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Tlie c.ontent of this thes,is, includes IIAn roac~ to' 
1 • , 

the synthesfs of C-nuéleosides (part 1) and liS ud1es towards - . 
~ , 

an oxacep'ha'm derivat1ve ll (part !!). Ba.ch part 15 indexed 1. 

separately with'a listing of 'sub-headings in t 
, 

has an independènt nbmbering system •. 
~ 

text', . and-

" 

Part l, describes the synthesis of a valu inter- ' 

mediate, a a·keto acid, which makes C~nucleos des accessible, 

an explanation of an unusual cleavage reactio ; and an ozonide. 

rearrangement to D,L-talofuranuric acid derivatives. 

After' successful conclusion of the above 5ubject, our 

immediate interest was a study towards the total s'ynthesis of', 
~ 

" an oxacepham derivative and these re5ults are described'in 

1 
J , 

$_(~\...' ~I, page IS8. 
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. The synthesi~ of an a-keto-ester ~cfd as key intermediate' 

fo;'the preparation of Ç-nucleosides was studied, startin~ fTom ,1 
j ." 

furan and me·thyl B-nitroacrylate. The reaction :p~thwày of an . ) . 
unusual 'cleavage 'ki ~h soaium metapériodtate was' i~~estigated and 

• 'b" '~ 
1"" il j 

an older misconception corr.e,c'ted. J'he. rearràngejllent of the', 
• 1 

l 

ozofiide. leading to a 2 ,S-~nhyd.ro8Il~se derivatiie was studied. 
, " 

During the èou~se of this investigation 8 novel syn~hesis of 
" 

dimèthyl I-O-oxalyl-2,3-di-O-isopropylidene &~D,L-riboh~~ofuran 
" l t ., \ , / 

5-ulosuronate was d~veloped. In addition, several new D,L

talofuranuric ac~derivatives we~e prepared. 
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Part.i.e 1 . ) 

Cont~ibution à l~'synthèse des C-nucl 
u 

1 . , Kal'~ G~oBingel' ' 

• • Département de Chimie -

. Universi~é McGill 
.\ 

~ontréal, Québ~c, Canada'" 

.. 
, . 

synthè e d'un àcide 'ester a-cétonique, inter: édiaire clef' 

I # • d ' C,- j'lé '. d é l. à . a reparetlon, èS -nuc OSl es, est r lsee p rtlr . 

,0 

furanl et~du e~nitroacrylate de ~éthyle. e schéma r actionnei ~ 
de la stngUliè~e sci~~ion au ~ét~periodate d ' sodium es étu~~é; 
la ~orrection d '~ne éo'nception p6ri~ée' '~n ,r La ransposi-

," 

tion dluri ozonide aboutissant" à '1'ànhydro~ ,S allose es décr,ite'. 
1 .:1 

.. Au ·coVrs.de cet~e étud~ ~e nouvelle syn~ èse de l'O-oxalyl-l di~ 
l' l " , . 

O-i'sqpropylidene-2,3-p,L:-rib~'hexofUran~'!l osuronate de ~éthyle 
).. /; 'j 1 

est ,mise au point. ne pl~s, d'ivers de l"acide D,L-
/0 r· \. 

ta~f~ranUriqUe s0,t ~r'p~rés. . 
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a. Introduction 

Among the relatively few naturally occurring nucleo

~ides, whieh f=ontain ribose bound to a carbon atom o"f ~he 
1 2 

heterocyclie aglycone, sorne - the formycins (1) , , oxa-
.S ~ 5 

zinomycin (2) , pyrazomycin (3) , and showdomyein (4) 

appear t9'act as antagonists to ~ssential metabolites, 
" 7 e 

whereas others- pseudouridine (S) , and formytin A (la) , 

• appear to resemble their respectiv,e counterparts - uridine and 
'" 

adenosine - to suc~ deg!e~ as to be capable of funetioning 

,as mét~bolic substituen~5. 
~ . , . 

Recent studies have focused on riboaucleoside 
~ '. 

phosphorylase, on the mode of action of c-nucleoside~a~d 

their bio-synthesis. The observation of specifie re!e~ 
... 

''!' ' of antiviral activity Qf pyrazomycin (3) by ut:idine· alone , 

points to pyriDri4ine biosynthetic pathways as a pO,ssible 
. 1 0 

vulnerable site for growth inhibition t 
( 

The agricultural potential of formyein B (lb) against 
'11 • 

riee planl: dise'ase and the inhibition of the multiplication 
12 

of bromegrassmosaic virus in barley seedlings has been 

not,ed, but no Medical usefulness has tbus far been demon-
1 1 

strated formembers of the C-nucleo~ide class 

. . 

.. 

.' 

Î( "', .. 
' . 

1 
" 
1 

<Ji 



.1 

. \ , . 
.. 

\. 
r~ 

) 
1 

,. 
~ 

, 

) 

.. 

1 

___ 1111&."..-- - __ ooo -

" 

.\ 

HO 

HO 

-2-

R .. 

tr 
N 

OH OH 
.,. 
1. R= NHz 
1b R-= OH. 

3 

~* 

HO 

"--\ 
o ~ 

., 

HO 

OH , . 
2 .,. 

HO 

OH 

4 

OH OH 

5 

ê 

OH 

OH 

-( 
0 

\ 
\ 
\ 
\ 

, 
... ~'" ... "~:Hif.."'7 """ .. ; .. _- ! 

" 

" 

,; 

'" 

'" 

, 

1 , 
! 

\ 
1 , 

1 

} 
/1 

-1 
l 
î 
'j , 
! 
J 
l 

l 
J 
J 

j 

j 
j 

l 
l 

-1 
l 



" 

e . 

. ' 
, q 

,1 

- 3-
• "fIr 

,/ 

The preparation of additional C-nucleosides by syn

t.h~sis or by modification ,of natura~ly .av8:,ilable ... materials, 

~oge~her with ~,detàiled undér~t~nd~Dg of structure -

activity relations~ips; will assist in the realization of 

the the):'apeutic potenti.l of 'Othis versatile' group 0 
1 ...... (J .. 

" 

, 

C-Nucleosides represent an important class of antibiotics , " 
" . 

due to their close analogy to the normal nucleoside metabofites. 
, ~ ,) 

The varied effects of C-nucleqsid~s on numerous enzymatic ' .' 
~. • \ .J 

, ' " 
conversibnsrender 'their' further investigation às potential ' 

chemotherapeutic agents a 'worthwbile., unde)'taking 0' 

r 

Recent surveys dealing with C-nu~leo~ide research" . 
include ~~ discussion of'tha relationship between n~cle~$ide 

; , 4 .. ~, , ' ' <' - lie 
•. confor~tien ,nd bi~logical aetivity by Ward and Reich • 

_ ' , .... :; ~I .. p.f!. \'\. \ ~ 
, 0 

J 

Suhadolnik' has,thoroughly reviewed the pertinent literature~ 
lit -

up to' 1970 .' ,The ~ole of s~gars in medleine, especially 
" ' " 15 

in chemotherapy, has been reviewed by Tronchet et:al •• 

St!u~turally t~lated~compounds~have be~n synthesit~d with 
... (Il ,. 

~ . 
the hope o'f enhançing biologieal activi ty. Paràmeters in-

, " 11'-15' G? ' 
yoivefi in" ndrug design" have been discussed m',cletail 

~ '.;;.b~. --.J.....;B;;;.;i;;,;;o;.;;1;;..;o .. Ba.;;i;.;;c;.;;;8;,,;;,I;......;..a;,,;;c..;;;t.;;.iv..;,.;;;.i...;;.ty .... , 
, 

1 

, , ~ 

Altho~ah br.q~d-spectrum antibacte~ial agents and ~nti-
, , 

'biotics have been developed to wide cli~~cal ùs.efulness ~ver' 
.. • -- , " ~n ~ 

, , 

the period .of the ,past 40' rea,rs,. the cC?mparable SC1:'eenilli" , 

t 

,. t,. ,i .. . , 

effort in the di,,:"è'ction ~f the develd})mÉtnt of, antiviral ,âgents ',,.c, 
'. 1.$ - 1 t 

has yielded result-s so, faT short of the same' degree of sucçess '" ' • 
l 

, . 

. " 

, " 

.. ",' 

• Q 

o " 

--_ .. , ...... '.y. "7'.-~ ........ -. - ""q'" ._"J#1'7."J'Â4-~·",,"'; .. 4:'b:n ~.,,\.~:~~'"!~jj~~1<rl~;'.~.J.~~'; .... -;_';.U_h:.- •. ~."" ... ~~. 'r_-~.;!7_::~ .•. ~ .,,~ .. -:.; {{~~~j ;1L,~: ~ ~~ ~I() \ ' '> ,',< ) 11, .. ; d;~~~:: T<'"':.:i~:'''';-, _: ... ~ 



,} 

/ 

~ ~.~~_~'iClot .... f4 

-""".....,. 

\ 

- ~'1" , 
• 

.. . . '"'--7 , , ) ,1 . -
This situàti~n ,prevails despite the fact that , , reskiratory 

,conditlo~~',' ~!pecdally those of, v~ral origi'n, are responsib~e 
,-, 2.0-21 

for more ~han half of all acute hnman il~nesses 

In ~eal'_ching for ,a broad - spectrum antiviral agent, 

an effort ris' made to concent'rate on t~e synthe!is of " 
, ' . ,.,. 

compounds which "h.vé a poi~ntial effect, on ~zy~tiè 

processes which aré ~o~on ,to all known viruse~,such as 

virus ·.indue'ec;l nuclefc 'acid and protein synthesis. rhese' 
~ 

processes aTe carried ,out by enzymes speeifical1y coded '. 

" for in the viral genome: Another c01DJllon feature of aIl 
" , 

, , ' 

t viruses is thei~ lack o~ prot~~~~Synt~i~ing :.capabilïty. " 

It is conc.eivable that lhitiation of, virus-specifie pl'otein 
.. 

anj/or RNA synthesis aay uti~ize Uni~ue viral enzymes wh!ch 

could be specificalIy' inhibited. 

