CaH9N06: ~C, 4~·.6S~ H, 4:17; N, ,6.51. 

Found: C, 44.661 B, '4.34; N, 6.68. .. 

(b) A mixtu~e of. (90) (199 mg, l mmo1e) and 30% hydrogen 
(, 

pè~oxide (0.9 ml) in 98\ formic acid (5 ml) ·was stirred 

'OVt,9'ht at .s0· and evaporated to drynéSS. The residue 

_ va dissOl~ed.~n C~lorOf~rm. va~hed ~ith O.lN sodium 

bic ~nate solution and with w~ter, dried and evaporated. 

r, 
1 , 
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The residue ~s purified by 

plate using ~snzene-ethyloacetate (1:1), 

(94) as an 011 which was cryst~llized fr 

m.p. 109-11~0. The spectral d~ta (i.r., 

identical with those of the product 

e 
s-Exo-c rbomethox -6-endo-nitro-2 

[2.2.1] heptan~ (9~) 

'1'0 a solution of (91) (2.02 g, 10 

chloride (40 ml) was added by protions a 

chloroperbenzoic acid (2.49 g, 14 mmele) 

(40 ml). The mixture was stitred for /2 

Excess peracid was then destroyed by ad 

sulfite. solution. The organic phase was 

sodium bi~~~~a~e and water and dried 

Solvent rémb~a.l.léft an-oil whic~ was 
...,. ~ "" } 

ether. Redrisia~ation from chlorofo . . 
(60%) of (95) with m.p. 100-101°. 

j " 0 

I.r. (KBr): 1740 (C-O)\ 1550 cm-l (NO ). 

&11ica gel 

c;J 71 mg of 

hanol with 

, m. s.) were 

s abovd. 

95 

o-7-oxabic c10 

ole) in methylene 

tien of 85% m-

ethylene chloride 

t room temperature. 

n of 10% sodium' 

ed with 5% aqueous 

magnesium sulfate. 

llized from ethyl 

" ~ N • m. r • (CDC 1 3): ô 3. 3 0-3 • 6 a (m, 3 H , 2 , - 3 1 H - 5) 1 3. 80 ( s, 3 H , 

~ OCHj), 4.80 (s",' lB, 4) ,14.88 (d, IB,o Jl,6-s Hz, 

a-l), 5.42 (q,' 4 H" H-6). . ,0 ~ 
Mass (130°): mIe 215 (M+), 184 (M+ -0 H3) 169 (M+ -N02) , .1~9·' / 

1 

+ CM -COOCH1-HN02) t' 

1· 

'1 
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Anal. Ca.1cd. for C8H9N06 : CI 44.651 H, 4.17; N, 6.51 •. ) 
û 

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

,96 

S-Carbomethoxy-2,3-exo-epoxido-7-oxabicyclo (2.2.1] hept-S-
, 

ene (96) 

A solution of (9S) (319 mg, 1.48 mmole) and DSU (281 mg', 

1.77 mmole) in methylene chloride (10 ml) was ref1uxed for • 
40 min. The mixtûre was diluted with methylene chloride, ~.,ashed 

with O.lN hydrochloric acid three times, water, and évaporated 

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

a column of silicic acid using chloroform. Crystallization of 

the major product from carbon tetrachloride-hexane gave 152 mg 

(61%) of (96) with m.p. 76-77°. 

I.r. (KBr): 1700 (C-O) , 1595 cm-1 (C-C). 

N • m. r . ( coç 13): 6 3. 4 8 ( d, IH , J= 3 • ~ a z, a - 2 ( 3) ), 3 • 62 (d , lH , 

J-3.S Hz, H-3(2», 3.75 (s, 3H, OCR3), 4.88 

(d, IH, J-2 Hz, a-l), ~.oo (s, lH, H-4), 7.26 

(d, lH, J"!,2 Hz, H- 6)'. 

° + +' +-Mass {120 }: mIe 169 (M ), 153 (M -CH3) , 139, 136 (M -CHfOH? 

An'al. Calcd. for CsHe0 4 : C, 57.14; -M, 4.80. 

Found: C, 57.37; H, 4.85. 

1 

Using the sarne conditions described above, (94) ~s transfarmed 

to (96) identical in all respects with the compound obtaine~ 

fram (9S). 
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5-Exo-6-endo-dihydroxy-3-exo-nitro-'-oxabicyc10 [2.2 .. 1] 

hei'tane-2-endo~carbo?CY1ic acid y-1actone (97;) 
i 

" 
A so1uti<i)D of (94) . (3.12 g, 15 mmo1e) in acetic acid 

. 
(20 ml), hydroch1oric acid (10 ml), and water (10 ml) was 

97 

heated at 90-95 0 for 2 hr. After cooling to roo~ temperature, 

the solvents were evaporated in vacuo to dryness and the 

residue was coevaporated with ethanol. The black residue 

was dissolved in hot acetone and treated with charcoal. The 

filtrate was concentrated to afford ~yellow oil. Crysta11ization 

fram acetone-ch10roform gave 2.34 q (60%) of (97) with 

rn.p. 170-171°. 

Ll;. (KBr): 3500 (OH), 1800 (lactone C=O) , 1575 "cm-1 (N0
2
). t­

N.m.r. «CD3)2CO): ô 3.36 (~.s,- l~, OH), 3.63 (d,' lH, J 2 ,1=5 

_ B - 2), 4. lO ( s, lB, H - 5), 4. 63 (d, IH, 

J 6 ,1=S Hz, H-6), 5.25 (~, la, H-4), 5.33 

(s, IH, a-3), 5.60 (t, la, J-S Hz; H-l). 

Anal. Ca1cd. for C7H~06: Cf 41.79; H, 3.481 N, 6.96. 

round: C, 41. 66; H, 3. 75; N, 7.17. 

! 

Hz, 
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S-Exo-acetoXY-6-endO-?ydr9Xy-3-exO-ni~ro-~oxabicvclO [2.2.1] 

hePtane-2-endo-carboxylic aci~ y-lactone (102) 

.. 
A mixture, of '(97} (165 mg) and acetic anhydride (2 ml) 

containing' one equiva1ent of p-tol~enesulfonic acid monohydrate 

was stirr~d at room temperature for 30 min. The resulting so1id 

was co11ected by zi1tration and washed with co1d water to ~ive 

139 mg (70%) of ana1itica1ly pure ~102) vith m.p. 198-200° • 

·I.r. -1 (KBr): 1800 (lactone C=O), 1745 (C=O), 1560 cm (NOi) • 
.. 

N.m.r. (DMSO-d6): ô 2.08 (s, 3H,COCH3), 3.62 (d, lH,' J6,1a5. Hz, 

H-6), 4.82 (d, la; J 2 ,1=5 Hz, a-2), 4.98 

(s, IH, H - 5), 5. 36 (s, IH, H - 3), S. 62 (t, lH, 

JaS HZ, H-l) , 5.83 (s, lH, H-4) • 

Mass (210°) : mie 243 + (M ), 196 + (M -N02) , 155, 109. 

Anal. Ca1cd. for c9a9N07 : C; 44.44; H, 3.70; N, 5.76. 

Found: C, 44.24; H,' 3.737 N, 5.41. 

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

oxabicyc10 {Z.2.11- heptane-2-endo-carboxylic acid y-l-actone (103) 

" Il .01 

To a so1utionOo~,(97) (1.0 g, 5 mmo1e) and p-to1uenesu1fonic 
~ ~ 

acid (10 mg) in acetone was added dihydropyran (2 ml). The 

mixture was stirred at room ,temperature for 4 hr and then /' 

ev~porated,':eaVi~g a solid residue. Re~rystal1ization from I~ 

....... -_. - --~ 

" ._~ - ) .. : ~'.'~' ,;; , , 
. ,-
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( 

1 

! 
,1 1 

, \ 

r. 

r: ~ 

0_.4-___ . ______ _ 

99 

acetone-hexane gave 1.21 9 (85%) of (103) with m.p. 123-124°. 

I. r. (KBr): 1800 (lactone C-O), 1560 (N0
2
), 1040 cm -1. 

N.m.r. «C03)2CO): ô 1.57 (m, 6H, (CH2) 3) , 3.33-3.57 (m, 3H), 

3.90 (s,-lH), 4.36-4.70 (m, 2H), 5.03 

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

Anal. Calcd. for C12H15N07: C, 50.~3; H, 5.26: N, 4.91. 

Found: Cf 50.43; H, 5.47; N, 5.12. 
\ 

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

oxabicyclo (2.2.11 hept-5-ene (105) and 6-Endo-hydroxx-3 

exo-methoxy-~-exo-tetrahydrôpyranyloxy-7-OXabicyclO (2.2.1] 

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

(a) A solution of (103) . (336 mg 1 1.18 mmo1e) and DBU (205 mg, 

0.13 mmole) in methanol-Methylene chloride (1:1) (la ml) was -
, ) 

ref1uxed for 45 min. The~olvents were then evaporated and the 

residue was di~solved in chloroform, washed with O.lN hydrochloric 

acid three ti~es and water, dried over sodium sulfate and 

evaporated. The residue was applied on silica gel plates uSing 

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

(70%) of (105) as an oi1. 

-1 1.r. (CHC1 3 ): 3480 .(OH) , 1720 (C-O), 1625 cm . (C-C) • 
~ 

N.m.r. (CDC13): ô 1.6'8 (m, 6H, (CH 2)3),2.70 (b.-s, IH,OH), 

3.65 (m, 2H), 3.76 (s, 4H), 4.25 (d, IH, J-4 HZ),' 
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e. 

4.76 (m, lH), 5.00-51108 (m, 2H), 7.17 (d, lH, 

J .. 2 Hz, 'C-CH) .' 

Ana1\. Calcd. for 9.13HlS06: C, 057.77; H, 6.71. . ' 
Found: -e, 57. 65 i H,: 6 • 58 • 

IJ-

Elution of the minor, 1ess polar band gave 45 mg (14%) of (lOS) 

with m.p. 134-136°. .. 

-1 -
1. r. (KBr): 1800 cm (lactone C=O) • 
. 

N.m.r. (CDC13): ô 1.66 (m, GH), 2.73 (d, IH" ,J-4 Hz), 3.40 

(s, 3H, ?CH3 ), '3.5'0-4.00 (nt, 4H), 4.56 -(d, lH, 

J=4 Hz), 4.67-4.90 (m, 2H), ?.36 (t, lH,.J=5 Hz) • 

+ + 0 Mass (160°): mie 270 (M), 238· (M -~H30H). 
:-""" ~ 1 

Anal. Caiqd. ~or C13HlS06: C,~57.7l; H, 6.71. 

Found: C, 57.82; H, 6.7!. 

(b) A, sOlutj..on of (103) (285 mg, 1 mmo"le:.) and triethylamine 

<i~7 'mg, 1 mmole) in methanol:-methylene chlori'de (1: 1)' (10 ml) 
" 

was refluxed for 8 hr. The·solvents were evapbrated to dryness 
\ " 

and residùe was dissolved in ,chlorofo~ washed with dilute 

hydrochloric aeid and water. The organic phase was dried over 

sodium sulfate and evaporated. Chromatography of the resid~ 

On' a column of silicie acid using chloroform gave _176 mN -

(65%) of (105) as àn - oil. 

o 

, . 
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i 3-Endo-~etoXy-5-FêrbomethOxY-2-exo~tetrah~drOpyranY1oxy-7~ 

oxabicyclo [2.2.11 hept-5-ene (106) 
, i 

A 

, 
'\~ , 

A solution of" (105) (91 mg) ': and acetic' anhydride (l' ml) 
)-

in pyridine (2 ml) was stirred'overnight àt ~oom temperaturè. , 
'The mixture was then evaporated to dryness in vacuo. The 

r- j "'''' 

residue waso disso1ved'in ch1oroform and washea with water. 
, .. 

The dried organic phase was eyaporated apd purified by 

chromatograpHy on a si1ica gel p~ate using ethyl ether, giving 
" .. 

70 mg (67%) of (106) as an oi1 which solidified 'on 'standing ~ 

with m.~. 81-82°. 

I. r. (CHC1 3 ): 1740 (c~) 1 1625 cm -1 (C-C). 

-, 

N.m.r. (CDC1 3): ô 1.69 (m,' 6H; (ÇHt)3)' 1.~,~ (s, )H, CH 3CO), 3.47 

'i lm, lH)'; 3.76 (,+m, 5H),'4.76 (b.s, lH), 4.96-
. 

5.33 (m, 3H), 7.~7 (d, 1H',.:J-2 Hz). 
, ~ 

Mass (145°): mie 312 (M+'), 281 (M+-~CH3Lt 228 '(M+-O(CH2 ) 4CH). 