, 2S 
fi. r,view br Wagner in 1911 gi!~,S details of nucleoside 

antimeiâbolites, whieh exert 'their actlvit1 by incorporation 
,/ , 

'l.. 
into DNA and RNA macromolecules. or by the ,inhibi tont of e'nzymes', 

" ' 

invol ved in nueleic acid synthesis. ' " 

/ 
Several C-nucleosides such as the rib~furanosyl nuc~eo-. 

slde antibiotic pyrazomycin (3) (38-D-ribofuranosyl-44hyd~oxy-

pyra~ol'e-5-carboxaJli~e) have been shoWJl to ha":~ antiv,Jal,', 

< - aètivl'ty against rhinovirus, measels ~., herpes ,simplex,' and 
. 2~-2' 

1( • 

vaccina viruses in tissue cultures 

,J , 

" , , 

,- Apparently inhibition -I"~;' 
, ' ~ ~ . 

of viral replieation in vivo and toxieity to the host eould' 
, • ---î'o 

~be o~ly par~bU~y sepal'ated in studies of (3~ ~ 
. , 

, ' 



r 

" 

~other ribonucleoside ant~biotic-formycin (1) has 
... ' 

h °0 0 1 0 0 21,21 also s ~wn a~~1v1ra act1v1ty 
Jr~" \ c,...... '" 

l-~,.. '; , 

in vitro. 

\..t~ ~ {'() 

-r' <,.~ ,',4 • '" U .lt/ ~",r-...oj11 2 9 

Showdomyc~n,(4) is an example of a biologically 

active C-nucleoside with the a-D-ribofuranose moiety 

:attached to a S-membered heterocyclic ring. 

Th~ glycosyl bond of C-nucleosides showed an increased 

stability towârds chemical and enzymatic attacks', relative 
1 • 

to their N-counterparts, wherè protonation on oxygen or 

nitrogen atom occurred, fOllô~ed by C-N bond ·cleayage to 

'glve the free base and sugar. It 1s bel~eved that the 

stability of the glycosyl bond is re1ated to its act~ity 
! 0 

in inhibiting the growth of bacteria or malignaf;tt cells 

" 

Since C-nucleosides are considerabUy more" stable in this 
~ 

respect, tbeir actïvity should he more pronounced. 

c. 
./ 

• i ' 

The fir'st approach to the synthesis of C-nucleosldes 

was derive4 from the one applied for N-nuc1eoside synthesis, 

that is, the.sugâr part was directly condensed to the hetero-

cyclic base., The first synthesis of p~eudouridine (5') was 
. ~, ' 

repol'ted~, in 
Il 

Chambers 

Il 
1961 by Asbun and Binkley and Shapiro and 

They started from l-chloro-2,3,S-tri-O-benzoyl-n
j 

ribofuranose (6) and 2,4-dimothyoxy-S-lithio-pyrimidine (7), 
-~ -_/ 

but the yièld reported was·low. 
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.. 

SI 
Asbun and. Binkley reported in 1968 another synthesis 

of pseudouriaine ~ S-0-Acetyl-2,3-0-iso~ropylidene-D

ribqlactone (8) ~&s condensed with 2,4-dibenzyloxy-S-lithio-
u 

pyrimid~ne (9) followed by b9rohydride reduction and acid 

hydrolysis of the condensation product to give (S) in lO'-y~eld . 

• It , S 5 
In 1965, Brown and BUTden uSing,the open chain 

carbohydrate (10) and S-lithio-2,6~di-tert-butoxy-pYTimidine 

(11),isolated pseudouridine (5) in 18' yield. The a anomer 

(Sa) was a1so obtained. 

. at-çr 
... oer 

_1 1 

u 

Hf 

/ 
a-anomer 

. . 



N, -"""" 
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using 

-7 -

are other reported syntheses of C-nucl~osides 
e open chain carbohydrate; examples or this type 

1 X 3'!7, • were shown by ~orm ' • who syntheslzed 5'-anhydro-6-
azauracils.(14) from L-xylo hexulosonlc acid (12) and r' 

D-arabino hexulosonic acid (13) by alkali catalysed cyèli~ 
sation of the corresponding·thiosemicarbazon~s, fol1owed by 

methylation and hydrolysis. 

12 

<J. 

o 

H R' 

M,~_OH.R·.H 

e.R-W ,R'.O" 

\ 

- i 



Recent.lY pseudocytidine (22) and the anoméric 5- (l-~-, -3. . 
ribofuranosy~) cytosine (23) were reported. by David a~d 

Lubineau. TheY,protected S-bromocytosine with hexamethyl

disi1ane/trimethy1ch1orosilane to give (15), which was treated, 

with Bu-Li to afford (16). Reaction of (16) with 2,4:3,S-di-

• 0-benzy1idene-D-ribose (17) produced (18) and (19); this 1:;,". . .,. . , 
mixture~was hydro1yzed to (20) and (21) with acetic acid. 

These isomers were separated on Dowex 50 resin., Treatl\ent 
~ 

of the mixture of (20) and (21) with NaN02/ HOAc furnished 

pseudouridine (S) and its Q-anomer (Sa), whi1st cyclization 
o .. 

of (20) and (21) with IN-Hel formed (22) and (23). 

CHO 

-

t5.R·8, 
tl,R- LI 

'8.~-OH. R'-H 
".R. H • R'-OH 

:lO,R-OH'. R' wH) 
21,R.H • R'wOH 

l l 
", 

HO 1i0 

,HO OH 

S • 
. a.(a.anomer) 
~--,---._,-
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The next development was an attempt 'to introdûce the 

correct st~!eochemistry at the anomeric centre. _ -Farka~ 
S9 ItO / 

and co-workers 'w prepared from 2j,3,S-tri-O-benzoyl-a-

D-ribofuranosyl bro~~de (24) the ~rresPOnding c;~no deri
.. 1 

vative (25). The cyano group was reduced witli lithium aluminum 

hydride 
, -to I-deoxy-l-amino-2,5-anhydro-D-allitol (26), 

converted to the urea (21), which" after t-reatment with 
{ 

a-ethoxyacryl chloride followed by cyclization gave homouridine 

. (28)"2. 

.. ' 

BZO\(:"O~ 

b;;'b81 

;' C ..... H. J 

~~' 
" 8z0 08z 

.-
28 

• 

Bz<>-t-o.,JN 

~., 
BIO 08z 

25 

1 COOH 

~ 
8z0 oSa, 

2' o 

l NH~ :0 
Bz~~jHI ~~. 

-\ RN~ 
;.,_:~NH 

X HO OH 

HO ~ 
HO OH 

27 28 
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.. 
Farka~ also hYdr~~~ed ~he cyano group to 3,4,6-tri-O

benzoyl ~ Z :S-anhydro-D-allonic" acid (29) J which upon condensatüm 
with 4,5,6-triaminopyrimidine afforded 8-a-D-ribofuranosyladenlne 
(30) in several steps. 

The cyano de~~vative (25) was also used to synthesize 

h "dO (31)". omocytl. lI'le 
• 

'A genera1 synt~etic approach to C-npc1eosides 'was .... ,'",;" shown by Acton et al. , usïng a 1-4iazo,.,sugar , 
. ' applying i t in a synthetic seq"nce devis~'d- by Spr-inzl, 

. ~ Il 
Farka~ and ~orm • 

HO OH 

3' 



~' ,> , 

~' " 
" :~! 

(' JI 
'riS' 

1 
1 

i 
'ft , 

,1 ., 
1. 

1 

f , 
1 

, 

, 
~~ -';·~~~'~_~~'~..".J'11""'dl''1'V':4i .,., ....... @,. ..... f F'PI"""""'-_ .. _ 

, 
,. _._:..., ......... _.-:r ... ',~,.....:..---.+ 

1 
1 

1 
! /- r 

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

" 

.. 

f
' , 

, -

-11-

..;-

-'~ Z, S-AnhydrO:if;1.-ribi toI (32) was obtained from 
,,'t.. ft 7 ribiiol and was converted via the 3,4-0-isopropylidene-

1-0-tosylate (33), to the l-azide (34). The azide was 

reduced with-sodium borohydride to the primary amine (35), 

which was converted with potassium ~yanate into the urea 

(36). Nitrosation and treatment in aqueous base generated 

" the diazo-sugar ,(38) • 

.. Q""OT' .. Ç;r~ .. 
~ 

o 0 ,/1 

X 
, 32 33, M 

~1 ____ .. 

>< 

. ~Ht ~H2 
~ c.o CO 

.çr , 
.. ~;- .. 

• 0 0' 0 
X' X 

35 31 n 

.' , 

• ( 

•• R"-R'-COaMe ".R- ce-NHa, R'"CGaM_ 
e,R- CO-+lH •• R'·CO-NH-NH. J 

( 



, 
" 

l ' 1,3-Dipolar addition ôf (38) and'acetylene dicarboxyiic r- " : ester gave a p~r~zole-4,~-dic~rboxylic ester (39a~ with a 
sugar moiety attach·ed at C-3'. 

Using a part of the reaction sequence described by 
~.. ... . Acton , Sorm et al. synthesized oxoformycin (41) by Curtius 

rearrange~ent of (40). obtained from the corresponding (39a) -

via (39b).' l 

, . 

1 

" 

'. 

( ... 

..... -IIlH' 

40 4t 

r ,_ 

( 

,f 
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With slight modification of the abdve procedure 

Acton et al. reported the~srnthesis of formycin B. 
2 50 (lb)' The sy~thesis of .• ;nucleosides from l-cyano-

SI 

I-deoxyribose was a1so used bY Igolen and Dinh They 
~s. r 

applied the Pinner reaction to the nitril~ (2S),which ~ave 

the correspond'~ng thioformimidi te (42); ring closure in the 

presence of a-aminocyano-ac'etic acid de-rivatives 'gives (43a) . 

... 

eN 

a.~!Ç.? 

8,0 

~zO OBI 

25 

4b.RaCN 
b.RaCO-NH, 

.. 

Il 

- l 
BzO 0 D ~ ... 

BIO OBz 

'" 
42 

8&0 

44. R'.NHa. OH 

• 

; 
\ 
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The corresponding 8-tri-O-benzoylribofuranosy1purines 

::::a::r:ro:::~n::e:~o::::::;:ta::t~::.a.:) p::::s~::rmam:~:n. ) 
, 5% 

was published in 1969 by Tronchet This involy the 

synthesis from sugar aldehydes such,as 3-0-benzyl-l,2-Q

iSOprOPYlidene-a-D-Xy~penta-dialdehYdO-fUranose, which 

was transformed to the chloro oxime 
as 

(45) Reaction wi th 

acetylene, fol1owed by cyclization, gave the isoxazole 

derivative (47). / , , 

• " 

47 

R R 

C_N-O + 
~+- R-C.CIj 

.. 



-f 

. '-. 

li 

From the chloro oxime (45) the corresponding nitrile 

(48) was prepared, which after IJ3-dipolar addition with 

an ~cetylenic or ethylenic compound gave l~glycosyl iSQl

. azoles (49) or isoxazolines (50) 5 .... 

Tronchet and co-workers also prepared in their series 
55- 57 

o of "reversed" C-nucleosides some 3,4-oxadiazoyl 

C-nucleosides.lY treatment of an alduronic chloride (51) 

with N-benzoylamino-triphenylphosphinimine or by oxidation 
•• of:aldehydo.,.dialdose benzoyl-phenylhy~razone (52) ,they 

'~ .-

synthesized al oxadiazole (53). 

COOH 

~ .. .~ • 51 

- f..:. 

~ ~-lI' 
- ~~~~_N.C-Ph , 

.. 

52 

., 

"A; 
\j, 
,,, ) 
1" / 
\ :, 

- \ 
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Analogs of pyrazomycin were synthesized by Tronchet 
57 et al. usingthe p-nitrophenylhydrazone derivative of 

2,5-anhydroribose (54) followed by bromination. Displace-
l ' ment of the bromine with ethy~ mag~esïum bromide afforded 

(55), which after cyclization gave 3-B-D-erythrofuranosyl 
-l-p-nitrophenyl-pyrazole (56) • 

54. R. H 
•• R- Br 

H. R- C.CH 

-. 

f , 

,1. 

/ 

l , , 

" 

....... -- '. 
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ln a'further extension o{ their nucleoside invéstig~t±~n 

Sorm", Farka~ 'and their "associates' in Pragu,e., h~ve ac~te\t~d 
" a first total synthesis of "showdomycin" (4) via the,key inter-

, ' 

mediate (S8) 58 • 

" ' 
, 

.. 0 

They proceeded from' 1- (2,3,5:tri-O-benz'oyl~~-'ribofuranosyl) 
t • (1 1" ~ J 

- 2 : 4 ~ 6: t'r im.et'hOXYbenZ ene" ~~iCh ls ~ aecess ible by condens4l ~ioJt 
, 1 

, '" ! . t'J ~ , 

of 'Z.3'JS·-~ri-,0·-benzOYI-D-ri~ofura~osyl brômide with', 1,3,5-.. 
l ' , \!! ' 

t(imê~h~XYb~:~tene .~~, the p,T1s,en,c:et ~f. zi,n"c o)t,lde,. Hydrolysis, 

an4, ~ètylat10n gave. (57). {Ozono(1Y51s ,and mild reducti~n '" 

with (d"tm~:thyl suifid,e1t of, ~he sJ!tably protected l-(B~D- , 
• • . r ,f" , ' " 

ribo~1:Ir:&no.syl) -2,4~6-~rimeth~iy,benz~e r~p:resented' a 'criticft.1 
",1 •• ~..( f... 

" i '.. ' 
step ln- producing the D,lethyl fUT&1losy;l glyo!Calate.' The teto· -V" . 1 ~ o~ ~ , ~ " 

acid (58) wàs.treated ~ith carbo~thox~et~ylene triphenyl-
, t <\ 'f 

• v .. ~, i ' . 
'phosphorane to g've the U,ns~turat~d este~ (59), whiCh,was , .(, , . ~ 

/1 l' 5 ' . . 

éyclize<l to the maleic anhydri"de iderivative '(60). Reaction pf' 
l' (t - ..... ~ __ .. 

(60) With' ammonia gllve the Illal!o'amkc acia deriva~iv~ (61)" " 
• '" IJ ~ r , ,"'" 

whÙ:h after "tyç1i~a~io~ a~d r.emov~l' of, the" prot~c~'i,~~ 'groups,' . 
. ( , , ,. 

affordedo~ showdomyc1n' (4) .' ", i . ~ , " .. ' : '" ',' 
i ' . l' . 1 ',J, 

" . 
\ 

" 

1 

,1 
1 
1 
1 
1 

~. ~ 1 t ! . 
, !. 

i' 

. :' , \ 
. 1 . 
. ~ , .' ' 
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~ , ~ 1 • ~ 1 
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10 
Pyrazomycin (3) was prepared by' Farkas et al. 

Il , 
using a procedure sugges~ed previously 'as a ,general 

route to 3 ·~ubsti tuted 4 -hydroxypyrazole" 5 -carbox)"~ic acids 'f. 
- -~- 1 

~ ~ ~ 
The authors started from the œ-keto acid ester (58) which 

on treatment with'l-benzylhydrazino-.cetic ac!d gàve (62); 

~ing' closure afforded (63), SubseqQent treatment with methanolic 
, 

ammonia gave (64), 'which was debenzylated by hydrogen over 

7pal~adium to pyrazo~cin (3). 

AcO CAc 
h' 

.~.,-~ 
':i ... -NHt ,': 

• 

• 

,/ , 

HO OH 

" 

l 

,/ 

/ 
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11 
_ Buchanan described a synthesis of S-D-ribofuranoJyl-

ethyne (65) by re.cting ethyne Magnesium bromide with 
./ IJ • a 

chloro ribol~. This paved the way to certain 4-ribatriazole5 

..... 
. .-/ It i5 obvious that SOft' s key inter.-ediate, the ketoester 

(58) 'has great potential for the sYnthesis of C-nucleosides . . . 
and this was further confirmed by Moffatt et al., who in 

Jl ._,.." 
( 'a series of papers . de,scribed the synthesis of (58)_. 

Starting with (25), t~ey reduced the cyano group in the 

presence of ~,N'-diphenyl~thylenediamine and obtained 

a stable crystalline l~diphenylimidazOlidine derivati~e (66). 

, ri 
~ R~:::rN-Ph 

- :~I 
21 

, j 

lit 
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Regeneration of th~ free 3,4,6~trisubstituted 2,5~ 

anhydro-D-allose (61) could be achieved br mild acidic 

treatment. 

The reaction of the aldéhyde with sodium cyanide 
' . 

.. 1 ' • ..k--~':J'" , 

and hydrogen peroxide gave 3,6-anhydro-4,5,7-tri~9~b~riZYl-

D-glycero-D-allo heptonamide (68) and its D-glycero-D-altro 

isomer (69). Methanolysis of these substances gave the 

corresponding methyl heptonates which were oxidized using 
" 

DMSO and DCC in the presence of dichloroacetic acid to the 

k~to~ester (S8b). 

y ~eaction of (S8b)with carbamoylmethylenetriphènyl

phosphorane afforded directIy the tribenzyl ether of show-
15 

domycin (4) 

) , 

, " 

, , 

~-_.- .- - -'. -~---_., , .. ~,','-~:-:.-
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J In addition ta the total synthesis of C-nucleosides, . 

chemical modificationson the sugar moiety have been 
66 67 '. reported ' on formyc1n (la). 

Formycin was reacted with 2-acetoxyisobutyryl bromide 

to give an Inseparable mixture of 2'-O-aeetyl-3'-bromo-

3'-deoxy-a-D-xylofuranosyl and 3'-O-acetyl-2'-bromo-2'

deoxy-S-D-arabinofuranosyl nucleosides (72, 73). Brief 
, 

treatment with ammonia of the mixture of (72) and- (73) removed 

the acetyl groups. The resulting Isomerie trans-bromohydrins 

(74) and (75~ could be separated. Palladium catalyzed hydro

genolysis gave the corresponding 3'-deoxyformycin (76) and 

2'-deoxyformycin (77). Direct hydrogenolysis of the mixture 

of the fully bloèked bromo aeetates (72) and (73), followed 

by removal of the 5'-subfitit.uent gave 2',3'-dideoxyformycin (78). 

t. 

R'O 

74, R".B, 
76. R".R'.H 

R'O ... 
n,RN.St 
77.R"·R'-H 

.. 
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'-Ha/Pd ~ HO 
2.0W 

78 

ifo 
Other chemical transformations of formycin (la), led 

•• to selenoformycin Band related derivatives ,and selective ., 
alkylation to the monomethyl deJivatives 7-amino-2-methyl-

). 

3-(a-D-ribofuranosyl)pyrazolo[4,3-d]pyrimidine (79) and 

7-amino-l-methyl-3-(S-D-ribofuranosyl)pyrazolo[4,3-d]pyrimidine 

(80) • 

~-+l-M. 

Me 
HO , + HO 

HO OH H~ OH HO OH 
• ,<Y 

•• . -10 

1 

.' 
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Chapter II 

a) Aims of the project 

This thesis is par~ of a project towards the development 

of a general synthesis bf C-riucleosides. Previous studies 
, : 70 , 71 

concerning this subj ect include a thi!sis _ ,and pUblica'tion 
1 

by Alain Martel. Our-efforts concentrated on three main areas: 

Firstly, separation and identification of the Diels AIder 

reaction products at the bêginning of th~ sequence (scheme 1), 

subseque'ntly found to be II and 1 II . 

Secondly, the elimination of nitrous acld by me ans o( 

l,S-diazobicyclo[S.4.0]undec-S-enè from the endo nitro ester IYa, 
, 1 

was reported to give a low yield of olefin VI. Experimental 

condition were to be ~odified in such a way that both isomers 

give high yields of the olefin VI. 

Thirdly, since the a-keta ester acid VIII is a valuable ,-
ai 6S 

intermediate which could maxe C-nucleosides ' accessible, 

the synthesis conditions were tobe optimized. The repprted 
10 

yield of 32' was increased ta 84' by working at optimum pH 

duri~g extraction procedure. 
;::' .. 

.. 
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b. Results and Discussions 

~ 
- ,1 • 73 , .. 

Methy1 B-nltroacry1ate ' 

3-nitropropionate, as described. 

"" 

was pre~ared from 2-iodo

Upon treatrnent of methyl-

a-nitroacry1ate (1) with 4 equivalents pf furan at room 

temperature overnight. crysta1s separated out (17% yi~ld), 

1ater identified to be the endo-nitro isorner !l, rn.p. 66-67°. 

Bvaporation of the excess furan afforded,the oi1y exo isomer 

III ~n 55' yie1d. The structural assignment of the isomers II 
....../ 

and III w~s based on p.m.r. spectral data. Separation of the 

esters a110wed for complete ana1ysis of the p.rn.r. spectra of 

th~ isomers. Considerable differences were noted (Table 1) • 
.... /,/' 

The s~gna1 most1useful vas the proton a to the carbomethoxy group , ' . 
observed as a doublet at 3.20 ppm (J3,2- 2 Hz) for the endo 2-

nitro ester II. Similar1y, the corr~sponding proton H2-exo 

at 3.90 ppm for the exo 3-nitro ester III shows a difference 

in chernical shift, with th~ exo proton being downfie1d, 'ost 

likely an effect of the ?-oxygen atom producing a deshielding 
76 

effect Cherniea1 shifts and coupling constants for the 
./ 

isomers are given in table 1. 

-...--,-.....----
, '. -- . .. ' . , 