Anal. Càlcd for e1SH2007: C, 57.68; H, 6.46. ~ 
fil-' • 

Found: C,~.47; H, 6.49. 

, 
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-
S-Carbomethoxy-2-exo-3-~ndo-di-tert-butyldimethylsiloxy-7-

oxabicycl0 [2.2.1] hept-S-ene (110) 

A solution of (105) (1.8 g, 6.67 mrnole) in methanol (10 ml) 

and O.lN hydrochloric acid (la ml) was stirred overnight at 

room temperature. After evaporation to dryness in vacuo, the 

resulting compound (109) was treated with tert-butyldimethylsily1 

chloride (3.04 g, 20 mmole) and imidazole (1.36 g, 20 mmole) in 

dry dimethylformamide (10 ml) at 45° for 24 hr. The mixture 

was evaporated to dryness and the res~due was dissolved in 

,chloroform, washed with water three t~mes, dr~ed over sodium 

sulfate, and evaporated. Chromatography of the r€sidue on a 

column of sil~cic acid using hexane-methylene chloride (2:3) 

. gave 1.14 9 (41%) of (110) as an oil which solidified on 

standing with m.p. 90-91°. 

, . 

1. r. -1 (KBr): 1738 (C=Q), 1630 cm (C=C). 

N.m.r. (CnC1 3): é 0.'10 (s, l2H, 2Si(CH 3 )2)' 0.83 (s, 9H, C(CH 3 )3)' 

0.90 (s, 9H, C(CH 3) 3" 3.54 (b.s" IH, H-2), 3.64 

(s, 3H, OCH 3), 4.0r (d, lH, J 3 ,4=4 Hz, H-3), 

4.62 (d, lH, J l ,6=2 Hz, H-l), 4.85 (d, lH, J 4 ,3= 
CI 

4 Hz, H-4), 7.02 (d, lH, J 6 ,1=2 HZ., H-6). 

Anal. Calcd. for C20H3S0SSi2: C, 57.97; H, 9.18. , 

Found: C, 57.88; H, 9.21. <" 
• 
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5-Ca~Romethoxy-2-exo-3-endo-diacetoxy-7-oxabicyclo [2.2.1] 

hept-5-ene (lll) 

After hydrolysis of the tetrahydropyranyl ether (105) as 

prepared for (110), the resulting diol (109) (76 mg) was 

stirred overnight at room temperature with acetic anhydride 

and pyridine. Following evaporation the residue was 

chromatographed on a silica gel plate using methylene chloride. 

Crystallization from hexane-carbon tetrachloride gave 80 mg 

(73%) of (Ill) with m.p. 78-79°. 

1. r. -1 (CHC1 3 ): 1755, 1735 (C=Q), 1625 cm / (C=O). 

N.m.r. «CD3)3CO): ô 1.98 and 2.14, (s, 38, each, COCH 3 ), 3.77 

(s, 3H, OCH 3), 4.63 (b.s, IH), 4.96-5.37 

(m, J'H), 7.28 (d, IH, J 6 ,1=2 Hz). 

Mass (120°): mie 270 (M+), 239 (M+-OCH
3
), 227 (M+-CH

3
CO), 167, 

127, 102, 43. 

Anal. Calcd. for C12H1407: C, 53.33;H, 5.22. 
" 

Found: C, 53. 62; H, 5.43. 

J., - .. 
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5-Carbomethoxy-2-exo-3-endo-dipivaloyloxy-7-oxabicyclo 

[2.2.1] hept-5-ene (112) 

The crude diol (109) (155 mg, 0.83 nunole) was treated 

with pivaloyl chloride (1 ml) and pyridine (2 ml). The reaction 

mixture was stirred overnight at ambient ternperature and 

evaporated to dryness. The residue was dissolved in chloroform, 

washed with O.IN hydrOchloric acid and water, dried over 

sodium sulfate. After solvent removal purification of the 

residue by chromatography on silica gel plates using methylene 

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

syrup. 

1.r. (CHC1 3): 1750, 1735 (C=O), 1630 cm-l. 

N.m.r. (CDC1 3 ): Ô 1.10 and 1.23 (s, 9H, each C(CH 3)3)' 3.74 

( s , 3H, OCH 3)' 4. 52 (b . s, IH, H - 2), 4. 94 

Cd, lH, J 1,6=2 Hz) , 5.03 (d, lH, J 3 4=4 Hz) , 
, , 

5.23 (d, lH, J 4,3=4 HZ) , 7.21 (d, lH, J 1=2 6, 

Mass (100°): mie 354 (M+) 1 339 (M+ -CH3) " 323 
+ . 

(M -OCH3 ), 228. 

Anal. Calcd. for C18H2607: oC, 61.00; H, 7.40. 

F~und: C, 59.88; H, 7.64. 

Hz) • 
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5-Carbomethoxy-3-endo-pivaloyloxy-2-exo-tetrahydropyranyloxy-

7-oxabicyc10 [2.2.1] hept-5-ene fll3) 

A mixture 2f (105) (6~ mg, 0.23 mmo1e) and pivaloyl 

chloride (0.5 ml) in pyridine (1 ml) ~a~ stirred overnight 

at room t~mperature. The mixture was e~aporated.to dryn~ss 

and the residue was dissolved in chloroform, washed with a.lN 

hydroch10ric acid and water. The organi,c layer was dried over 

sodium sulfate and evaporated. The residue was chromatographed 

on a co1umn of silioic acid using methy1ene chloride, giving 

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

I.r. (CHC1
3
): 1760, 1750 (C=O) , 1630 cm-1 (C=C). 

N.m.r. (CDC1 3 ): cS 1.15 (s, 9H, C(CH3 ) 3)' 1.33-1.90 (m, 6H, 

(CH2 )3)' 3.33-4.00 (s+m, 6H), 4.85 (m, 1H), 

4.90-5.33 (m, 3H), 7.12'(d, 1H, J=2 Hz). 

-. , 
5-carbomethoKy~2-exo-hYdroxy-3-endo-pivaloyloxy-7-Oxabicyclo 

[2.2.1] hept-S-ene (114) 

A s~1ution of (113) (67 mg, 0.19 mmole) in acetic acid­

water-tetrahydrofuran (6: 3,;2) (11 ml) ~s stirred overnight 

at rOQm temperature. After evaporation to dryness'in vaèuo, 
, -

the residue was chromatographed on a column of silioic acid 

using chloroform, ~ivihg 43 mg (84%> ~f (114) as an oil. 

1 ... ~ ----,-
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I.r. (CHC1 3): 3450 (OH), 1625 cm-1 (C=C). 

N.m.r. (CDCl 3): Ô 1.10 (s, 9H, C(CH 3) 3)' 3.00 (b.s, lH, OH), 

3.60 (b.s, 1H, H-2), 3.70 (s, 3H , QCH 3), 

4.66 (d, IH, J 4 ,3=4 Hz, H-4), 4.90 (d, IH, 

J I ,6=2 Hz, H-I), 5.20 (d, lH, J 3 ,4=4 Hz, H-3), 

7 • 10 ( d , IH, J 6 , 1=2 HZ, H - 6) • 

5-Carbomethoxy-,2-exo-3-endo-dipiva1oyloxy-7-oxabicycl0 [2.2.1] 

hept-5-ene (115) 

A solution of (114) (43 mg) and pivaloyl chIo ride (0.5 ml) 

in pyridine (1 ml) was stirred overnight at room tem~erature. 

After usual work-up the residu~ was chromatographed on' a 

column of neutral alumina using chloroform, giving 56 mg (100%) 

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

superimposab1e with those of the compound(112) obtained from 

the diol (109). 
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Chapter II 

, -
(\ 

6-Endo-hydrOxy-3-exo-nitro-5-exo'-tert-butyl,dimethylsiloxy-7-

-, 

oxabicyclo [2.2.lJ heptane-2-endo-carboxylic acid y-lactone (117) 

• 

To a solution of (97) (2.01 g, 10 mmole) in tetrahydrofuran 

(20 ~ml) and dimethylformamide (20 ml) was addep tert-buty1-

dimethyI'silyl chloride (2.26 g, 15 mmble) and imidazole (1.90 g, 

25 mmole): The,reaction mixture was stirred at room temperature 

for one day. After evaporation of t~e solvent the residue was 
~ 

dissolved in ethyl acetate, washed with water, dried, and 
, 

evaporated. The residue was chromatographed on a column of 

silicic acid (40 g) ~sing methy1ene ch1aride, giving 2.84 g 
. 

(90%) of (117) as an oil which was crystallized from hexane 

with m.p. l12-ll3~ 

-,. 
I.r. (Nujo1): 1800 (lactone C=O), 1560 cm-1 (N02). 

N • m. r. (CnC13): ô O. 16 (s, 6H, Si (CH 3) 2)' o. 95 (s, 

3.76 (d, lH, J 2 ,l=5 Hz, H-2), 4.00 
~ 

4.58 (d, lH, J 6 ,1=5 Hz, H-6), 4.84 

9R, C (CR3) .. 3) , 

(s, l~, H-5) 1 

(s, lH, H-4), 

5.14 (s, lH, H-3), 5.51 (t, 1H, J=5 Hz, H-1). 
+ + Mass (150°); mIe 315 CM), 258 (M -C(CH3)3)' 

Anal. Calcd. for C~3H21N06Si: C, 49.527 H, 6.67; N, 4.44. 

Found: Cr 49.7'7; H, 6.87; N, 4.56. 
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, 5-Carbomethoxy-3-endo-hydroxy-2-exo-tert-butyldimethylsiloxy-
. , 

7-oxabicyclo [2.,2.1] _hePt-5-e~ (1,18) and 6-EndO'-hydrOxr;-:3-

exo-m!thoxy-5-exo-tert-butyldimetbylsi1oxy-7-oxabicyc10 [2.2.1] 
;sr 

heptane~2-endo-carbo!ylic acid Y-lactone (119) 

(a) To a stirred refluxing solution of DBU (635 mg) in methylene 

chloride-methanol (1:1) (30 ml) was added dropwise a solution of 

(117) (1.22 g, 3.8 mmole) in methy~ene chloride (15 ml). The 
. " 

mixture was refluxed for an additiona1 15 min. After evapora7ion 

of the cooled solution the residue was disso1ved in ch1oroform, , 

washed with dilute hydroch10ric acid and water,'dried over sodium 
, 

sulfate, and evaporated. The residue was chromatographed on a 

column of silicic acid usinq ch1oroform, giving 976 mg (84%) 

of the more polar compound (118) as a color1ees syrup. 
p 

I. r. (CHC1 3): 3500 (OH), 1725 (C-O), 1620 cm -1 (C=C). ' 

N~m.r. (CDC13): ô 0.13 (s, 6H, Si(CH3)2) , 0.97 (s, 9H, C(CH3)3)' 

3.37 (b.s, lH, Olj); 3.66 (s, lB, H-2), 3.16 (s, 

3H, OCH3) 1 4.13 (d, 1H, J3,4-S -!!,z, H-3), 4.7-5 

(d, 1H, Jl,6-2 Hz, H-1) , 5.01 (d, IH, ~4,3.S HZ; 

H-4), 7.08 (d, lB, J6,1-2 Hz, H-6). 

""\ 
'l'he less PQlir- compound- (119) (62 mg) was a1so obtained • 

... 
1 

" 
'. , , 
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N.rn.r. (CDC1 3): <5 0.1~ (s, 6H, ji(CH3)2)' 

c> 2.67 (d, IH., J1S'H 1 3.33 ( , 

9H, c (CH 3 ) 3) , 

3H, OCH
3
), 

3. 62 ( s, IH), 3. 8 2H) , 

5.63 (m, IH). 

Anal. c~a. -for C13H24oS; C, H, 9.'23. 

Found: C, 59.95; 

(~) A solution of (117) (316 mg, 1 mmole) and triethy1amine 

(167 mg, 1.1 rnmole) in methanol (10 m1)·~as ref1uxed for 6 hr. 

The mixture was then evapoxated ~o dryness. The residue was 

disso1ved in ~h1orofor.m and washQd with water. The organic 

phase was dr~ed over sodium su1fat~ and·evaporated to"~ryness. 

Chro~ato~raphy of the residue on -~ colûmn of siliéic acid 

using chloroforn\ afforded 230 mg (72~) '~f~l~) . a~ a 'co16rilèSS 

" 011. .. ;'1 

----------'~-- -~ - .. ~ - '. " 
,5-carbOmetho!y-3-endo-piva10yloxy-2~exo-~er~-bü~yld~ethylsiloxy-

>7-0Kabic~clo [2.2.1] hept-5-ene (120) 

, 
, A mixture of (118) (320 mg) 1 mmol~) and pivaloyl ch10ride 

" 
(1 ml) in, dry pyridine ,(5 ml) was stirred overnight at room 

temperature and then'evaporated t~~, in ~a9uo. The mixture 

was coevaporated with t;.oluene as' ,a chaser, dissolved in 

chloroform, and washed wi,th 5' hydrochloric acid and water. ,. 
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The dried organic phase was evaporated and the residue ~ 

chromatographed on a co1~of si1~cic acid (120) using 

ethy1 ether-hexane (1:1), giving 300 mg (89%) of (120) as 

a syrup that solidified on standirlg with m.p. 48-49°. ~ 

l.r. (neat): 1760, 1750 (C=O), 1630 crn-1 (C=C). 