) 

1 

f 
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Scherne 1 
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TABLE 1 

P.m.r. parameters fo~ II and III 

Compound 
-,----------

Chemical shifts 

t OCH3 
, H-1 H-2 H-3 H-4 H-5 H-6 

~ 
,"" 

II (endo-2-nitro) 3.80 s 5.56 dd 5.47 dd 3.20 d 5.30 d 6.70 dd 6.35 dd 
1 

JI.,- 1 J1,1- 3 J5, .. - 0 J" .. = 0 J5,1= 6 J5,6= 6 ! 

~~ ~ 
t 

.~ 

f " .1 1 '2- 3 J 2 ,,· 2 J~:,- 2 J_,5- 2 J" .. - 2 J 6,1- 1 

.. 
~ 

III (axo-3-nitro) 3.72(s) 5 •. 32 dd 3.90 dd 4.82 d S.~d broa- 6.S5 d 1 

dened N 
'l) 

\! '6.55 d 

ê JI"· l J 1 '2- 4 J,,2- 3 J .. ,5· 1 J 5' 6DO J 5, 6-0 . , 

:: Jl.-2· 4 J2,S· 3 J" .. - 0 J.,,- 0 J 5, .. -10 J'·,1-1 

1 . , 
-~ l ". 

f 
Spectra are rec~rded in deute#iochloroform , 

. ! 

Chemical shifts are given in ~, c~upling constants iri Hz. 
.' ~ 

r 
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" The exo-nitro isomer
t 

III was us,d by Lim* as an inter-
1. 

Mediate in the arabinose series o~t~ined in Scheme II, 
, 1 

confirming the stereochemical assignment •. 

f' 

• Scheme'II 

.~ 
0 

". ~~ :' , . , --
C~M. C02~ 

R. ,H 
III 

.. / • 
........ 

~6.~ - HO~ \ 

HO C02
Me 

O' 

,t- ( 
" 

..... -: 

• Thesis: M.I. Lim,. Ph.D. Ü}7~. .. . • 
( "'" 1 
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Exà~ciS!hydrox'laiion of the isomers II and cIII ~ith 
-, -

" 15 
. bydrogen p'e, roxide and a catalytic 'amount of osmium tetroxide 
'I ' '/ 

gave'thé crystalline diols IV,mp 168-1700 ,and V, mp 145-147°. 
/ 

The assignment of the isomers was confirmed at this stage. 
. ~ ~II\ 

It is known! that the coupling constant of endo protons with 
, • l 

the bridge--h6ad prot'on in bicyclo [2.,2 .. 1] heptane derivatives , , 
J. 'i.: 7' 

i.5 crJ.OS~ ,to' zero \-~~ whereas the coupling constants of an, exo 

) 

proton should be of order of magnitute (J • 4 Hz). ~ 
.\.~ ,-,.>\ ! 

1 

One would therefore 
, ~, . 

ni tro gr\lup' .in 'V should appear as a doublet, an~ in !Y as a 

dou~;et . of dOu~let5, or ~ 1rri~l~t .,' We ,~o~d ~j~~he, low 

field proton a to th~ nitro-gro~p appears as a do let 'in V 
j' ',' 1 

and as a triplet in IV. ' - / ' 

J" 
Treatment of IV and V with acet9ne(dime~hoxypr~ane 

in the presence o,f p-toluenesulfonic ac,ld for several " .. . . .' . 
. bours resulted in a goo&d yield Qf the éorresponding ;i50-

D ~ ( \1 ' ' 

"'1 "Ii. 9 , 

propylidene derivat'ives IVa and Y!.-

Blimination.~i nitrou~ acid by meanS oÎ 1.S-diaza-, 

bicyclo-[S.4.0]undec-S-ene in ethe~Qat 'Oo'from the exo· 
... ~ u l () 

nitro-ester ~ gave 60' ·of.olefin Y! and' S, of dimer VII'~ 

,; The ratio; olelln --VI. (2at) to dimer VI i (45')' was less , ~......., '--

.favourablé,when ~itrou$ .cid w'as e1iminated from the endo-

/' nitro ester IVa. -
• 

1 
1 
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P ••• r . paru.ter. .for IV' alad V 

_c~ Che.ica! .hift. . 

Spectra !r. record.a la DNSO-d, 

Ch.aieal shifts are aiven in a. coup1inl constants in H&. 
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~rietY of experimental conditions were studied, to 

improve thé yields of olefin frorn both starting materials 

at the expense of the 'unwanted dirner formation. This was 

finally accomplished by adding the nitro-ester IVa and ~a 

into a refluxing solution of DBU in ether. The yield of 

olefin then reached 80\ (from IVa) and 72' (from Va ). 

Only tfaces of dimer VII were identified by t.l.c. 
" 

, 

The structure and stereochemi~~ry of th~ dimer VII 

was determined\ by p.rn.r. and chernical transformation, and 

probably arises in the fo1.lowÎJlg manner: 

. 0 ... oo:;tz~ 
~""""'~2 

COO... -

VI 

. 

COOMe COOMe -
VII 

It is known that protons a ta a nitro group are more 

acidic than protons a to a carbornethoxy group. The fact 

that the exo nitro isorner (y!) forrn olefinic est~rs readily 

is_probably due to the better accessibility of the exo froton 

a to the carboxyrnethyl group. In the case of the elirnination 

of nitrous acid from the endo nitro isorner (IVa) , it appears 
, 'fi 

that sorne olefin ester' (VI) is formed, , but that it i5 con5umed 

in dimer (VII) formation, because of the ready formation of 

of the carbanion a to the njtro group~ since the hydrogen i5 

the more acidic and more accessible one. 

, ... ' 
,.. (. " ... ,,; 
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The protons of olefin~ were assigned on tte basis 
"~ of known bicyclo[2.2.1] sys s . The H-S endo and H-6 

endo protons gave a single signal at 64.42; the bridgehead , 

proton H-1 showed downfield at 65.00 (5). The sig~~l of the 
+ 

proton àt (-4 (64.90) is split into a doublet (J • 2 Hz) 

due to coupling with the olefinic proton at C-3) 67.02 

(J • 2 Hz). 

\' 

, 

The protons H-S and H-6 of dimer Y!! can readily be 

discerned from proton H-S' and H-6' of the saturated portion. 
. ' 

One of these resonances occurs at a position very close to 

°that of. the-unsaturated monomer and was assigned accordingly. 

The H-S-endo and H-6-endo protons resonate as a single peak 

at 64.42 and the H-St endo and H-6' endo at ô4.50 as equally 

sharp signaIs. The bridgehead protons H-l and H-4 appear as 

a singlet at 64.91 (JaO). 

The proton H-It resonates downfield from H-4' due to 

the deshielding effect of the en~.o methoxycarbonyl, group. 

H-l' is spli~ into a doublet (J-6Hz) by H-2'-exo, ~4.70. 

The H-4' bridgehead proton occurs at a singlet at 64.20, 

since the coupling constant of endo protqns is close to zero. 

H-3'-endo is split into a doublet by H-Z'-exo, the couVling 

cons~ant is difficult to measure, since one signal occurs at 
~ L :.j~"";" 0-

,e 

abou~ the same value as the methyl ester group, which can ,be 

f 

c, 
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\ 
/ 

observed as two magnetieal1y differé~groups hav1ng 
'-, 

a smalt ehemical shift ("-1 eps) whieh in'creases to '6 cps 

if benzene-d6 is used as a solvent. H-2' exo"ô2.95 

Ct, J-6Hz) is at higher field than the other protons 

(except the gem-dimethyl) since it is not deshielded by 

the magnetically anisotropie double bond, which 1s approx-
> 

imately in the plane of the H-3' endo-proton. This absorp

tion is split into a doublet. Coup}ing between'three none

quivalent protons could give rise ta an AMX spectra, which 

. . h f th t or 12 11·nes",7., cons1sts 1n t eory a ree qu~ta s, 

Three coupling constants are involv~d in the spectrum, the 

interaction H-2' exo·with H-I' and H-3' endo,which gave rise 

to a triplet. The triplet observed for proton H-2' exo 

- an apparent AMX spectrum - is due to the fortuitous near 

identity of J 1'21 and J2 '3" tants J 1 '2 ' 
and 

4 

J2 '3' could be expected to be slightly but the 

resolution ·of the instrument available' was 

separate the two ,central peaks. 

If VII would have a different configuration at C-2', 

with the :::hOXYCarbOnYl group in th~ position, the p.m.r. 

spectrum should have shown two single peaks for the bridgehead 

protons C-I' and C-4'. which was not observed. Similar reason

ing may be app~ied for the assignment of the peaks of the 

isomer in which the groups at C-3' hàve been inverted. _ 

" 

') 
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The saturated dimer was prePjred by catalytic 

reduction of VII with Pd on charcoal. The relative 

configuration at C-Z an~C-3 can be assigned on the 

following basis. In the process of catalytic hydro-

genation, absorption of,~ 'molecule on the catalyst 
il 

occurs on the least hindered . side, followed by delivery 

o~ hydrogen to that 'd 79 51. e . Hence the C-2 and C-3 hydrogen 

~toms must have the~cis relationship. The p.m.r. analysis 

of VII is simplified t since after reduction the protons of 

both rings have similar chemical shift values. Th~signals 

~~"'""'-
most useful were the carboxymethyl este'f singlets observed 

at ô 3.60 and ô 3.65. 

These methyl groups occur at different field strength, 

suggesting that after hydrogenation one of the ester groups 
1 

is in the exo and the other in the endo position. Since we 

know the configuration" of the ester group in the saturated 

part of the dimer' VII 'to be in the ~Position, tt ca~ be 

assumed that the C-2'-ester group of the satura~ed dimer is 

in the exo position as shown. 

, 
The remaining spectrum of IX can be analysed as fol1ows: 

The protons at C-5 ,and C-6 and, C-5' and' C-6' ar~gneticallY 

equivalent. The chemical shift values were essentially the 
. 

same as the ones observed in 'the much simpler unsaturated 

dimer H-S' and H-6', 64;50 (5) and H-S and H-6, 54.42 (5). 

The brid$ehead protons H-l and H-4 gave a slngle peak at 

64.65 and 64.20. The bridgehead proton H-4' occur5 down-
\ 

field due to the vicinity of the 2-endo carboxyl group. 

1 
---_ . .--

1 

J 

J 
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J 

This interaction can not take place with the proton 

at C-4, since the'exo methoxycarbonyl group at C-2' 

points ~way from the hydrogenated ring. H-2' exo i5 

s~lit into a doublet of doublets by H-l' (J112,86Hz) 

and by H-3' (J~SHz), it occurs at lower frequency (63.0) 

tha~ the remainder of the spect~um, which consists of 

a broad hump attributed t~ C-3', C-3 and C-2 endo prat'ons. 

From the knowledge of the factors influencing chemical 

shifts it ls not surprising that these ~ydrogens have 

5imilar chemical shifts, resonating in the 2~2-2.6 ppm 

region. 

Large shifts of proton rês~nances rnay be observed, 

on comparison of spectra which have been determined in 

non-aromatic solvents and aromatic solvents. These large 

shifts May be attributed to the anisotropy of the magnetic 

5usceptibility of aromatic solvents. 

When the spectra were det~rmined in benzene d6-

" solution, as opposed to the deuteriochloroform, essentially 
/' 

the same resurts were obtained, except that the c-s and C-6 , ."'_iI :.ta"!!. ru. alld(!! fora a 5,....,tr~cal quart'et of. the 
10 

easily recog~izable AB type This shows' that benzene can 

be a useful solvent in inducing .chamica! ~htfts between protons 

which othefwise have aCCiden;l.l:r the same c.l!~èCll'l shms. 

ï 
t 
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58 60 
Syntheses ôf showdomycin and pyrazomycin ha~ been 

briefly reported by Farka~ et al., and invo1ve as key inter

mediate the keto ester (58) (Chapter 1). As yat details 

and yie1ds of this pro cess have not been disclosed but the 
1 

conversion oI 58 into showdomycin requir'ed a six step 

sequ~nce. 

Above we described an efficient route for the preparation 

of olefin Y! in which the hydroxyl groups ate protected as an 

isopropylidene keta1. At this point, we looked for an oxida

tive procedure to generate the structural features of a keto 

e~ter containing compound on which we ~u1d build ~,C-nueleo

side ring system. The use of a modified ruthenium tetroxide 
10 Il 

catalysed oxidJtion ' gave a erystalline product, m.p. 

114-116°, in high yield (84\) aIter one recrystal1ization 

from acetone/hexane. The acid keto'ester YI!! met the stereo

chernieal requirements as key intermediate for the ,synthesis 

of C-nucleosides, the aeid group being cis to the ~-keto ester. 

As we were coneerned with the total synthesis of C-nuc1eosides, 

we attempted the resolution of 3,4-0-isopropylidene tetrahydro· 

furan·3~,4a-diol·SB-carboxylic acid-2B (methyl glyoxalate) VIII. 

This was accomp1ished by recrystallization of tbe L-strychnine 

sal,t Irom isopropanol, as indicated by attainment ,of con;stant 

optical. rotation [a] D20 -7.1 0
• Regeneration of the .. free aeid 

by ion exchange column (Rex'yn lOI-H) gave an optieal rotation .. 
of [a]Dao·3.2°. ,. 

~ ~ .. ~' ----'"'--, _. 
" . ~ fr.,~" :; " 
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However, the yield of the crystalline product was very low, 

possibly due to the presence of the bridged form X in solution. 

This was established by p.m.r. whieh showed in deuterated DMSO 

or aeetone-d6 , two peaks in the region of àbsorption of the 

methyl ester, this indiea ted thit the free acid was pr.esel'Ît 

to the extent of only SOt'l1 

x 

" . 

~ 

The work that is detailed in the next chapter beeame 

of more Immediate interest ta us at the time and these 
t 

~ 

studies were discontinued. However, the synthetic importance 

of an a-keto ester acid was shawn by~a colleaguein this 
110 

laboratory • ~ 

f 

1 
" 
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Chapter 2 

Experimental 

Melting points were determined on an electrothermal 

bl6c~ and are correcte4. P.m:!~ spectra were recorded 

on a Varian Associate'~7 A-60 .spectrometer. IR spectra, 

were obtained on a Perkin-Elmer Z31-B spectrometer. -- ' 

U. V'. - spectra were recorJ~d op a Ba~ich & Lomb SOS spectT~-
J ~ ~ \~ .. '~-

photometer. Micro-analyses were carried out by·Micro-Tech. 

Laboratoriès Inc.,.. Skokie, Ill. t USA. 

l' 
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(7 ~ 
Methyl 3-nitro-2-iodopropionate 

A stitred solution contalning 86 g (1 mole) methyl 

acrylate and 252 g (1 equiv) of iodine in 1 Z·of ether 

was cooled to 0°. The reaction system was·protected with 

a Dry-ice/acetone cOQdenser and a drying tube. Freshly 

condensed dinitrogen tetroxide (46 g. 0.5 mole) was àdded 

through a dropp~ng funnel over a period of 1 hour. The 
o 

reaction was stirred for an additional 2 hours at 0°. 

The ether solution was washed until colourless with a 15\ 

sodium thiosul',fate solution. subsequéntly washed wi th aqueous 
" 

sodium bicarbonate, water and then âried over magnesium sulfàte. 
73 

The brown oil (140 g, 54.2\. lit •. 75') obtained on evaporation 

of the ether .• at ;0° was used wl.thou~ pu~ification. 

I.r. (film) 1740 cm- 1 CC-O), 1560 cm-l, (NOa) 1370, 

1385 cm -1 "(CH~) .. 

P.m.r. (CDC1 3) "63.82 (s, 3H), 4 .~,8 S.lS (Ul, 3H). 

1 

, . 

/ 

• 
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, (H) 
Methyl 3,'"l1itroacrylate (1) 

, "0 

; . 
" , 

added dropwise to a stirred'suspepsion of anhydrous sodium! ~ 

acetate (,80 g', 0.985 mole) in ethyl e~~e~ ci Z) under à J 
Iii trogen atmosl?here, at 0°. After' the addi'ti'on was ë~mplet~d, 

~he mixture was stir~ed at room t~mperatumfor one hour, thén 
, . ~ .' , , 

rerluxed for 3, hours. Aftel' é()oling 'to 50, the sodium iodide .-

and sod~um- a.cetate ~ere filte~t)d off. 0' The ether was w~shed 
wi th .2 N sodiÙJn bicarbonate, drlec:} over, sodium sulfate and 

'concentrsted to d~yness. ~ lhe'residue so~idified on cooling 
( 

and g~ve ,120 g' (94 .. 5'> yellow c~ystals, mp: 35-37°, 1it.
7It 

, ' 1\~' " 

mp': ~8°'. 
" , 

r, 

~1360 cm~l {CH~j. 

~, 

! P .. m.,r. (C;DCi3~: 6' 3.91 (St" lH), 7.1S. {d, IH}, 1.80 (d, IH). 
" 

, 
" 

, ' 

Ji 

J 

. , 
-~-~-,,~,.,. -h ................ _____ .....,....... ..... l .,-, -:--,. rJl.t:i'~""'.Jt'~"',' ~'-;.j.,,-:-t.::';~~., "9r,,, ~*t ",,}-. , ". ",.. .... " t~.,-",~"'i 

l' 

i' 



1 

J 

f 
a 
i 

Il ( 

, \ 

/ 

/ 

C' .... ) 

J , . , . 
~ - -~ ... ) ' ... -~- ---~_ .. ------~.-.-~-~ .... ~~ i ____ ._ ..... ~-,,,- .. ,~ • .........,~.,...,....... ... ~,.. , f 

-46~ 

Methyl trans-7-oxabicyclo[2.2.1]hept-5:e~e-Z-endo-nitro-3-

carboxylate (!!) an~ Methyl trans-7-oxabicyclo[2.2.1]hept-S

ene-3-exo-nitro-Z-carboxylate (!!!). 

Methyl 3-nitroacfy1ate Cl) (120 g, 0.91 mole) and an 

excess of furan (270 g, 4'moles) were stirred overnight 

at room temperature. The excess fur an was evaporated under 

reduced pressure; add~on of ether afforded !l, 31 g (17\) 

mp: 66-67°. 

lor. (KBr): 1730 (C-O),. 1540 (NO.Z)' 870 cm-1 (C~N). 

\ 

P.m.r. (CDC~): ô 3.20 (d,J-3Hz, lH), 3.80 (s, 3H), 

Anal. Ca1cd. 

5.30-S.60 (m, 3H), 6.30-6.78 (m, 2H). 

48.24, H; 4.56, N; 7.03 

4'8.33, Hf 4. 77, N;' 7 • 3S. 

~' 

The filtrate vas concentrated to dryness; chromaiography 

on silici~ acid vith chloroform, ~ave 100 g (55') almost 

pure III as a colorless oil. 

1. r. (film): 1135 -1 (CO), 1525 (NOZ)' 1375 (CH3) , cm 
,j 

870 cm" l (C-H). 
~~ , 

L-

J>.m.r. (CDC13): tS;3.62 (s, 3H), 3.90 (dd,lH)', 4.82 (d, IH), 
0. 

1.;, 5.32 (dd, lH), 5.50 (s, 1H), '6.53 (s, 2H) ./ 

• ,",("*" • 
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, 

~ethl1 exo-cis-5,6-dihydroxy-7-oxabicyclo[2.2.1]heptane-trans-
/ 

-2-endo-nitro-3-carboxylate (IV). 

The Diels-Alder adduct Il (31.? g, 0.155 mole) was treated 

with osmium tetroxide (20 ml of a solution made from -1 g of 

osmium tetroxide in 200 mI'" of t-butanol) and 3 x 6 ml of 
75 

hydrogen ,peroxide according ta the procedure of Daniels, . 

From the reaction mixtur~, 18.3 g (50.5\) of IV, mp 168-170°, 

was filtered, off. Upon further evaporation, 5.0 g of methy1 
" 

3-nitrdacrylate, mp 35-37° was isolated. 

\ 
~ 

Lr. (KBr): 3500-3200 (OH), 1740 (C-O), 155'0 cm- 1 (NO
Z
); 

P.rn.r. (~SO-d6): t5 3.42 (d, J. 5Hz, IH), 3.70 (s, 3H), 

3.78 (d, 1H), 4 .02 (d, lH), 4 • 48 ( d, 1'H), 
" 

4.65 (dd, lH), 5.00, (s, ex.2H), 5.35 
\ 

(t~ J • 6Hz, 1H). 