110 

N.m.r. (CDC1 3): ô 0.10 (s, 6H, Si(CH3}2)' 0.87 (s, 9R, SiC(CH3)3) , 

1.13 (~, ,gR, C(CR3 ) 3}' 3.72 (s, 3H, OCH3), 3.80 

(b.s, IH), 4.80 (b.s, lH(, 4.88 (d, lH, J=5 Hz), 

5.25 (d, IH, J=5 Hz), ~7.2B (d, IH,.J=2 Hz). 
0++ + Mass (110 ): mie 369 (M -CH3), 353 (M -OCH 3), 327 (M -C(eR3)3) , 

" 
.258, 201. 

Anal. Calcd. for C19H3206Si: C,.' 59.35; H, 8.~9. 

Found: C, 59. 66 ; H , 8. 28 .\ 

5-Carbomethox -2-exo-3-endo-di-

oxabicyclo [2.2.1J .·hept-5-ene (121) 

A mixture of (118) (1:14 9, 3.8 mmo1e) 1 tert-butyl­

dimethylsilyl chloride (1.44 ~, 9.5 mm01e) and imiazo1e (610 mg, 
. ~ 

8.·9 mmo1e) ih. dirnethyltormamide (20 ml) wa~ __ ~tirred at room 

temperature for 6 hr and then ~yaporated tb dryness. The residue 

,wu disso1veç.;in ethyl'acetate, washed with water and with 

btipe, dried Qver sodium' sulfate, and evaporated.· 'l'h'e resul ting 

. syrup was chromat~graphed on a column of silicic acid using ethyl 

ç ....... ~ - .... ~ 
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ether-hexane (1:1), giyi~g 600 mg (51%) of (121) as an oi1 

which so1idified on standing with m.p. 90-91°. The product 
f 

was identica1 'in aIl respects (n.m.r., i.r., m.p.) with 

the compound (110) obtained from (105). 

Methyl 2-(4B-aldehydo-2B,3a-dihydroxy-2,3-di-0-tert-buty1-

dimethy1silyl-furan-la-yl) glyoxylate (122) 

111 

(a) To a solution of (121) (241 mg, 0.58 mmole) in carbon 

tetrachloride (10 ml) was added ruthenium dioxide dihydrate 

(20 mg) and a solution of sodium periodate (500 mg) in 
1 

water (la ml). The pH of the aqueous layer was contro1led 

between 6 and 7 by the addition of a 30% dodiurn bicarbonate 

solution. After 1.5 hr stirring at room ternperature, the 

reaction was terrninated by adding a few drops of isopropyl 

alcohol. Ruthenium dioxide was removed on Ce1ite and the 

organic phase was washed with water and brine, dried over 

magnesiurn sulfate, and evaporated. Chrornatography of the 
o 

residue on a column of silipic acid using ch1oroform as eluent 

afforded 1~ mg (48'> of (122) which solidified on ~tanding 
with rn.p. 81 0 • 

.. 

l':r. (CHCI3): 1770, 1750 crn-~(c.o). 

.. -~ , 

N.m.r. (CDC14): ô.O.03 (s, 6H, S!(CB3 )2) , 0.16 '(s, 6H, S!(CH3)2)' 
., 

0.80 (s, 9B,.C(CHT3), 0.97, (s, 9H, C(CH3)3) , 



( 
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4.05 (s, lB, OCHl ), 4.43 (b.s, 2H), 4.82 
. 

112 

(d, lB, J-4 Hz) 1 ~.6S (d) lB, J-4 Hz), 9.13 

(11 1 lB). 

Ana~. Calcd. for C20B3S07Si2: C, 53.91; H, 8.52. 

Found: C, 54.10; B, 8.36. , 

(b) T~ a solution of (121) (109 mg) in dry methylene chloride 

at -7S o was bubbled ozone until a blue color was observed. 

Excess ozone was removed by passing nitrogen while the system 

was kept at -7S o ana dimethyl sulfide (0.5 ml) was added. 

The mixture was allowed to come t~ room temperature over a 

period 'of 5 hr. The solution was then washed with brine three 

tirnes and dried over rnagnesium sulfate. Evaporation of the 

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

and i.r. spectra were ~uperimposab1e with those of the compound 

prepa~ed above. The melting point was not depressed upon mixture 

with an above sample. 

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

free a1dehydo keto ester (122) and its hydrate' (123). 
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Methyf 2-(2a,3a-dihxdroxy-2,3-di-0-tert-but~ldim!thylsilyl-

4a-hydrox~ethy1-furan-Ia-yl) glyco1ate (124) 

(a) After reductive ozonolysis 98 of (121) (386 mq, 0.93 mmole) 

in methylene chloride, the solution was washed with brine two 

times, dried, and evaporàted. To a solution of the residue in 

dry tetrahydrofuran (40 ml) was added lithium tri-tert-butoxy­

aluminum hydride (954 mg, -3.72 mmole) at 0°. The resulting clear 

mixture was allowed to warm to room temperature and sbfrred 

overnight under nitroqen, A solution of ammonium sulfate (2 q) 

in water (2 ml) and Celite (1 q) were added to the reaction 

mixture at 0°. The mixture was stirred for 30 min and finally 

filtered over a layer of Celite. The residue was washed with 

tetrahydrofuran. Followinq evaporation of the selvent the residue 

was dissolved in ethyl ,Acetate, washed with water, dried, and 

evaporated. The residue was purified by chromatoqraphy on si1ica 

1el plates usinq ethyl ether-hexane (2:1), qiving 250 mg (59%) 

of (124) as an oi1. 

I.r. (CHCI 3): 3500 (OH), 1745 cm-l (C-O). 

N.m.r. (CDC1 3): ô 0.10 (m, 12H',2Si(CH3),2)' 0.86 (s, 9H, C(C~3)3)' 

0.90 (s, 9H, C(CH3)3)' 1.96.Cb.s, IH), 2.70 

(bof? IH), 3:54-4.36 '(m, lOH). 

Anal. Calcd. for C20H4207Si2: C, 53~33; H, 9.33. 

~ound: C, 53.007 H, \.17. ", 

________ ~.L-
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" (b) prepa~~tion'of zinc borohydride 99 

A mixture of anhydrous zinc chloride (4.0 g) with dry 

ethyl ether (50 ml) w~s boiled until Most of the solid had 

dissolved. The mixture was allowed to stand at room temp~rature 

and tte supernant liquid was carefully decanted from insoluble 
, 0<1 

material. The ethe~eal zinc chloride solution was a~ded dropwise 

at reom temperature to ~ stirred suspension of sodium borohydridè 

(2.7 g) in dry ethyl ether (150 ml) • Stirring was continued 

overnight. The selids were 1110wed to settle, and the liquid 

~as removed by filtration. The ethereal solutioh o~zinc 
# 

borohydride was stored under n~tregen. 

. 
(c) Preparation of the doil (124) with zinc borohydride 

After reductive ezonolysis Qf (121) (207 ~g, a.5 mmole) "', 

in methyle"l'lf. chier' ae as ·above the ethereal zinc borohydride 

solution 

aldehydo 

stirring 

added and ,the 

evaporated to 

. 
s added te a solution of the resulting 

dry ethyl ether (~O ml). After 

tlr, 5 ml of 50% aqueçus acetic acid was 

was 3stirred for 3'0 min. The mixture was 

in vacuo. The residue was dissolved in 

ethyl acetate , washed with brine and evaporated. The residue 

was purified by chromatography on a silica gel plate usinq 

hexane-ethyl e'ther (1:2) 1 qivinq 68 lng {30') of (124) • .,.. 

\ 
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The product was iden~cal with th~ compound obtained from (a). 

~ 
(d) Preparat~n of ,the diol (124) with diborane 

o . 
After reductïve oz~olysis of (121) (312 mg, 0.i5 'mmole) 

, 
in ~thylene chloride; a solution of the resulting a1dehydo keto 

ester in dry tetrahydrofuran (5 ml) wa8 cooled 'in an ice bath. 
j 

Tnen, a lM diborane solution (1 ml) was added and stirred for 

1 hr at 0°. Excess hydride was carefully destroyed with water. 

The mixture was di~uted ~th ethyl Acetate. The organic phase 

was washed with brine, dried, aAd ev~porated. Chrornatography 

of the re$idue on 'a column of silicic acid using hexane-ethy1 

éther (1:2) afforded 152 mg (45%) of (124) as an oil: The 

spectral data ... (i.r., n.m',r.~ were ident'lcal with those of the 

c~mpound obtained from (a). 

Methyl 2-0-acetyl-2-(2B,3~-dihydroxy-2/3-di-O-tert-butyl­

dimethylsilyl-4S-acetoxymethyl-furan-1S-yl) glycolate (125) 

t't 

The compound (124) (126 -mg) was acetylat~d with acetic 

anhydride (1° ml) and pyridine (1.5 ml). The reaction mixture 
~ 

.J 

was evaporated to dryness in vacuo. The residue was dissolved 

in ohloroforml washed with dilute hydrQqhloric acid and water . 

The orqani~ phase was dried over sod~um sulfate and ev~porated. 
\0 • 
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The residue was chromatographed on a co1umn of silicic acid 

using ethyl ether-hexane (1:2), giving 136 mg (91%) of (125) 

as an oil which so1idified on standing with m.p. 74-77°. 

1. r. (KBr): 1755 (C=Ol, 1240, 1080 cm- 1 

N.:n.r. (CDC1 3): ê 0.13 (m, 12H, 2Si(CH 3)2)' 0.96 (s, 18H, 

2C (CH 3) 3)' 2. 03 ( s, 3 H, COCH 3) 1 2. 10 ( s, 3H 1 

COCH 3) 1 3. 76 (s, 3H, OCH 3) 1 3.90 - 4 .33 

(m, 6H) 1 4.70 and 4.86 (b.s, a.sa each). 

Mass (200°): mie 519 (M+-CH 3), 503 (M+-OCH 3), 477 (M+-C(CH3) 3)' 

Anal. Calcd. for C24H460g5i2: C, 53.93; H, 8.61. 

Found: ~54.12; H, 8.84. 

Methyl 2-(2B,3~-dihydroxy-2,3-di-0-tert-butyldimethylsi1yl­
J 

46-tert-buty1dimethylsi1oxrœethyl-furan-1B-y1) glyco1ate (129) 

T'o a solution of ~24) (106 mg, 0.24 mmole) in dimethyl­

formamide (5 ml) were added tert-butyldimethylsily1 chloride 

(36 mg, 0.24 mmole) and irnidaz~le (40 mg, 0.6 mmole). The 

mixture was stirred at room temperature for 21 hr. The solvent 

was evaporated in vacuo and the residue was c~evaporated severa1 

tLmes with ethy1 acetate. ~he residue was dissolved in chloroforID, 

washed with water, dri~, and evaporated. The resulting syrup 

was chromatoqraphed on a c~~ of neutral alumina using ethyl 

ether-hexane (1:2), giving 125 mg (94%) of (126) as an oil. 

o 
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-1 I. r. (CHC1 3): 3S00 (OH), 1730 cm (C;:.O) . 

N.m. r. (CDC1 3): Ô 0.10 (m, l8H, 3Si(CH3 ) 2)' 0.92 (m, 27H, 

3C(CH 3) 3)' 2.96 Cb.s, lH), 3.30-3.90 (m, SH), 

3.90-4.45 (m, 5H). 

Anal. Calcd. for C26HS607Si3: C, 55.32; H, 9.93. 

Found: C, 55.59; H, ~.84. 

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

dimethylsilyl-48-tert~butyldimethy1sil0eYmethyl-furan-18-y1) 

glycolate (127) 

The compound (126) (125 mg, 0.22 mmo1e) was acety1ated 

with acetic anhydride (1.5 ml) and pyridine (1.5 ml). rlfter 

usual work-up the crude product was chromatographed on a 

co1umn of alumina using ethyl ether-hexane (1:1) to give 134 mg 

(100%) of (127) as an oil which solidified on standing with 

m.p. 68-72°. 

I.r. (KBr): 1760 (C=O) , 1080, 840 -'1 cm -. 