fo'\î 

Anal. Calcd. for C8H1INC7(233.l8): C, 41.20; H, 4.76; N, 6.01. 

Found C, 41.22; H, 4.80; N, 6.00. 

./ 

, '. 

/' 
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~( 
Methy1 exo-cis~5,6-dihydroxy-0-isoproPYlidene-7-oxabicYClO 

[2.2.1jheptane-trans-2-endo-nitro-3-carboxylate (IVa). 

The ftiol IV (18.3 g, 0.078 mole) was/refluxed in a·mixture _ 

of acetone and 2,2-dimethoxypropane cont1ining a catalytïc amount 

of p-toluenesulfonic acid with a Dean-Stark trap fil1e~ with 

mo1ecular sieves. At t~e end of the reaction, which was 

followed by t.l.c., the mixture was evaporated and the res~due 

obtained was dissol~ed in ehloroform, washed with water and 

concentrated. The erude product was erystal1ized from ether, 

(20.5 g, 96\) mp: 90-92°. 

l.r. (KBr): 1745 cm- 1 (CaO), 1550 cm- 1 {NOZ)'''' 1380, 1390 

(gem-dimethy1) • 
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Methyl exo-cis-S,6-dihydroxy-7-oxabicyclo[2.2.1]heptane

trans-2-exo-nitro-3-carboxy1ate (~). 

.' , 

. 
, 

The Diels-Alder adduct III (50 g, 0.25 mole) was treated 

with osmium tetroxide (30 ml of a solution made from 1 g of 

osmium tetroxide in 200 ml of t-butanol). and 3x8 ml of hydrogen 
. . , .. 

peroxide accord1ng to the procedure of Dan1e1s .. From the 

reaction mixture, 24.5 g (42',) of y, mp: 145-147°, was fi1ter!ed 
" 

off. 
.,' 

I.r. (KBr.): 3500-3200 cm- 1 (OH), 1735 cm-1 (CO), 1560 cm- 1 

(N0
2
), 1360, 1380 cm (gem-dimethy1). 

P.m.r. (DMSO-d6): 63.73 (s, 3H) .. 3.7-3.8 (dd, lH), 3.98 (d, lH), 

3.18 (d, 1H), 4.55 (dd, 1H), 4.72 (s, lH), • 

S.Ol Cd, 2H ex.), S.18 (d, 1H). 

Anal. Calcd. for C 8 H Il NO 1 (233 • 18) : C,. 41. 20 ; H. 4. 76; N, 6. 01. 

Found C, 41. 14; H. 4. 68; N, 6. 06 . 

J. 

' .. ". il"'" 
,-:;1, '~ 
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Methyl exo-cis-S,6~dihydroxy-0-isopropylidene-7-oxabicycl0 

[2.2.1]heptane-trans-2-exo-nitro-3-carboxylate (Va). 

The dio1 y l24.5 g, 0.105 mole) was refluxed in a mixture 

of acetone. ana dimethoxypropane containing a catalytic amount 

of p-toluenesulfonic acid' with a Dean-Sta~k trap filled with 

molecu1ar sieves. At the end of the reaction, which was 

followed by t.l.c., the solvent was evaporated and the residue 

obtained was dissolved iri chloroform, washed with water, dried'-
'-J 

and concentrated. \ The crude reaction product wa~ recr~stalli~cd 

from ether/petroleum .ether to give 26.4 g (92'), mp: 87-87°. 

1560-1 (NO ), 137 5, 1380 cm -1 . 
) 

I.r. (KBr): (COC) , 
'1 

(gem,,:,dirnethyl). 

P.rn.r. (CDC13): 6 1.30 (s, 3H), 1.45 (s, 3H), 3.82 (s, 3H), 

3.95 (m, IH), 4.23 (d, 11:1), 4.42 (d, '1H), 

4.80 (d» IH), 4.90 (d 1 1H), 5.00 (s, lH). 

Anal. Calcd. C, 48.35; U, 5.53'; _ N, ·S.13. 

Found: C, 48.19; H, 5.58; N, 5.06. 

" 

l 
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Methy1 exo-cis-S,6~dihydroxy-0-isopropylidene-7-oxabicycl0 

[2.2.l]hept-Z-ene-Z-carboxylate (VI). 

A solution of 26.4 g of Va in 100 ml ether was added 
• f 

dropwise to a stirred ref1uxing mixture of 29.3 g (1.93 mo e) 

1,S-diazabicyclo[S.4.0]undec-S-ene (DBU) in 500 ml ether. 

" After comp1eted addition, the reaction mixture was coo1ed 

filtered and the fil trate wash~d wi th 2 N sodium bicarbonate 

solution. The organic layer was dried over sodium sulfate 

and the crysta11ine product, obtained on evaporation, was 

,crystallized twice from ether. Yield: 15.0 g (80')~ 

mp: 118-119 0
• 

Lr. (KBr): 1720 (C-O), 1610 (C-C), 1380, 1370 (gem-dimethyl) ~~ 
1065 cm-1 (C-O-C); 

P.m.r. (CDC1 3): . ~ 1.32 (s, 38), 1.50 (s, 3H), 3.75 (s, 3H), 

4: 42 (s, 2H), 4.90 (m, lH), 5 .00 (m, HI), 

1.05 (d,~ • 2Hz, IH). 

Anal. Calcd. for. CIIH1405 (226.23): Ct 58.40; H, 6.24. 

Pound Ct 58.20; Ht 6.39,' 

1 
1 
,lA 
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Dimethyl bis(7-oxabicyclo[2.2.1]hept-3,3'-yl)Z-ene-trans 2'

endo-2-dicarboxylate (VII). 

'. 

An ether solution of protected diol IVa (18.0 g, 0.066 mole) 
" 

was treated with l,5-diazobicyclo[5.4.0]undec-5-ene (14.5 g, 

0.095 mole) at 0° for one hour. After work-up the crystalline 

residue was chromatographed on silicic acid using benzene/ethyl 
\ 

acetate (95:5) as an e1ution solvent. ~he first fraction 4.2 g 

(2S\), was identified as olefin VI. The major product (VII), 

which e1ûted later, crystallized as colo~less plates, mp: 169-171 0 

(6.S g, 45\). 

Under the above reaction conditions using diol Va (exo~~~tro 

ester)" a mixture of ole.fin VI (60\) and dimer' VII (8\) 'wa's 

obtained. The dimer proved to be identical in aIl respects 

with the samp1e obtained from the endo~,itro ester,IVa. 

I.r. (KBr): 1735, 1720 CC-O), 1640 CC-Cl, 

(gem-dimethyl), 1070, 1075 cm- 1 

P.m.r. (CDC13): see table 111,. 

1370, 1380,\ 
li~~ 

(C -a-Cl . 
, .r 

" , 
,/ 

Anal. Calcd. for G22"2S010 (452.44): C, 5S.40; H, 6.24 

Pound: C, 58.66; H, 6.27. 

" 

1 
~ 

1 

Î 
" " 

1 
1 
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\ 

904.8 mg (2 mmole) of VII were dissolved in 50 ~l of 

absoluté ethano1 and hydrogenated at atmospherie pressure 
\ 

over 100 mg of palladium on ehareoal. A~ter quantitative 

hy~rogen upt~ke of ~·eq~iv. in 30 minutes, the eatalyst,was 

remaved ,br 'fl·l tratia~:, 'an~ {he sol vent evapo).-a ted under 

redueed pressure to leave 900 mg or a crystal1ine solid. 

The erude produet was purified by ~ry~t~llization from 

ethanol. 800 mg (88\), mp: 188-189°. 
1 

I.r. (KBr): 1145 (C-O), 1380, ]315 (g~m-dimethy1), 

1060 em-1 CC-O-C). 

P.m.r. (CDC1
3
): see Table lY. 

Anal. Caled. for CZ2H30010 (454.46): C, 58.14; Hf 6.65. 

Pound: C, 57.91; Hf 6.93. 

) 

.. 
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Methy1 2-(4a-carboxy-2,3-0~isopropy1idene tetrahrdrofuran-3a,4a 

-diol 1S-yl)g1yoxylate Yl!l. 

Sodium metaperiodate (10.7 g, 0.05 mole) in 100 mL acetone-- , 

water (1:1) was added over a period of 3 hours to àn acetone 

solution (100 mL) of the 01efin V (4.5 g, 20 mm01e) and 0~67 g, 

5 mmo1e of rut}:lenium dioxide
81 

with stirring at room temperature. 

The excess of ruthenium tetroxide was reduced with isopropyl' 

aicohol and the reaction was worked up according to the procedure 
8 0 ,81 

of Piatak \!,ojgive VIII in 83.5fyie1d. The compound was 

recrysta11ized from a mixture of acetone/hexane, mp: 114-116°. 

lor. (KBr): 3500, 3320, (OH) Y' 1750 (C-O), 1390, 1380 cm-1 
.' 

l' 

(gem-dimethy1); 

P.rn.r. «CD3)2CO): 15 1.35 (s, 3H), 1.55 (s, 3,H), 3.82 (d, 3B), 

~4.50-4.70 (~, 2H), 
, -) 

4.90-5.35 (m, 2H)~ 

6,.67 (broad s, 3H, ex.); 

Mass spectrum (70e'.V.) mIe 274 (M+), 259 (M+ - CH
3
)" 

231 CM+ ~ CH3-CO). 
1 • 

Anal. Calcd. for C11"140S' • H ° (292.24) :' Cp 45.21; H, 
~ 

Found : Cp 45.46; Hp 

( 

\ 

5 52. 

5.54. 

. 
1 , ! 
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Resolution of the L-stryehn1ne salt of Methyl 2-(46-earboxy, 

2,3-isoprop:ylidene tetl'ah:ydrofuran 3~, ~a-.diol 16-:yl)Slyoxylate. 

A solution of this salt was prepared by dissolving 876.7 mg ... 

C3'mmole) of VI'II 'and 1.003 g (3 mmole) of Z-stryehnine in 2S mL 
, ' 

ethanol. Add~tion of 10 ml of ether dèposited 520 mg'of erystals, 
, 

whieh were el'ystal~ized from isopropano1 ([a]~5 -6.6°, c • 1); 

recrystàili7:ation 'from isopropanol gave a rotation of [a] ~5 -7.1 ° ! 
Cc • 1, ethanol), which remainèd uncha~ged after ~urther recrys~a1-

lizatiol\S. 
~, 

Regeneration of the free aeid by means of an ion-

exchange1column, (Rexyn 101 (H» left 200 mg of one antipode of 

VIII,' (rotat~on [aJ~S -3.2° ,c • 2). In order to obtain the 

dextrorotating antipode, the mother 1iquor (30 mL of ethanol/e 'her) 

from the flrst crystallization of the t-strychnine salt wa, cancen

trated ta S ~L, left standing overnight at SoC and fi1tered. The 

,') filtrate, after removal of Z-strychnine,' yield~d 100 mg of' re inous 

aeid VIII. rotation [a)25 + 2.3°, c • 2 etha,nol). , ---- n 

J, 

L 

, , 

" 
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Chapter III 

A reinvestigation on the periodate induced deformylation 

of 3,4-0-isopropYlidene 28, SB-bis (l' ,2'-dihydroxyethyl) 

tetrahydrofuran-3a, 4a dio!. 

1. Airns of this project. 

2. A reinvestigation of the published synthesis(70,11) 

of 3,4-0-iso~ropylidene-2.S-anhydro-DtL-allose. 

3. New synthesis of the key intermediate·3,4-0-isopro

pylidene 2B.,58 -bis (l,' ,2' -dihydroxyethyl) -tetr,fllydro.

furan-3a,4a-diol Vll1. 

4. An alternative synthesis of the expected periodate 

cleavage product: the diol aldehyde as hemike~al 