N.m.r. (ÇOC1 3): ô 0.05 (m, 18H, 3Si(CH 3) 2)' 0.87 (b.s, 27H, 

3C(CH 3) 3)' 2.06 (s, 3H, COCH
3

>,, 3.63 (m, IH), 

3.71 (s, 3H, OCH
3
), 3.85-4.33 (m, SB), 4.70 

(b.s, 1/2H) , 4.85 (b.s, 1/2H). 

Anal. Ca1cd. for C2sH5s0aSi3: C, 55.45; H, 9.55. 

Found: C, 55.16; H, 9.32 • 
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Methyl 2-(28,3a-dihydroxy-2,3-di-O-tert-butyldimethylsilyl-46-

tert-butyldimethylsiloxymethyl-furan-1S-y1) glyoxylate (128) 

To a mixture of (126) (416 mg, 0.74 nunole) and ruthenium 

dioxide dihydrate (20 mg) in carbon tetrachloride (40 ml) 

was added a solution of sodium periodate (633 mq) in water 

(40 ml) .' The pH of the mixture was controlled between 6 and 

7 by the addition of 5% sodium bicarbonate solution. After 

vigorously stirring at room temperature until a yellow color 

persisted, a few drops of isopropyl alcohol was added to 

terminate the reaction. Ruthenium dioxide was removed on 

'~ Celite and the organic phase was washed with water and brine, 

. , 

dried over magnesium sulfate, and evaporated, giving 353 mq 

of crude (128). The spectral data of the crude product were 

gj;ven. 

l • r. (CaC1 3): l 750, ~ 730 cm -1 (Cl-O). 

N.m.r. CCDe1 3 ): Ô 0.13 (m, ISH, 3Si(CH3)2)' 0.86 (m, 27H, 

3e (CH3 ) 3)' 3.76-4.00 (m, Sa), 4.13 (m, lB), 

4.33 (m, IH), 4.53 (b.s, IH) 1 5.60 (d, lB, 

J-4 Hz). ~ 

- , 
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Methyl 2- (2a-piva1oyloxy-3a-tert-butyldPnethy1si1oxy-4'a­

hydroxymethy1-furan-16-yl) glyco~ate (129b 

, ' 

119 

To a solution of (120) (176 mg, 0.46 mmole) ±p methy1ene 
. . 

chloride at -78 0 was bubb1ed ozone until a blue ~olor persisted. 

Excess ozone was flushed'~ith dry nitrogen and dimethyl sulfide 

(0.5 ml) was added. Th~ mixture was allowed to rise from -78° 

to room temperature over a period of 5 hr. The solution was 

y. ove? ,washed with brine, dried ~e magnesium sulfate, and evaporated. 

A solution of the residue in dry tetrahydrofuran (10 ml) was 
" 

treated with lithium tri-tert-butoxyaluminum hydride (369 mg, 

1.38 rnmale) and the mixture was stirred for 4 hr at 0°. A 

solution of ammonium sulfate (500 mg) in water (1 ml) and 

Celite (250 mg) were added to the reaction mixture at 0°. The 

mixture was stirred for 30 min and filtered over Celite. The 
J' 

residue was washed with tetrahydrofuran. After evaporation af 

the solvent the residue was chromatographed on a silica gel 

plate using hexane-ethyl ether, giving 58 mg (30%) of (129) 

as an ail. 

1. r. (neat).: 3450 (OH), 1740 cm -1 (C-O). 

-, . 

N.m.r. (CDe13): ô 0.15 (m, 6H, Si(CH3 )2) 1 0.96 (s, 9H, SiC(CH 3)3) , 

1.30 (s, 9H, C(CH3)~)' 2.96 (b.s, IH), 3.60-4.00 

(m, 6H), 4.00-4.50' (m, 3H) 1 4.90-5.28 (m, 2H). 

'. -/ 
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Methyl 2-~cetoxy-2-(2a-eivaloyloxy-3a-tert-butyldimethylsiloxy-

4B-acetoxymethyl-furan-1S-yl) glycolate (130) 

i(j. 

The diol (129) (58 mg, 0.12 mmo1e) was treatedwith ~cetic 

anhydri4e (0.5 ml) and pyridine (1 ml). The reaction mixture 

was stirred overnight at room temperature and evaporated to 

dryness. The residue was disso1ved in ehloroform, washed with 

0~1N hydroehlorie acid and water, dried over sodium sulfate.-

The solvent was evaporated and the residue was ehromatographed 

on a column of si1icie acid using ethyul ether-hexane (1:1) 

as e+uent, giving 68 mg (98%) of (130) as an oil. 

l . r . (CHC 13): 1745 cm -1 ( C-O) • 

N.m.r. (eDC1 3): ô 0.13 (m, 6H, Si(CH3)2), 0.92 (s, ?H, SiC(CH3)3}' 

1.23 (s, 9a, C(CH3)3)' 2.06 (s, 6H, 2COCH3', 

3.76 (s, 3H, OCH
3
), 3.94-4.16 (m, 4H), 4.03-

4.68 (m, IH), 4.93-5.15 (m, 2H). 

Anal. Ca1cd. for C23H40010Si: C, 54.76; H, 7.93. 

Found: C, 54.55; H, 7.83. 
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6-Endo-hydroxy-3-exo-nitro-S-exo-methoxymeth1oxy-7-oxabicyc10 

[2.2.1] heptane-2-endo-carboxylic acid y-lactone (131) 

To a stirred solution of (97) (1. 33 g, 6.6 mmole) and 

me~hy1a1 (5 ml) .in tetrahydrofuran (30 ml) was added phosphorus 

pentoxide (abou~ 5 g). After stirring for 1.5 hr at room 

temperature the mixture was filtered and the residue was 

washed with tetrahydrofuran. The filtrate was combined and 

evaporated to dryness. The residue was dissolved in ethyl 

t acetate and washed with 5% sodium bicarbonate solution, 

water, and brine. Evaporation of the dried organic phase gave 

1.53 g (93%) of (131) as an analitica1ly pure soi1d with 

m.p. 154-155°. 

r.r. (KBr): 1800 (lactone CaO), 1560 gm-l (N02). 

N.m.r. (CD3)2CO):. ô 3.06 (s, 3H, OCH3) , 3.36 (d, IH, J=5 Hz, 

CHOCO), 3.86 (s, lH, CH20C~), 4.40 (d, 1H, 

J-S Hz), 4.43 (s, 2H, ~CH20), 5.23 ( S', 2H), 

5 .• 50 (t, IH, J-5 Hz, OC!!CHCO) • 

Mass (150 0
) : mie 245 (M+)' , 199 + (M -N02) • 

1 

Anal. Càlcd,. for CgH11NO, : C, 44.08; H, 4. 2; N, 5.11. 

Found: C, 44.22: H, 4.75: N, 5.54. 

\ 
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S-Carbometho!y-3-endo~hydroxy-2-exo-methoxymethyloxy-7-oxabicyclo 

[2.2.11 hept-S-ene (132) 
l" 

, , 
To a refluxinq solution of oau (818 mg, 5.38 mmole) in 

40 ml of methanol-methylene chloride (1:1) was added dropwise 

à sôlution of (131) (1.32 q, 5.38 mmole) in Methylene chloride 

(20 ml). The mixt~re was refluxed'for an additional 30 min. 

After evaporation of the solvents the residue was dissolved 

in ethyl Acetate, washed with O.lN hydroc~loric acid three tim~s 

and water, dried over sodium sulfate and evaporated. The 

residue was chromatographed on a colUmn of neutral alumina 

usinq e~hyl ether, qivinq 840 mg (67.8%) of (132) as an oil • 
• 

I. r. (CBC1 3): 3500 (OH), 1730 (CaO), 1625 cm -1 (C-C). 

N.m.r. (COC13) : Ô 3.36 (s, 3B, CH20C!!j) , 3.37 (s, 3B, CH20C!!3) , 

3.40-3.60 (h. s, 2H) , 4.16 (d, lH, J-4 Hz) , .' 
'. 4.67 (s, 2H, OCH20) 1 4.90 (m, 2H) , 7.01 (d, 

lH, J-2 Hz, C=CH). 

Anàl. Calcd. for C10H1406: C, 52.17; ~, 6.13. 
.. 

Found: C, 52.0B; H, 6.28. 

The sarne compound'(132) was obtained by treatment of (131) 

with triethylamine in refl'uxinq rnethano1 for 8 hr. 
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S-Carbomethoxy-2-exb-3-endo-di~metho~thyloxy-7-oxabicyc10 . \ 

[2.2.1] hept-S-ene (133) 

To a·.stirred solution of (l32)' (l.3 g, 5.6 mmole) in 

ch1orof~rm (50 ml) wère added methyla1 (10 ml) and 

approximately 5 <] of phosphorus pentoxid~. The mixture was 
. 

stirred at room temperature for 2 hr and poured into ~% 

sOdium bicarbonate solution. The organic layer was washed with 

water~ dried over ~odium sulfate, and evâporated to dryness. 

The residue was chromatoqraph~ on a column of $ilicic acid 
1 • 

usinq chloroform, qivinq 1.3 q ,84%) of (133) as a homoqeneous 

syrup. 
"'. 

l.r. (CHC1
3
): 1730 > ~C~O), 1625 crn-l,·:(C-C) • 

N.m.r. (CDC13 ): ô 3.36 (s, 3B, CH20CH
3
), 3.42 (s, 3H, CH20CH 3), 

3.66 (s, lH), 3.76 (s, 3B, O~H3)' 4':20 (d, lH, 

J-4 Hzr, 4.66 (q, 2B, OCB20, J-3 HZ), 4.76 (s, 

2H, OCH20), 4.99 (d, lH, J=2 Hz, C~CH~~) 1 5.12~ 

(d, 11:1, J-4 Hz, CHsC-C!:!), 7.15,:. (d, lH, J=2 Hz, 

C-CH) • 
1 

; 

Mass (110°): mIe 259 (M+-CH
3
), 243 (M+-OCH

3
), 213 (M+.CH30CH20), 

• 0 

j 148~ 

Anal. Ca1cd. for C12H1807: C, 52.55; H, 6;62. 
j{ 

. Pound: C, 52.38; H, 6.S3. 

- , , 
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Methyl 2~(2B;3a-dihydroxy~2,3-di-O-methoxymethyl-4B-hydroxymethyl-

furan-1B-yl) qlycolate (134) - ~ 

To a solution of (133) (327 mg, 1.19 mmole) in methylene 

chlorid'e at -78°' was bubbled ozone until a ~aintly blue color 

was observeq. E~cess ozone ~as flushed with ?ry nitroqen 

while the system was kept at -78 0 and dirneth~l sulfide (0.5 ml) 
, 

was added. The mixture was allowed to rise to room temperature 

over à period of 5 hr. The solution, was then washed with brine 

three times, driea over magnesium sulfate and evaporaced. 

To a pre-cooled solution of the residue in fresh1y distilled 
o 

tetrahydrofuran (50 ml) at OQ was added lithium tri-~ert-

butoxyaluminum hydride (1.22 9, 4.8 mmole). The resultinq 

c1ear solution was then allowed to warm to room temper~ture 

'and stirred over~t under,dry nitroqen. After the usual 

work-up (see the preparation of (124», the crude product 

was purified by chromatography 00' a column of si1icic acid 

usinq chloroform, qivinq 222 mg (60%) of ,(134) as an oil. 

I.r. (CHC1 3): 3500 (OH), 1745 cm-1 (caO). 

N.m.r. (CDC~3): ô 3.33 (s, 3H, CH20C!!.3)' 3.36 (s, 3R, CH20C!3)' 

3.67-3.96 (m, 6a), 4.06-4.56 (m, SH), 

4.56-4.83 (m, Sa). 

Anal. Calcd. for C12H2209: C, 46.45; H, 7.15. 

Found: C, 46.281 H, 7.28. 
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Methyl '2-acetoxy-2-(2S,3a-dihydroxy-2,3-di-O-methoxymethyl-
1 

4B-aeetoxymethyl-furan-4S-yl) gtyeolate (135) 

The compound (134»(7~ mg) wa~ acetylated us~nq acetic 

anhydride (1 ml) and pyridine (1" ml) with stirring overnight 

at room temperature. After evaporation to dryness chromatography 

of the residue on a column of silicic acid using ethyl ether­

hexane (1:1) gave 84 mg (9~%) of (135) as an oil. 

I.r. (neat): 1745, 1755 cm-l (C=-O) .. . . 
N.m.r. (CDC13): ô 2.00 (s, 3H, COCH3), 2.03(s, 3H, COCH 3), 3.21 

(s, 3H, CH 20C!!3)' 3.24 (s, 3H, CH20C!!.3) l , 

Mass (110°): mie 

3.68 (s, 3H, OCR3) 1 3.90-4.13(m, SR), 4.13-4.30 

(m, 1H), 4.46 (m, 2H, OCH20), 4.50 (s, 2H, 

OCH20)! 4.86 (S,1 O.SH) 1 SeO (s, 0.5H). 
+' + 363 (M -OCR3), 317, 289 (M -COCH3-CH30CH20H). 