XIII. 

s., ChBrBcterizat-ion of the lactones !! and XVI wi th 

special emphasis on stereochemistry by p.rn.r. 

6. Experimental Part. 
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1. Aims of this project. 

10 7 l i 

Recently it was reported ' that treatment of the 

tetrao1 (VIII) wi~h sodium mè~aperiodate did not give the 

expected hydroxy aldehyde-hemiketal (XII) but instead~ 
- f' 

3,4-0-isopropylidene'2;S-anhydroallose (XIII). 

Xi. " 
, \ 

VIII 

. ' • >, ~lIt 

, .' .. 
Since there is no precedent for this type of non oxidative 

10 
olimination of formaldehyde from the tetraol VIII t -' , . 1. 
a mechanism was postulated by ~artel This mechanism i5 

based- on thé formation of t~identate complexes of periodates. 

, 

\-

" 

" 
J 

~ 

, f 
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After a normal eleavage of formaldehyde to give Vlllb, (the 

remaining free hydroxyl is then eomplexed with iodate 

" (1°3-), Furthermore one hydroxyl group ,of ~he iodate 
i;' 

May form a hemiketal wi th the aldehyde group to gi ve, , " 

~ .. 
a $pec~es of type VIIld, followed by an hydride ~ift of the 

hydrogen . from the hydroxyl group to the hemik~tal tas' 

represented by VII le. Then the right-~and side WOu Id eleave 

in the normal fashion to give VIlle. ~ 

The validity of this proposed mechanism eoJ~~ therefore 
\,;,"" 

be ehecked}y ,x9hanging the ·hydroxyl groups ~ith deuterium, 

~nd repeating the elimination with sodium metaperiodate in 
\ ' 

deuterium oxide. The anhydroallose formed in the reaction 

should contain deuterium. 

At this stage we feit that a more d~tailed inve~tigation 

of the reaetion pa~hway would be justified. 'Â furtlier proof 

of ~te va).i!1 i ty of the above proposed mech'anism' cou Id be 

~c~omplished by an unambiguous synthesis of the intermedi.at~ 

~ldehyde-hemike~al (XII), fo11owe~ by th~ trea~ment with 103-

') (Step VIllb via VIlld to VIII,c). 
v o 

, 
" , 

. ; 

" .,. ,f • l , .f 
, 

i 

~ 
" 
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2. A r'einvestigation of the synthesis of .3,4-0-isopropy· 
70.7') ~ 

lidene 2,5-anhyd~o-D,L-al10se !!!l . 

-'" 
The olefin di~ster IlIa was prepared from'the ,known adduct 

", 
of furan and dimethyl acetylenedicarboxylate l as a starting 

material '3
• The mono-adduct' 1 is weIl authen~ica~ed":16 a~d ~ - ' 

was obtained as an oilY1aixture with traces of a dimeric product II . 
• 

Without, separation the mixture was submitted ta a catalytic 
75 17 

o5mylation reaction ' to give the, dioi diester lli and impuri ty IV. 
'~' ' 

Treatment of III and IV with acetone/dimethoxYP'l'opane in \he' 

presence of p-toluenesulfonic aèid gave ~he corresponding i50-

proPylidene derivatives !!!! and!y!. The mixture was separated 

by chromatography on si~icic,acid and resulted in crystalline, 

analytièally pure products. 

'''"
The ,cis-hyd'roxylJ~tion with osmiUlll tetroxide could give either 

HOWé~er; there &.tre sev~al examples exo OT the en do pr~du~ts. 
~ 

of this type o~oxidation 
, ~ " 

on similar systems ' and 'the products . , 
have been ident~fied by p.m.r. ta have the hydtoxyl ~roups in 

the exo configuration. The structur~l assignment of !!!! 
was readily established fro_, the multiplicit~ of the signaIs 

, , 

by p.m.r. In the exo~hydroxylated ·product. the dihedral angles 

betweell the bridgehead (Hl' ~A) 'and 'the endo (H • H )' p1"oto~s 
. • 5 6 

f 'O.~1.92 
are close. to 90°, resulting in near absence of coupling 

• 
... 

, 
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p 

ln the endo-hydroxylated product, however, ,the bridgehead 

protons (Hl' H
4

) a~d the exo-protons (~s' H6 ) requir\ dihedral, 

angles of approximately 45°. This would result in a significant 

'" couplin~ constant, J 1,6 J 4,5 '\J 4Hz .. 

Scheme 1 

• 

o 

R~' ~M. 
RO l ' + 

• 2M1 

/ , 
1 

In the case of the di.er !!!., t~e endo-pro~9.S 7SHS' H6 ) 

and the bridgehead protons (H1,- H
4

) app .. t, as/singlets • 
../! "--'" 
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Absence of coupling between the~bridgehead protons 

(Hl' H
4

) and the ring juncture protons (H2, H3) confirms 

the ring~uncture stereochemistry of~~ as having t~e endo-exo-
fi ta A 

configuration In contrast, the bridgehead and ring: 

juncture hydrogens H2' H7 and Ha' H3 require a dih~dral 

angle of approximately 45°, res~lting in a ii~nificant 

coupling ~2,7 J 3 ,s- 4.9 Hz 

Subsequent to the completion of this research, a study 
. 

of the influence of Lewis Acids on the Diels-Alder reactions 

of furan with dimethyl acet~lenedicarboxylate was published 
9 a 

by another group 
9 .. 

1 and LeGoff 

Dimer II wa~ first identified by SIee 

, Ozonolysis of ~ gave a c~stalline ozonide (mp: 7~-81°)t 
, 

to which structure! was tentatively assigned, based~on similar 
, 70,95 
ozonides {,: • 

.,.{a 

-,.-.=- -----------~------= ....... 
~."','\.. 

... ~ ............ -

() 

~, 
l 
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Reduçtion of the ozonide y using the condition described 
7 O' 

by Martel gave a mixture of the required product (by mass-

spectrometry) and unreduced es~er as determined by its p.m.r.

spectrum, which, showed a ratio of acetate to isopropy1.idene 

protons as 1:1 and a carboxy-methyl group at ~ 3.80 typical 
" for the starting materia1. The reduction of the ozonide was 

" 
~hen carried out under more drastic conditions by ref1uxing 

intetfahydrofuran and dtrect acetylation of the reaction mixture. 

This resulted in a 40~ yield of ~e tetraac,tate VII. 

Elemental analysis and spectra data agreed w!th the structure 
, 0 

proposed by Martel 

Schema 2. 

t. LAH-Ethltl ,,.. 
2.AcaO~ 

!ft'xt..,. of tncompIete K ... 

, .. uon ~oduct. 1. LAH..:rHF 
It.p. ' 

2'.Ac~O/Py VI 

.1 

. , 

VII . . 

i, 
l' 
î 
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~. 
1 

Cleavage of the tetraacetate VII with- sodium methoxide 

in methanol resulted in two produc~ Y!!! and IX, which 

were readily separated by column chromatàgraphy on silicic 

acid. 

Schema 3 

~~ 
OAc QAc 

1 

VII 

l' 
t-o~OH 
CJ~H + .... 0 ..... '· 

VII .IX 

.. . 

, . 
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~~"<i. 
• l- ~. 

Oxidation of tetraol Y!!l with one mole sodium'periodate 
'70 

in àqueous sorution gave 
\ f 

the originally expected dihydroxy 

aldehyde hemiacetal XII and one mole of 
" - formaldehyde (dimedone 

~ . 
derivativef. Thin-layer chromatography indicated the! absence 

, , '1 i 
of 2,5-anhydroallose, ~repared by an unambiguous route 

However ~ oxidative. cleavage of, the "isomer lX", ,using the 

above conditions, r~su1ted in the formation of 2,S-anhydro-
. . / " . 

a1105e in 80' yield/.and the liberati-on of one mole of 

formaldehyde (dimedorte derivative), The Z,S-anhydroallose 
c 

wa5 identical in aIl r~spects (p.m.r., i.r., m.p., m.m.p.) 
~ G 

with the compound obtained from the a110se prepared inde-
72 

pendentIy 

o 0 
X 

"tom.,-
IX 

~ . 

Scheae 4 

IQ,-

"If 

104- .... ~ 
~~ 

x* " 

" 

j 
, 
! 
" 
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3. New synthesis of the ter intermediate tetraol VIII. 

n 

Since none of the steps described for the synthesis 

of Y!.!! or "isomer IX" could hé improved Any further and 

since larger quantities were required ta' study the mechanism 

·of the Z,S-a~hydroallose (XiII) formation, we investigated 
,. -" 

a different route, as outlined in scheme s. 

'Scheme 5 

• 

XI 

• 
"" . 
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1 

A ruthenium tetroxide catalysed Oxidation····1 

olefin diester ~ gave an oi1y diketo ester X. 

of ,the 

Reduètion of X with sodium borohydride in refluxing iso

propanol and direct acetylation gave the tetraacetate !l 

in 58' yield, based on diketo ester X~ 

It was noted, however, that chromatographical1y homogeneous 

!l showed a slightly d~ferent p.rn.r. signal pattern of the 

acetyl protons th an t~e tetraacetate Y!! prepared according 

to scheme 2, (page 63). 

, 
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treatment of tetraacetate XI vith ~~d;~ methoxide in 
- ,1 

methanol resulted in only one product which was identical 

in aIl respeçts with !!l! and not a trace of uisomer IX" 
• 

was found in the reaction mixture. Consequently oxidation 
i 

of VIII, pr~pare~ via scheme S, did not give 2.~-anhydroal1ose 
~ , 

XIII, but the' expected diol aldehyde !!l, as it; hemiace~al 