',. Anal. Ca1cd. for C16H26~11: C~ 48.73; H, 

Found: C, 48.631 H, 6.88. 

6.60. 

Methyl ~-(2S,3a-dihydroxy-2,3-di-0-methoxymethyl-4a-tert­

buty1dimethylsil0xyptethyl-furan-1S-yl) glyc01até (136)",' 0 

J , 

A mixture of' (134) (169 mg', 0.54 mmole) , tert-butyl·· 

dimethylsi1yl qh10ride (82 mg, 0.54 mmole) and im~dazo1e 

(92 mg, 1.3S nunole) in dimethylformamide' (5 ml) was .st1tj:ed 
,0 

1, 

) 
, . 
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at room temperature ~or 18 hr. After evaporation to dryness 

the residue was dissolved in ch1oroform and washed three 

times with water, dried, and evaporated, 1eavinq a syrup. 

The latter was chromatoqraphed on a column of si1icic acid 

126 

usinq ethyl ether-hexane (2:1), giving 197 mg (85%) of (136) 

as an oi1.0 

I.r. (CHCl 3): 3500 (OH), 1745 cm- l (C=O). 

N.m.r. (CDCl 3): ô 0.10 (s, 6H, Si(CH 3) 2)' 0.96 (s, 9H, C(CH3) 3) 1 

. 
3.32 (s, 3H, CH~OC~3)' 3.36 (s, 3H, CH20C~3)' 

, 3. 4 S (m , 1H), 3. 60 - 4 • 00' (m , 6 H), 4. 0 8 - 4 • 4 3 

(m, 4H) 14.62 (b.s, 4H). 

Anal. Calcd. for C1SH3609Si: C, 50.94; H, 8.94. 

Pound: C, 50.68; H, 8.37. 

Methyl 2-(26,3~-dihydroxy-2,3-di-O-methoxymethyl-46~tert-
. , 

buty~aimethylsiloxymethyl-furan-1B-yl) qlyoxylate (137) 

To â~olution of (136) (424 mg, 1 mmo1e) in carbon 

tetrachloride (40 ml) were added ruthenium dioxide dihydrate 

(20 mq) and a solution of sodium pe~iodate (856 mg, 4 mmole) 

in water (40 ml). The pH of~~he reaction mixture was controlled. 

between 6 and 7 by the addition of a S., sodium bioarbonate '"" .. 

solution. After 6 hr of stirrinq at room temperaturè until 

a yellow color persisted, the reaction was te~inated by 

addinq a few drdps of ~soprQPyl alcoho1. After collection 

--, 
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o~ the black precipitateà solià (RU02)' on Celi,te, the organic. 
" 

phase was then washeà w~_~h wate~ "and brine', driea, over m~9nesium 
~ ~ ~ 

sulfate, and evaporated, leavinq 359 mg.of the crudè (137). 
, 0 , 

Attempted purification ~y chromatoqraphy on si1icic acid led 
, . 

to partial decompos~tion and accordingly the mat~rial was 

used directly in th~ next step. The spèctral data of the crude 

product were q~ven. 

I. r. (neat): 1760, 1735 cm -1 (C=:,O). . ' 

N.m.r. (C~C13): ô 0.08 (s, 6H, Si(CB 3 )2)' 0.86 (s, 9R,. 

C(CR 3 ) 3)' 3.13 (s, 3H f CIi20C!!.3)·' 3.25 

{s, 3H, CH20C!3" 3.36-3.58 (m, 2H), 3.72 

(s, 3B, 'OCH 3/, 3.76 ~m, IH), 4.13 (b.s, 110, 

4.30' (m, IH), 4.40-4.70 (m, 4H), 5.06 

(d, lH, J=S Hz) • 

c,.' 

Methyl 2- (26 ,3a-dihydroxy-2, l-di-O-methoxxmethyl-4'S-tert-, . , , 

buty;ldimethYlsiloxyffiethyl-furan-le-yl) 'ilyoxylate semicarbazone" 
• 

(138) 

A solution of the èrude keto ester~ (ll7) (105 mg, 

042S mmole), sem1carbazide hydrochloride (34 mg" 0.3 mmole) " 

and sodium acetate (27 mg, 0.32 mmole) in meehanol-water' 
" . 

(4:1) (10 ml) was stirred overniqht at room température. 
\ 

Methanol was, then evaporated and tbe resid~e ~as par~itioned' 

. . 
.J 

1 
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between ethyl aoètate and water. The organic phase was washed 

with water, dried over sodium sulfate, and evaporated. The 

. residue was purified by chromatograghy on a\.silica qel plate 

usinq chloroform-ethyl acetate (1:1), qiving 72 mg (6e%) of 

(138) as an oil. 

I.r. (CHC1 3), : 3570, 3450, 3356 (NH. j NH2) , 1725 (C-O) , 

(CONH
2

) , 1590 cm-1 (C=N) . 

1625 
('''''''-- -.-.> -' 
\ 
''\. 

U.v. p. EtOR) : 
max 2.7e· nnl. 

N .m. r. (CDC1~: ô 0.10 (d, 6U, Si(CH 3)2)' 0.88 (s, 9R, 

3.15 (d, 3H, Cg20C~3)' 3.30 (s, ~H, CH20C!3) 

3 • 60- 3 .. 8 5 (m, 6 H), 4. 04 (b . s, IH), 4. 20 - 4 . 70 

(m, SH), 5.00 (dd, IH, J-4 Hz) 1 5.20-5.90 
, 

(m, 2fO, 9.63 (b.s, l/2H), 10.53 (b.s, ,1/2H). 

Mass (120 0
): mie 479 (M+) , 464 (M+ -CH3) , 448' (~+ -OCR3 r , 

+ + 437 (M -NH=C=O), 422 (M -C(CH3)3) , 335, 131, 

129, 117, 89, 75, 73,.45. 

Anal. Calcd. for C19H37N307Si: ~, 47.601 '\, 7.72; N, 8.77. 

Found: C, 47;91; H, 7.78; N, 8~S2. 
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3,4-Di-0-methoxymethyl-2,S-anhydro-D,L-q1ucoSe (144) 

To a solution of (133) (230 mg, 0.84 mmole) in methylene 

ch10ride was bubbled ozone until a faintly blue color was 

observed. Excess ozone was f1ushed with dry nitrogen and 

evaporatiœn of solvent left a white foam. The resulting ozonide 

in isopropanol was tréated with sodium borohydride (500 mg) 

at 00 and then refluXed for 4 hr. The solution was then cooled 

in an ice-bath and stirred with 50\ aqueous acetic acid (10 ml) 

for 30 min and evaporated in vacuo. The residue was coevaporated 

with ethanol and dissolved in water and stirred with sodium 

periodate (300 mg) for l hr at room temperature. The resulting 

~recipitate was removed by filtration on co~ton and the } 

filtrate extracted with ch~o~oform three t~es. The organic 

phase,was dried ~ver magnesium sulfate. Evaporation of-the 

solvent gave 77 mg (37%) of (144) as a colorless syrup. 

.' . 
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Ethy1 trans-3-(2S,3a-dihydroxy-2,1-di-O-methoxymethy1-4S­

hydroxymethy~-furan-lB-yl) aCry1ate (149) 

.' . 
To a solution of (144) (144 mg, 0.58 rnrnole) in methylene 

chloride (la ml) was added carboetroxymethylenetriphenylphosphorane 
r 

(242 mg, 0.69 mmole). After 4 hr of stirring at room temperature, 

the solvent was evaporated~d the residue was partitioned 

between chloroform and water. The organic phase was dried 

over sodium sulfate and evaporated. The residue was chromatographed 

on a column of neutral alumina using chloroforrn, giving 143 mg 

(79%) of (149) as a chromatographically homogeneous syrup. 

I.r. (CHC1 3): 3500 (OH), 1730 (C=O), 1680 cm-1 (C=C). 

N.m.r. (CDCI 3 ): Ô 1.23 (t, 3H, J=7 Hz, CH 2C!!3)' 2.23 (t, lH, 

J=6 Hz, OH), 3.26 (s, 3H, OCH3) , 3.30 (s, 3R, 

OCR 3), 3.53-4.30 (m, aH), 4.52 (d, 2H, J-2 HZ t , 
, 

4.60 (s, 2H), 5.98 (dd, lH, J::r14 Hz, J=2 Hz) , 

6.85 (dd, IH, J=14 Hz, J=4 Hz). 

Mass (120°): mie 320 (M+), 289 {M+-OCH 3}, 243, 230' (M+-2CH 30CH2). 

Anal. Calcd. for C14H240a: C, 52.49; H, 7.55. 

Found: C, 52.4.8; H, 7.62. 
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Ethyl trans-'3- (28, 3a-dihydroxy-2 , 3-di-0-methoxymethyl-4B­

,acetoxymethyl-furan-16-yl) aCry1ate (l50) 

, 

131 

The compound (149) (40 mg, 0.13 mmole) was acetylated 

using acetic anhydride (1 ml) and pyridine (2 mIl. Evaporation 

to dryness and purification by chromatography on a column of 

neutral alumina using chloroform gave 40 mg (89%l of (150) 

as a colorless ail. 

-1 
I.r. (CHCI 3 ): 1750, 1730 (C=O), 1680 cm (C=C). 

, 
~.m.r. (CDC1

3
): Ô 1.27 (t, 3H, J:a6 Hz, CH 2CH 3 ), 2.06 (s, 3H , 

Mass 

COCH 3 ), 3.28 (s, 3H, OCH 3), 3.33 (s, 3H, OCH 3), 

3 . 90- 4 • 30 (m, SH ) -, 4. 46 - 4 • 70 (m, 4 H), 6. 02 

(dd, lB, J-14 Hz, J=2 Hz), 6.88 (dd, IH, J=14 ~z, 

J=4 Hz) . 

362 (M+) , 331 (M+ -OCH 3 ) , 

+ (M -2CH
3

0CH 2 ). 

Anal. Calcd. for C16H2609: C, 53.03; H, 7.23. 

Found: C, 53.10; il, 7. 32. 

. ' __ e'. ,. 
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N-Methyl 2-(2S,3a-dihydroxy-2,3-di-0-methoxrmethyl-4S­

hydroxyrnethyl-furan-lS-yl) thiazolidine (lSl) and its 

acetate (152) 

132 

Ta a solution of (144) (77 mg, 0.31 mIt\ole) in dry benzene 

(15 ml) was added N-methylthioethanol~ine (31 mq, 0.34 mmole). 

The reaction mixture was stirred overnight at room temperature. 

After evaporation of the solvent the crude product (151) was 

direct1y acety1ated with acetic anhydride and pyridine. The 

crude p.roduct was purified by chromataqraphy on a co1umn of 

alumina using chloroform ta..' <live 86 mg (77%) of (152) as a 

colorless ail. 

-1 l.r. (CHC1 3 ): 2870, 2830 (N-CH3), 1755 cm (C=-O). 

N.m.r. (CDCl 3): ô 2.03 (s, 3H, COCH3), 2.30 and 2.40 (9+S, 

total 3B), 2.60-3.26 (m, 4H, CH2CB 2 ), 3.30 

(s, 3R, OCH 3 ), 3.40 (s, 3H, OCH3), 3.90-4.23 

(m, 6B), 4.37-4.53 (m, lB), 4.57-4.76 (m, 4H). 

+ + + Mass (120 0
): mie 365 CM ), 333 (M -CH

3
0B), 318 (M -CH

2
SH), 102. 

Anal. Ca1cd. for ClSB27N07S: C, 49.32; H, 7.40; N, 3.84; 

S, 8.77. 

Found: C, 49.53; H, 7.60; N, 4.08, S, 8.53-. 
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Chapter III 

2-(2B,3a-Dihydroxy-2,3-di-0-methoxymsthyl-4B-tert-butyl­

dimethylsiloxymethyl-furan-1S-yl) ma1eimide (156) 
il 

A solution of carbamoylmethylenetriphenylphosphorane 
, 

133 

(351 mq, 1.07 mmole) and the'crude keto ester (137) (450 mq, 

1.07 mmole) in dry chloroform (20 ml) was stirred at room 

temperature for 2 hr. The solvent was then evaporated and 

the residue was purified by chromatoqraphy on silica gel 

plates using ethyl ether-hexane (1:1), qivinq 216 (47%) of 

(156) as an oil. 

I. r. (CHCl3): 3460, 3250 (OH, NH), 1·790, 1740, 170'5 CC=-O), 

1655 cm-l CC-C). 

N.m.r. (CDC13 ): ô 0.10 {s, 6H, Si(CH3)2) , 0.82 (s, 9H, C(CH3 )3)' 

3.20 (d, 3H, J-4 Hz, OCH3), 3.26 (s, 3H, OCH3) , 

3.53-4.10 (m, lH), 4.13-4.26 (m, lH) 1 4.36 

(s, 2H, OCH20)', 4.48 (s, 2H, OCH20), 4.72 

. (m, un; 5.10 (m, lH), 6.39 (m, lH, C-CH) , 

8.08 (b.s, , . 

Maas (120 0
): mIe 431 (M+), 328. 

Anal. Calcd. 
• 

Pound: C, 52. 68; g', 7. 76; N, 1. 49 • 
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• 
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2-(2S,3a-Dihydroxy-4S-hydroxywethy1-furan-1S-y1) maleimide (154) 

A solution of (156) (212 mg, 0.5 mmo1e) in a mixture of 
t 

trifluoroacetic'acid-water-tetrahydrofuran (4:1:1) (12 ml) 

was stirred at room tempe rature for 4 hr. After evaporation 

to dryness in vacuo the residue was chromatographed on a 

silica gel plate using ethyl acetate (RfmO.35). Crystallization 
, -J 

from acetone-hexane gave 68 mg (60%) of (154) with m.p. 

170-171°. 

I.r. (KBr): 3470,3280,3110,3070,27'10 (NH,OH,CH), 

1775, 1735, 1720, 1700 (C=O), 1625 cm-1 (C=C). 

"U. v. (À
EtOH). 222 nm (loq e 4.36). max . 

Mass (170°): mie ~29 (M+) , 211 (M+-H20), 180,140 

(M+-HOCHCH2B), 127 (B+31), 126 (B+30), 110, 87, 

85,69,57,55,,45,44, 43,32,31,28 

(B is maleimide). 

Anal. Calcd. for CgHIIN06 : C, 47.16; H, 4.80; N, 6.15. 

Found: C, 47.05; H, 4.75; Nt 6.08 • 
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Preparation of the hydrazone (163) from methy1 pyruvate 

A mixture of methyl pyruvate (879 mg, 8.61 mmole), 

ethyl hydrazinoacetateJhydrochloride (1.60 g, 10.3 mmole) 

and sodium acetate (917 mg, 11.2 rnmo1e) in ~ethanol-water 

(6:1) (35 ml) was stirred overnight at room temperature. 

Methanol was evaporated and the residue was partitioned 

between ethyl Acetate and water. The dried organic phase 

was evaporated, leaving a solid residue. Recrystallization 

from carbon tetrachloride-petroleum ether (30-60°) gave 

1.66 q (95%) of (163) with m.p. 59-60° • 

• 

135 

I.r. (CHe1 3) :_3360 (NB), 1750, 1725 (C-O) 1 1590 cm-l (C=N). 

N.m.r. (CDCI 3): ô 1.21 (t, 3B, J-6 Hz, CH2C!3), 1.93 (s, 3H, 
• 

'CH3), 3.66 (s, 3H, OCR3) , 3.90-4.30 (m,' 4H), 

5.96 (m, lH, NH). 

U.v. (À:~H): 275 nm (loc;' E 4.~4). 

Mass (70°"): mie 202 (M+), 111 (M+-OCH3), 129, 97. 

Anal. Calcd. for CSH14N204: C, 47.52; H, 6.98; N, 13.86. 

Found: C, 47.57; H, 7.29; N, 13.S9 • 

-, 
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3(s)-Carbomethoxy-4-hydr0xY-s(3)-methyl pyraz01e (164) 

" 
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A mixture of (163) ,(577 mg, 2.86 mmo1e) and qtethanolic 

sodium methoxide (10 ml ot 0.2N) was ref1uxed for 4 hr. 
~ 

After evaporation of me~hanol the residue was dissolved 

in water and acidif~ed with di1ute hydroch1oric acid ta 

pH 3 and extracted with ethyl acetate three times. The 

dried organic phase was evapor~ted, 1eaving a so1id residue. 

Recrystallization from acetone-hexane gave 149 mg (33%) of 

(164) with m.p. '~141-143°. 

I. r. (Kar): 3420, 3200-2500 WH and OH), 1720 (C-O), 

1590 (C-N), .445, 1480 cm-l. 

N.m.r.' (pyridine ... dS): ô 2.33 (s, 3H, CH 3), 3.61 (s, 3H, OCH3, 1 

8.23 (s, 2H,' OH and NH) • 
" 

U.V. (À!!~B): 227 (log € 3.74) and 276 nm (log € 3.67) in 

O.lN HCl. 

239 (log E 3.79) and 319 nm (log € 3.S0) in 

o .1N NaOS. 

Mass (150°) : mie 156 (M+) 1 124 + (M -CH3OB), 156, 124. 

Anal. Calcd. for C6 HSN203: C, 46.15; H, 5.16; N, '17.94. 

Found: ,C, 45.93; H, 5.30; N, 19.15. 
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preparation of the hydrazone (165,166) from (131) 

Tola solution of the keto ester (137) (157 mg, 0.37 mmo1e) 

in methanol-water (6:1) (14 ml) were added ethyl hydrazinoacetate 

hydrochlorida (86 mg, 0.56 mmole) and sodium acetate (49 mg, 

0.59 mmo1e). The-reaction mixture was stirred overnight at 

rbom temperature. Most of methanol was evaporated and the 

residue was partitioned between ch1oroform and \..rater. The 

organic phase was washed with water, àrieà ovér sodium sulfate 

and then evaporated to dryness in vacuo. The resiàue was 

purified by chromatography on silica gel plates using ethy1 

ether, giving 172 mg (38%) of the geometr~c isomers of the 

hydrazone (165,166) as an oil. 

I.r. (CHCI 3): 3350 (NH), 1760, 1710 (C-O), 1590 cm-1 CC-N). 

N.m.r. ,(COC13): 00.10 (s, 6B, Si(CH3)2) , 9.90 (s, 9H, C(CH3)3)' 

1.27 (t, ~H, J=7 Hz, CH2C~3) 1 3.23-3:60 

(m, GR, 2CH20C!!3) 1 3.68-4.00 (m, GH) 1 4.00-4.69 

(m, SR), 4.70-5.00 (m, SH), 5.90 (m, IH), 9.15 

(m, O. SH, NB), 9,.50 (m, O.5H, NH). 

U.V. O.~~H): 287 Ml. 

Maas (160°): mIe 522 (M+) , 
+ . 

(M -C (CH) 3) , 433. 

Anal. Calcd. for C22H42N2010Si: C, 50.57; H, 8.05; Nf 5.36. 

Pound: C, 50.52; H, 7.85; N, 5.28. 
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3 (S)-(2B,3a-Dihydroxy-2,3-di-O-methoxymethyl-4B-tert-butyl-• 
dtmethylsiloXymethyl~furan-1B-yl)-5{3)-carbomethoxy-4-

hydroxypyrazole (167) 

To a solution of the geometric isomers of the hydrazone 

(165,166) (117 mg, 0.22 mmole) in dry methanol (S ml) was 

added 0.2N methanolic sodium methoxide (2 ml, 0.4 mmole). The , 

reaction mixture was refluxed for 2 h~ and then evaporated 

under ~educed pressure. The residue was dissolved in water 

(5 ml) and acidified with O.lN hydrochloric acid and extracted 
1 

~ 

with ethyl acetate. The organic phase was dried over sodium 
• 

sulfate and evaporated to dryness. The residue was chromatographed 

on a silica gel plate using ethyl ether as eluent. The compound 
-

(5 mg) with Rf-O.S showed the characteristic u.v. absorption 

of the 4-hydroxypyrazole (167). 
CI\:, '. 

U.v. (À!;~H): 228.and 278 nm in O.lN HC1. 

235 and 323 nm in O.lN NaOS. 

Preparation of the hydrazone (168,169) -from(128) 
i 

1 
i . 

To a solution of the kéto ester (128 (3S3 mg, 0.63 mmole) 

in m~thanol-water (15:2) (17 ml) were add d ethy~ hydrazino­

Acetate hydrochloride (123 mg, 0.8 mmole) and sodium Acetate . ~ 

(74 mq, 0.9 mmole). The re~ction mixture as stirred overniqht 

at room temperature and evaporated to rem Va most of methanol. 
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The residue was partiti~ned between chloroform and water. 

The organic phase was dried over sodium sulfate and evaporated • 
• Purification of the crude product on silica gel plates using 

chloroform-ethyl acetate (5:3) gave 299 mg (72%) of the 

hydrazone (168,169) as an oil. 

-1 I. r. (CHCl 3): 3400, 3250 (NH~, 1740, 1690 (C::sO) 1 1550 cm (C-N) . 

N.m.r. (CDC13): ô 0.05-0.30 (m, 18H, 3Si(CH3)21 , 0.87-1.10 

U.v. 

Ma"ss 

Anal. 

p,EtOH) • 
max • 

(m, 27H, 3C (CH 3) 3) 1 1. 33 (t, 3H, J=7 Hz, CH2CH3), 

3.75 (s, 3B, OCH3), 3.76-4.50 (m, 9.H), 5.10 

(m, 1/3H) , 5.33 (m, 2/3H) , 9.30 (m, 1/3H, ~\Œ), 

10 . 3 6 ( t , 2/3H, NH). 

287 nm (log e: 3.80). 

(120°): mie 663 (M+) , 648 + (M -CH 3) , 632 + (M -OCH 3) , 618 

+ (M -OCH2CH 3) , 606 + (M -C (CH 3) 3) , 505, 473, 30,1. 

Calcd. for C30H62N20aSi3: C, 54.34; H, 9.42; r-l , 4.22. 

Found: C, 54.41; H, 9.29; N, 4.07. 

3(5)-(2S,3a-Dihydroxy-2,3-di-O-tert-buty1dimethylsily1-4B­

tert-butyldimethy1siloxymethyl-furan-1S-yl)-5(3)-carbomethoxy-

4-hydroxypyrazole (170) 

To a solution of a mixture of the isomeric hydrazone , 

(168,+69) (4-21 mg, 0.64 mIno1e) in dry Methanol (10 ml) was 
1 

added methanolic sodium methoxide (2 ml of O.2M). The solution 

, , 
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was refluxed for 4-5.hr and evaporated to dryness. ~pe.Fesidue 

was taken up in la ml of water, acidified w~th O.lN hydrochloric 

acid and then immediately extracted with ethyl acetate three 
1 

times. The organic phase was dried over sodium sulfate and 

evaporated ta dryness. The residue was chromatographed on 

silica gel plates usinq ethyl ether, giving 84 mg (20%) of 

(170) as an ail.' 

I. r. (CHC1 3): 3420 (OH), 1725 (C=O) 1 1690 (C=-O) , 1610 (C=N) 1 

1460 cm-l. 

N.m.r. (CDC1 3):· ô 0.10-0.20 (m, 18H, 3Si(CH3) 2)' 0.73-0.90 

(m, 27H, 3C(CH3)3)' 3.56-4.50 (m,'aH), 5.10 

(d', lli, J=2.5 Hz). 

U.v. (ÀEtOH): 230 (log € 3.72) and 275 nm (log ~ 3.58) in 
max 

O.lN HCl. 

243 (log e 3.58) and 320 nm (log e 3.75) in 

O.lN NaOH. 

MëlSS (160°) : mie 601 
+ .1' 

(M -CR3) , 5a5 (M+ -OCR3) 1 • 559 + (M -C (CH3) 3) , 

527 + CM -CH3OH-C(CH3)3)' 427, '355, 299, 26,1. 

Anal. Calcd. for C2aH56N207Si3: C, 54.55; H, 9.09: N, 4.54. 

Found: C, 54.37; H, 9.18; N, 4.43 
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3(5)-(2a,3~-Dihyroxy-2,3-di-O-tert-butyldimethx1silyl-4a-

tert-but eth l-furan-1B- 1)-5(3)-carboxamide-

4-h droV'U'1''''"''azole (171) 

A solution of (170) (154 mg, 0.25 mmole) in saturated 

methanolic ammonia (10 ml) was stored at roo~temperature 

for 7 days. Evaporation of the solvent and ciroma~Ogr~PhY 
~ 

\ 

of the residue on a silica gel plate usinq chloroform afforded 

120 mg (80%) of (171) as a foam. 

I.r. (eHe1 3) : 3480, 3380, 3200 (OH, NH), 1680, 1620 (C:lltO) , 

1590 cm-l. 

u.v. (ÀEtOH) : max 227 (log e: 3.75) and 270 nm (log e: 3.64) 

in a .lN Hel. 

235 (log e: 3.67) and 310 iun ~(lO9 e: 3.83) • , 
• 

in O.lN NaOH. 

Mass (200 0
) : mie 54'S + (M -C (CH3) 3) 1 489, 478, 462, 388. 

Anal. Calcd. for C27H5SN306Si3: C, 53.82; H, 9.14; N, 6.98. 

Found: C, 53 .. 93; H, 8.98; N, 7.12. 

.. 
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3(5)-{2a(3a~DihydroxY-4S-hydr9xymethyl-furan-1S-yl)-5(3)­

càrboxamide-4-hydroxypyrazole (1,62) 
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A solution of (171) (le2 ,mg, 0.17 mmole) in 50% aqueous 

trifluoroacetic acià (5 ml) was stirred at room temperature 

for 30 min. The reaction mixture was evaporated to dryness 
, 

in v~cuo, leaving a yel10w solid. Recrysta11izat~on from 

acetone-benzene gave 30 mg (72%) of (162) with m.p. 195-196°. 

I.r. (KBrl: 3540, 3000-3400 (OH and NH) 1 1650, 1615 (CaO), 

1570, 1545, 1480, 1080 cm- l 

U.V. (À
EtOH): 228 (log e: 3.86) and 269 nm (log e: 3.71) in max 

o .1N HCl. 

-
232 (log e: 3.72) and 312 nm (log e: 3.89) in 

O.lN NaQH. 

Mass (200°): mie 259 (M~) l '242 (M+ -NB3), 241 (M+ -B20) 1 224 

C,M+ -H20-NH3}, 223' (M+ -2B20) 1 211 (M+ -NH 3":OCH3) , 

170 (BCHaCHOa), 156 (b+30), 140 (BeR2) 1 139, 

124,123, rO' 56, ~4,'45, 44,43,42,'41 (B is 

the heterocyc1ic base) • 

AnaL Calcd. for C9H13N306: C, 41.7à; H, 5.06; N," 16,.21. 

Found: C, 41.71; H, 5.37; N, 15.92. 

, 1 
, 1 
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A mixture of 

7-oxabicyclo [2.2.1] heptane (173) and 2-endo-carbomethoxy-

6-exo-hydroxy-3-exo-nitro-7-oxabicyclo [2.2.1] heptane (174) 

To a solution of (90) (654 mg, 3.3 mmole) in dry 

tetrahydrofuran (10 ml) was ad~ed 2 ml of IM,diborane (2 mmole) 

and the reaction mixture was stirred at 0° for 2.5 hr under 

nitrogen. Following evaporation to dryness in vacuo, a 

solution of the residue and triethylamine N-oxide dihydrate 

Q (368 mg, 3.3 mmole) in tetrahydrofuran (15 ml) was heated 

under reflux for 2.5 hr. The solvent was evaporated and the 

residue was dissolved in ethyl acetate, washed with a.1N 

hydroch1oric acid, water, and brine. The organic phase was 

dried over sodium sulfate and evaporated. The residue was 

chromatographed on a co1umn of silioic acid using chloroform, 

giving 300 mg (42%) of ~he isom~ric mixture of the a1cohols 

(173, 174) as an oil. 

. 

I. r. (CHC~O): 36'20 , 3450 (OH) 1 1755. <CmO), 1570 cm -1 (N0
2

). 
o • A 

N.m.r. (CDC1 3): Ô 1.46-2.33 (m, 2H), 2.83, (m, IH), 3.66-4.16 

(m, SB), 4.63-5.30 (m, 3H)." 
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A mixture of 5-exo-acetoxy-2-endo-carbo~ethoxy-3-exo-nitro-7-

oxabicyclo [2.4.1] heptane (175) and 6-exo-acetoxy-2-endo­

carbomethoxy-3-exo-nitro-7-oxabicyclo [2.2.1] heptane (176) 

Treatment of a mixture of the isomeric' alcohols (173, 

174) (218 mg, 1.1 mIno1e) with acetic anhydride (2 ml) and 

one equivalent of p-toluenesulfonic acid monohydrate, under 

conditions identica1 to those described for the preparation 

of (181,182), gave 194 mg (75%) of the isomeric mixture of 

the Acetates (175,176) as an Oil. 

-1 I.r. (CHeI 3 ): 1740 (C=O), 1560 cm (N0 2). 
(/ 

N.m.r. (CDC1
3

): Ô 1. 70-2.33 (m, SH), 3.70":'3.96 (m, 4H), 

. , 4.55-5.23 (m, 4H). 
/ + ,+ + ' 

Mass (120°): mie 260 (M +1), 228 (M -OCH 3), 213 (M -N02) , 

169,,43. 

Anal. Calcd. for C10H13N07: C, 46.33; HI 5.06; N, 5.40. 

Found: C, 46. 36 ; H, 5. 20; N,S. 35 • 
1 • 

A mixture of 2-exo-acetoxy-S-carbomethoxy-7-oxabicycl0 (2.2.1] 
, 4 .. 

hept-5-ene (177). and 3-exo-acetoxy-?-carbomethoxy-7-0x.~icyclo 

(2.2.1] heet-·5-ene '( 178) 

A solution of.th~ isomeric mixture of the Acetates 

(17$,176) (260 mg, i mmolel and DSU (161,mg, 1.1 mmole) in 

.... _ .... _, --~- ~",_~_w'.& , . .' _. ,'., ,.-l 
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Methylene chloride (20 ml) was heated under reflux for 1.5 hr. 

The mixture was diluted with methylene chloride, washed with 

O.lN hydroch1oric acid and water, dried over sodium sulfate 

and evaporated. The residue was chromatographed on a co'lwnn 

of silioic acid using ch1oroform-hexane (3:1), qivinq 174 mg 

(82%) of the isomeric mixture of the olefin ester (177,178) 

as an ail. 

I. r. (CHC1 3): 1725, 1710 (C=O) , 1610 cm -1 (C=-C). 

N.m.r. (CDe1 3): é 1.7~-2.20 (s+m, SH, COCH3 and CH2), 3.70 

(s, 3H, OCE 3) 1 4.76 (m, ~H), 4.90-5.20 (m, 2H), 

6.92(d, I/2H, J-2 Hz), 7.03~, 1/2H, Js2 Hz). 

+ + + Mass (120°): mIe 212 (M ), 197 CM -CH3) , 18! CM -OCH3) , , 
169 (M+-COCH3), 152 (M+-CH3COOH). 

Anal. Calcd. for ClbH120S: C, 56.60; H, 5.70. 

Found: C, 56.47; H, 5.40. 

A mixture of 2-exo-carbomethoxy-5-exo-hydroxy-J-endo-nitro-

7-oxabicylo [2.2 .11 o heptane ,(179) and 2-exo-earbomethoxy-6-exo-
~ , 
hydroxy-3-endo-nitro-7-oxabicyclo [2.2.1] heptane (180) 

-, 

A solution of (91) (858 mg, 4.3 mmo1e) in dry tetrahydrofuran 
l 

(10 ml) was cooled to 0° by means of an ice-water bath. To _ . 

the react~on mixture was added 3 ml of lM,dibor.ne solution 

(3 mmole) in tetrahydrofuran and s·tirred for ,2.5 hr under 

1 
1 
\ 
l' 

1 
1 
If 
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. 
nitrogen. After evaporation to dryness'in vacuo the residue 

and triethylamine N-oxide dihydrate (658 mq, 4.3 mmole) were 

dissolved in dry tetrahydrofuran (20 ml). The reaction mixture 

was heated under reflux for 2.5 hr. The solvent was evaporated 

and the residue was dissolved in ethyl Acetate, washed with 

O.lN hydrochloric acid, water and with brine, dried and 

evaporated. Chromatography of th~ residue on a column of silicic 

acid using chloroform afforded 416 mq (46%) of the isomeric 

mixture of the alcohols (179,180) 'as an oil. 

-1 I.r. (CHC1 3): 3650, 3500 (OH), 1735 (C=O), 1578 cm (N02 ). 

N.m.r. (CDe1 3): ô 1.33-2.40 (m, 2H, CH2), 2.90 (m~ lB) 1 3.26 

(m, lH), 3.73 (s, 3H, CH3), 4.03 (m, lH) 1 

4.60-5.1.0 (m, 2H), 5.10-5.30 (m, lH). 

Anal. Calcd. fo~ CaHl1N06: C, 44.24: H, 5.11: N, 6.45. 

Found: C, 44.35: H, 5.10; N, 6.78. 

A mixture'of 5-exo-aèetoxy-2-exo-carbomethoxy-3-endo·nit~o-

7-oxabicyclo [2.2.1] heptane (181) and 6-exo-acetoxy-2-exo­

carbomethoxy-3-endo-nitro-7-oxabicycl0 [2.2.1] heptane (182) 

A mixture of the isomeric alcohols (179,180) (504 mg, 

2.32 mmole) and acetic,anhydride (4. ml) containing.one 

equivalent of p-toluenesulfonic acid monohydrate w~s stirred 

{} 
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overnight at room température. The react10n mixture was 

evaporated to dryness and the residue was disso1ved in 

ch1oroform, washed with wa~er and dried over sodium sulfate. 

FOllowinq evaporation of the solvent chromatoqraphy oi the 

residue on a column of si1icic acid uSing ch1oroform afforded 

495 mg (82%) of the isomeric mixture of the Acetates (181,182) 

as an oi1. 

One isomer, the 5-acetoxy heptane (181), was crystal1ized 
~ 

from hexane-carbon tetrachloride to qive 220 mg with m.p. 

113-114 0
• 

-1 l • r. (KBr): 1735 (C=O) , 1550 cm (NO 2) • 

N.m.r. (CDC1 3): ô 1.70-2.60 (M, SH, COCH) and 7H2) 1 3.36 

(d, 1H, J-4 HZ'), 3.70 (s, 3H, OCH3 )" 4.70-
.-- ' , ~ 

:5.03 (m, 3a), 5.30 (m, 1H). ) 
• + + -

Mass (120°): mie 228 (M -OCR3), 213 (M -HN02) 1 171, 153, 128, 

43. 
\ 

Found: C, 46.5~7 H, 5.26; N, 5.43. 

Upon evaporation the residue cQntaminated with (181) was 

ch;-omatographed on a column of .. 5i11cio acid using ch1oroform- -

hexane Cl: 1) t giving 121 mg of the '6-acetoxy heptane' (182) as 

"an oil at the expense of'both i'somers. 'l'he product solidified 

, on standinq with m.p~ 67-68°. 

-, 

1 

\ ________ --..~~ __ II 
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.. 
~. r. (KBr): 1735 CC-O) , 1550 cm -1 (C-N02). 

N.m.r. (CDel]): 5 1.70-2.30 (m, sH, COCH] and CH2), 3.37 

(d~ IH, J a 4 HZ), 3.70 (s, 3B, OCBJ>' 4.70-

5.06 (m, 3B), 5.20 (m, IH). 

+ + Mass (120°): mie 228, (M -OCH3), 213 (M -HN02 ) , 169, 1~7, 81. 

Anal. Calcd. for CIOH13N07: C, 46.331 H, 5.06; N, 5.40. 

Found: C, 46.~3; H, 5.30; N, 5.21. 

-, , 

2-Exo~acetoxy-S-carbometho~-7-oxabicyolo [2.2.l} hept-S-ene (183) 

A solution of (181) (60S mg, 2.34 mmole) and DBU (444 mg, 

281 mmole) in methylene chloride (20 ml) was refluxed for 1.5 hr. 

The mixture was diluted with methylene chloride, washed with 

O.lN hydrochlo:ic aoid and water, dried, and evaporated. 

Chromatography of the residue on a column of 51110io acid using 

ohloroform-hexane (3:1) afforded 453 mg (91%) of (183) as an 

oil which so1id1fied on standing w1th m.p. 62-63°. 

I. r. (KBr): 1725, 1710 (C-O) , 1610 cm -1 CC-C). 

N.m.r. (eDel3): ô ~.73-2.20 (s+m, SH, coca) and CH2), 3.70 
"-

(s, 3H, ocal ), 4.76 (q, la, Ja3 Hz, 8-2), 

5.00 (d, lB, Jl,6-2 Hz, H-1), 5.16 (d, IH, 

J.,3exo·4 Hz, H-4), 6.92 (d, lB, J 6 ,1-2 Hz" 

H .. 6) • 

Mass (12{)O): mIe '212 (M+) , llU (M+ ... OCR3) " 169 CM: -COCH3), 152 , 

+ ' '(M -CH
3
COOH) 1 137 1 127 1 109. 
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Anal. Calcd. for Cl0H1205: C, 5~.601 H, 5.70. 

Found: C, 56.45, H, 5.36. 

3-gxo-aeetoxy-5-carbomethoxy-7-oxabieyclo (2.2.11 hept-S-ene (184) 

A mixture of (182) (189 mg, 0.73 mmole) and DBU (122 mq, 

0.8 mmo1e) in methylene ch10ride was heated under reflux for 

1.5 hr. After usual w6rk-up chromatography of the residue on 

a co1umn of silicic acid using ehloroform-hexane (3:1) gave b 

108 mg (70%) of (184) as an oil which was crysta-llized from 

hexane-carbon tetrach10ride with m.p. 119-120°. 

I.r. (Kar): 1725, 1710 (C-O) 1 1610 cm-1 (C~C). 
\ 

N".m.r. (CDC1)}: cS 1.70-2.10 (s+m, sH, COCR3 and CIi2), 3.70 

Mass (120°): 

(s, 3H, OCIi3), 4.75 (q, lH, J-3 Hz, H-3), 
.. 

4.90-5.10 (s+m, 2H, g-4 and H-l), 7.03 (d, l'H, 

\ J 6 ,,1-2
1 
HZ,. H-6) • 
+ + + mie 197 CM -CH3) , 181 (M -OCR3), 169 CM -COCH 3), 

152 (M+-CH3COOH) 1 127, 95, 43. 

Ana~. taled. for CIOH120S: C', 56~60; a, 5.70. 

round: C, S6.46; H, 5.'58. 
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Math:1 2-(3a-acetoxy-4a-hydroxymethyl-furan-la~yl) glycolate 

(186) 

To a solution of (183) (483 mg, 2.28 mmole) in dry 

methy1ene chloride at -78 0 was bubbled 9zone until a blue 

color persisted. Exoess ozone was flushed with nitrogen 

and dimethy1 sulfide (0.5 ml}1was added. The reactian , 
; 

mixture was al10wed to come to raom tamperature over a 

period of 5 hr. The solution was then washed with brine 

three t~es, dried over Magnesium sulfate and evaporated. 

Ta a solution of the residue (185) in dry tetrahydrofuran , 

(20 ml) at 0° was addea· lithium tri-tert-butoxyaluminum 

hydride (2.3 g, 9.1 mmole). The reaction mixture was stirred 

at 0° for 5 hr and a soluti~f ammonium sulfate (1.5 q) 

in water (2 ml) was addea. After filtration ovar a layer of 

Celite and evaporation, the residue was dissolved in ethy1 

Acetate, washed with water, aried, ,and.evaporated. The 

~esidue was chromatoqraphed on a oolumn of 511icio acid 

using ohloroform-ethyl aoetate (1:2), g1vinq 349 mg (62\) of 

(186) as an ail. 

1.r. (CHCl3): 3S0~ (OH), 17S0 cm-l(c-o). 

'. 

N.~.r. (CDC13): ~ 1.73-2.56/ (s+m, SH, COCH3 and OCHC~2)' 3.43-4.16 

(m, 7B), 4~16-4.80 (m, 3~), 5.10 (m, IH). 

;. 
1 
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Anal. Calcd. for clOa1607: C, 48.38; a, 6.50. 

Found: C, 48.497 H, 6.28. 

Methyl 2-acetoxy-2-(3a-acetoxy-4S-acetoxYffiethyl-furan-1S-yl) , .. ~ ~ 

qlycolate (187) ~_ 

The dio1' (186) (157 mg) was acetylated with acetic 

anhydride (1 ml) and pyridine (2 ml). After the usual work-up 

chromatography of the crude product on a co1umn of silicic 

acid using chloroform-hexane- (1:1) afforded 149 mg (70%) of 

(187) as an analitically 'pure oil. 

I.r. (neat): 1745 cm-1 (caO), no hydroxyl group. 

N.m.r. (CC14): ~ 1.80-2.70 (m, lla, 3coca'3 and OCHC!!2)' 3.63 

.. ' 

. .' (m, 3a, OCH3) 1 3.76-4.06 (m, 3B), 4.30 (m, lB), 
'0 

4.73-S.06·(m, 2a).· . . .. 
Mass (110°): mie 332 (M+), 301 (M+-OCH3), 273 (M+-CH3COO), 259, 

201, 152, 81. 

Anal. Calc:d. for c14a2009: C, 50.~0;: a, 6.07. 

Found: C, 50.38; S·, 6 .. 26~' r" 

l ' 

.\, 
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Methy1 2-(3a-acet0!X-4S-tert-butyldimethy1siloxymethyl-furan-
" . 

IB-yl) qlyco1ate (188) 

To 4 solution of (186) (242 mq, 0.98 mmole) in d1methy1-

formamdàe (5 ml) was aàdeà tert-buty1dimethylsi1yl ch10ride 

(148 mq, 0.98 mmo1e) and imidazole (166 mg, 2.4~ ~ole). The 

reaetion mixture was stirred at room temperature for 20 hr. 

The solvent was evaporated in vaeuo. The residue was dissolved 

in eh1oroform, washed with water, dried over sodium sulfate, 

and evaporated. Chromatography of the residue on a column of 

si11ci6 acid using' chloroform gave 276 mg (77%) of (18S) as 

an oi1 • 

. l.r. (neat): 3450 (OH), 1740 cm-l (C-O). 

'N.m.r. (eDe13): d 0.13 (s, 6R, SiCCH3"2)' 0.93 {s, 9R, e(CH3)3) , 

1.'6-2.53 (s+m, SH, coca3 and OCHC~2) 1 3.23 

(~) " 3.53-3.97 '(m, 68), 4.10-4.46 (l}\, 2H), 

5.03 '(m, lH). 

Anal. Ca1ed. for C16HJOO,,si: C, 53.04; H, 8.29. 

round: C, 53.27;,R, 8.,05. 

.. ,. . . 
! 
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Methyl 2-(Ja-acetoxy-4B-tert-butylàimethylsiloxymethyl-furan­

lB-yl) glyoxylate (189) and l-Methyl-4-ethyl 2-(3a-acetoxy-4B­

tert-butyldimethylsilo~ethyl-furan-1B-yl) maleate (190) 

(a) A solutiQn of (188) (136 mg, 0.38 mmole) and acetic 
\ 

anhydride (1 ml) ~n dry dimethylsulfoxide (4 ml) was stirred 

overnight at room t~perature. The, mixture was àiluted with , 
chleroforrn and washed with a aqueous sodium bicarbonate 

solution, water, and brine. Evaporation of the dried organic 

phas~ gave the cruàe keto ester (189). To a solution of the 

resulting keto ester (199) in methylene chleride (la ml) was 
~ 

added carboethoxymethy1enetriphenylphosphorane (1J2 mg, 0.38 
, 

mmole). After 2 hr of stirring at room tem,erature, the 

reaction mixture waS evaporated to dryness. Chromatography of 

the residue on a column of 8i1icic acid using chloroform 

afforàed 1J8 mg (86% from the hydroxy ester (188» of (190) 

as an oil. 

I.r. (CHC1): 1745 (C-O), 1675 cm-1 CC-Cl. 

N.m.r. (CDC13): ô 0.06 (s, 6H, S~(CH3)2)' 0.86 (s, 9R, C(ca3 ) J)" , \ 

1.25 (t" 3à, J-7 Hz, CH2C!!.3)' 1.70-2.2·3 (s+m, 

SH, COCBJ and OCHC!2)' 3.50-3.63 (m, 2H),. 3.66 

(1, 3B, OCH 3), 3.86 (m, lB), 4.03 (q, 25, J-6 Hz, 

OCH2), 4.60 (m, lB), 5.00,Cm,JH), 6.03· (d, lH, 

J-2 Hz 1 C-CH). 

/ 
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( ) Mass (120°): mie 373 '(M+ -C (CH3) J)' 313, 267 , 253. 

Anal. Calcd. for C20H3408Si: C, 55.81; H, 7.91. 

Found: C, 55.92; H, 7.78. 

(b) To a solution of (188) (272 mg, 0~76 rnmole) and dicycl~­

hexylcarbodiimide (~06 mg, l mmole) in dry dimethylsulfoxide 
- , 

(1 ml) and benzen. (1 ml) was added dichloroacetic acid 

(0.04 ml, 0.5 mmole) at 0°. After 30 min at room ternperature 
, 

~ 

the mixture was cooled to 0° and a concentrated aq~eous 

solution of oxalic acid (80 mg) was added. The mixture was 

kept at room temperature for 20 min, d'iluted with ethyl acet.ate 

and then the precipitate was filtered. The filtra te was washed 

five times with water and the organic phase was dried'over 

Linde 4A Molecular Sieve and evaporated to a syrup. The latter 

was dissolved in ethanol and a small amount of dicycl\ohexyl'urea 
\ 

was removed by filt~ation. Evaporation of the solvent 1eft 
" 

, \ 

the keto ester (189) as a syrup that was contaminated b~, 

minor amounts of dicyc1ohexy1urea and N-dichloroacetYl-N~'­
dicyclohexylurea. To a solution of the crude n89) in methy~~e 
c:hloride (10 ml) was added c:arboethoxymethyiene~riPhel!YlPhos~!'r~ne 
(264 mg). After 2 hr at room t~mperature the mixt~e was ' . . 
evaporated ,to dryness. The resiaua,was chromato9r~phed on a 

column of silioic: acid uSing chloro"forrn, giving ï12 mq 

from Cl88» of (190) as an oi1. Spectral data (n m.r., 

were i4entical w:l.th 'those of the above, compo:md. \ 

\, \\ 
\ 

'\ \ 
.. '\ \ 

(44% 

i. r.) 
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2-(3a-Acetoxy-4B-tert-butyldimethy1si1oxymethy1-furan-la-yl) 

ma1eimid.e (191) 

A mixture of (188) (152 mg, 0.42 mmo1e) and acetic 

anhydride Cl ml) in dry ~imethy1sulfoxide (4 ml) was s'tirred 

overnight at room temperature. The mixture was diluted with " 
~, 

chloroform and washed with a aqueous sodium bicarbonate solution, 

water and brine. The organic layer was dried over Magnesium 

sulfate and evaporated to dryness, leaving the crude keto 

ester (189) as an oil which was contarninated with minor 
r 

amounts of impurities. Without a~y further purification this 

material was directly used in the next step. A solution of 

- , 

the resultinq keto ester and carbamoylmethylenetriphenylphosphorane 

(121 mg, 0.38 mmole) in dry chloroforrn was st!rred at room 

temperature for 2 hr. The solvent was then evaporated: The 

residue was chromatographed on a si1icà gel,plate using ethy1 
( 

etner-hexane (1:1), qivinq 58'mg (38% from hydroxy èster (lBS» 

of (191) as an oil. 

I.r. (CHC13,: 3420 (NB), 1780, 1740, 1725 (C-O), 1645 cm-1 CC-C).' 

U.v. O.:;~H}: 222 nm 

N.m.r. CeDC13): Ô 0.06 ~(S, 6H',Si,CCH3)2)' 0.86 (s, 9R, c{ca3)3), 

1.70-2.76' (s+xn, 5H, COCH3 a~d OCHC!!2)' 3.7,0-

""3.90 (m, 2H), 4.10 (m,lH), 4.83-5:23 (m, 1H), 
'- - ~ 

5 • 33 (m, ·lH), 6. 55 ( t, lH , C-CH)·, 8. 20 (m , lH, NB) • 

+ . Mass (120°): mie 312 (M -?(CH 3)3)' 253, 129, 11?, 75, 73. 

f 
J • 

[ 1 
1 
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Founà: C, 55. 12 7 H, 7. 35; N, 3 • 6 B • \ 

f 2-(3œ-hydroxy-46-hydroxymethy1-furan-16-y1) ma1eimide (172) 

\ 

A solution of (191) (102 mg, O.~B mmo1e) in O.lM 

methano1ic hydrochlotic acid (15 ml} was stirred at room 

temperature for 29 hIl. After evaporation to d~ss, " 
cl " 

chromatography of the residue on a col~ of si1icic acid 

using acetone-ethy1 acetate (3:7) afforded 40 mg (~8%) of 

(172) as an oil which was crystallized from acetone~benzene 

with m.p. 122-124°. 

l • r • ( KBr) , : 3510, 3 320 1 3280, 3100 (OH, NH) 1 17 7 0, 1 7 0 0 (C-O) r 

16,40 cm-1 (C-C). -
U.v. P\:;~H): 222 nm (log e; ~.18). 

Mass. (170 0
): mie 214 (M+ +1), .213 (M+), 19S (M+ -H;20) 1 182 , 165, 

IC 

153, 136, 124, 81,' 53',·44, 43, 39, 31, 29. 

Anal. Calcd. for C9H11N05 : C, 50.70; H" 5.~O; N, 6.57. 

Founà: C, 50.85; H, 5.40'; N, '6.64. 

, 
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