~.p. 138-140°. Sinee at this stage, we did not know thé 

structur~ of !!' we cons~dersd the possibility, that IX 

. was. some isomer of Y.!!!, which gav's rise to the unusual 

periodate reaction. 

In any case it became necessary now, to modify the ozonide 
5 t 

V reduction in such a way, that suffieient quantities of IX 

could be isolated. 

As fitst approaeh we employed milder conditions than 

lith~ alumirium hydride:' J 

'Rèduction of ~he ozonide y wit~ sodium'borohydride in 

(~réfluxing isop~opanol. fO~lowed by acetylation in p1ridine1 

r.esulted in formation of 69' tetraacetate which was identical 

in aIl respects to XI (p.m.r., mass-spectrum, t.l.c. and' i.r.). 
, - , , 

A second compound vas isolated in 15' yield, and was identified 
, 

br ior., t.l.c •• p.m.r., m.p. and m.a.p. as. the lactone !! 
prepared via-scheme 8 (pa,. 78). 

~._.. ----~--_. ~~ .... ~11';*~ 

_Î' 
,~"", 
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" 

Hydrolysis of the tetraacetate XI obtained with sodium -, 
borohydride reduction of ozonide y gave the tetraol VIII 

and oxidation'with p~riodate again afforded 501ely the dio! 
r' " 

aldehyde as its hemiacetal XII as ~~pecte~. 
) 1 
\ t 
'~ " '''\ 

Obviously. either isopropanol or sodi~borohydride ... , 
could effect decarboxymethylation of V. -

, , 
A possible mechanism for the ozonide reduction ls outlined 

in scheme 6. ~The ,intermediate !!! could either - in the 

presence of sodium borohydride - give the lactone !! or • 

- in case of the lithium aluminum hydride reduction· yield 

a triol XXI.which indeea may be postulated as the structure 
" 
of our isomer !! (schema 4). Thus, the sodium borohydride 

reduction by-product. even though it was not the desired IX. 
o • 

offered some clue for the important by~product IX. 
1 

J' 
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~ 
Hydroiysis of the tetraacètate !! obtained with sodium 

-J • 

~orohydride reduction,of ozonide V, gave the tetraol VIII' 

and oxidation with periodate again afforded sole Ir the diol 

"aldehyde as it5 hemiacetal ~ as expected. 

dbviously, either isopropanol or sodium borohyd~ide 

could effect decarboxymethyl~tion of V • 

. 'b'. ~_~., 

.... 
A possible mechanis. for thè ozonide reduction is outlined 

in scheme '6. The intermediate'XIV could eithér '. in the -
presence of sodium borohydride - give the lact~e ~'or 

in case of the lithium alumi})umhyclride reduct4.on :., yield 
,1 ' '~ 

a triol XXI. which indeed may be postulated as the structure 
--, • 1 

! • 

of our isomer ~ (scheme 4).' Thus, the sodium borohydride 

reduction by-'product t even though i t ',was ~ot the desired IX, 
, , 

offered some clue fof' the important 'by'"'pr,oduet IX. 
~ , , " ....... 
, 

, : 

o , 

. , - .' . 
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To·prove the structure XXI (or IX) t~ be 3,4~O-isopropylid~ne 
, ' 

'2B-(l',Z'-dihydroxyetpyl)-SB-hydroxymethyl-tetrahydrofuran 3~;' 

• 4~-d~ol we synthesized it independently accordin~ to saheme 7. 
- / 

,1 

Scheme 7 
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., '1 / 

Ozonolysis of .ethyl exo-cis-5,6~Jihydrôxy-O-isopTopylidene-
>- ' ' ' 

7-ox~bi'crclo[2.2.l]hept-2-ene-2-carboxylate (Chapter II) gave 

-tin oily ozonide XIX, which crystallized on ,sta,nd,ing. Sodium 
, 

borohydride redu~ti~n and. acetylation in sitû, afforded the 

triacetat,e !! in 62\, yield, and the lacton~ 

" Lt 
xv in S\ yield. - .. 

The triaçetate XX w.s indistinguishable in -- ... ' . ," ' 

aIl t .1. c.' systems 

, ' 

tested from the tetraacetate YI! (or XI) obtained via Scheme 3 

(or 5). Hydrolysis'of th, triacétate !!,with a trace of sodi~ 
, " 

in methanol'gave a product XXI. which was'indeed identicgl. in 
-.,...- ~ , -

~ll ~es,pects, with th~ i'}aer '!!. For further' corroboration, , 

the "isomer.:' !! (~btaj.nea via scheme 3) v •• acetylated l'nd -

compared on gas liquid chro.atography, (rubber silicon eolumn, 
c/ l " 

4 ft len.gth)~ It had an ident~al retention time with 
, 

triacetate ~. 
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1 

A 

l 

( B 

1 
. o 5 10 min. 

'\ 

1 
.> 

Chromatogr.- obt~ined in the analysis of VII. -.' . .... 
, ' 

... 
Peaks: A~: 3, 4,-0'" isoporoyl idene 2B- (1 t • Z· ·,diaeetoxyethy1) 

1 

,SB aceto~,thYl tetrahy4rofuran lo, 4œ-diol. 

.. -<. • 
B, 3,4-0-isopropylidene 2B, SB-hi5(1',2'-diacet~ 

\ ' 

o~yethyl)-tetrahydrofu~aD 30, 4œ-diol. 
/" -"''''_~ .... ___ -.J 

/ .-~~ -~ 
"~...:---'- '" 

;i 1 J ~ 

The eoluan,was paeked vith siJicon gum rubber SB 30i ~h~ 
, {!; • .. 

te.petature vas 240·C an~ the flow,rate vas 50.t'heliu./ainute. 
( 

.. -' , , 

" l " 

• 

, , 

If 

! 
J , 

1 

l , 

), . .... ~. .. ~ " ~ 
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" 

.. 
In this system. the tetraacetate,y!! of scheme 3 'vas 

• cle~rly a mixture of tetra- and triacetate. It was clear" 

now, that the formation of i~t-anhydroallos~ !!lI during 
~ , " 

the perlodate cleavage of,tetraol~VIII 'was due. ta the 

( 

-, ' 

presence of triol and not t,he result of a periodate oxidation. 
1 

,Furthermore, this also explains the different p .m. r. spect,r~ 
, 1 

observed fo~ t'etraace'ta'te VII and~ XI (see page 67). From - ,-
the relative iritensities of,t~e O-acotyl, sig,nals, the overall 

integral for'VII suggest that the two sign,ls ~2.03 and 2.11, 

account for a~ta~ of closer ~~ nine~rotons rather tpan 

the valu~ ',of twel ve required for g. 

, ' 

Mass spectroaetry 'has,been extensively employed for 
• ...1 ... 

the ~onfirm.tion of the constitution of structural ana~gs' 

and related precursers and derivativ$s. The frag.entation 

pattern ob~erved for tetr.aceta~e !!!. !l-and ~riacetate 

!! is given belov. 
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1 , '. ? 

," ,. -, 
- -, 

~--- -, 

, , 

• 

1 
, .. 



, 
~~-,~ .. - --~,..., ..,.-" ... , ... .....-~ ... ,. ~ ......... -~ 

, 0 

-76-

. 
f 1 .. 

,) 
-

1 
1 

~ -
., \ ..... 

- • - .. • fil .. 
~ - 1l. ~ 

, 

! 
~ 1 

. 
li 

)( 

! -• '! 1 -
i -" 
fil' , _) 

1 ~!. ~~ .' 

'~'\ )( 

• 
~ ! ... • ..... • u '. ~ 

1 
; " . 
, .-

~ ~ 
J "-

, 

lm /= ... 
.. -." ,ri 

J 

" 
, \ . '1 

1 J _ • 1 
, 

- r-: ------~-.... : 

. 
M' '. . H2 • 

~ .~"."tI"". "Ci.,CIIt,. ~ 

.. , 

J • 

. \, Cr. 
". 

~i1 ,,~ ,. 
) 

• b . . 

1 - ,v .. 
1 

\ 

" " \. 



! 

, , 

, ( 
\ . 

-71 .. 

" 

4. An alternative ~ynthesis of 3,4-0-isopropylidene 2$-(1',2'

dihydroxyethyl)tetrahydrofuran-3a, 4a diol-SB·ald~hyde , 

hemiketal xr!. 

Early in ,our inve'stigation of the proposed re~etion 
70 

mecha~ism , we tu~ned our attention to the preparation of 

... ,~"t.he dibl' aldehyde '!!l, w~ich wàs thé suagested intermediate' 

product in the oxida~ion of tetraol Y!.!l or "isomer'~ IX. The 

proposed mechanism for the clea~age 'involved the complexation 
_ • !o.. 

of the dioi aldehyde ~II wi th l03 -. Îol1ow~d, ~Y an hydride, 

shift I(~ee page ~8). ) , '1. ' , 

, ~ . 

" We, t~erefo~e. studied an independent, unambiguous 

synt~sis of compound !!!. which is o~tlined in scheme 8. 
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.#' 

" .' 
The stèp consisted of the reduction of methyl 

2-(Sa-ca~boxy 3',4-0-isopropylidene tetrahydrofuran' 3Ci,4a

dio1·2a-y1) g1yoxylate XIV (see Chapter-II) with sodium - ... 
borohydride in the presence of ,sodium bicarbonate., . ) 

After acet~lati~n 3,4~O-isopropylidene 2B(1',2'-dihydroxy-

ethyl-2'-O-ace~yl)tetrahydrofuran·3a,4a·diol-5a-c~rboxylie 

acid cS lactone XV,' m.p. lS6-15?O, and its isomer XVI 

~.p. 102-103°, were obtained.Their different so1ubili~ies 

/ 
1 

in ether provided a clean separation by fractiona! ' 

c~Y5tal~i~ation. Both isomers were obtained analytically pure. 

Reduction of the iactone !! with diisobutyl aluminium 

hydride (2 eq,) in toluene.at -7S' according. ta the procedure 
,', 

of, Corey' and acetylation of thq reactiob. mh:ture. 
~ J,' . afforded the cotresponding lactol ~dijCetate ~, and 

a minor Imp~ritY. which yas id,~tified,as isobutyl ester xVIII. 
, 

'Hydrolysis of !!!! in aqueous sodi~ bicarbdhate a.ve the 

crystalline di 01 a1dehyde hemiketal XII, identical with a ~ 
" ""l' 

sample obtained from oxidation of the tetraol VIIl '(~cheme 4,. 

page 65). 

-As one might expect now al tbe problem ~f the period~te 

reaction has been solved." tl'eatment of hellilcetal XII with. .' ~~~ 
potalsium iodate ln varlou. buff.r solutionl te.ulted in 

quetitative r~cov.ry of .tar~lJ1, .aat,eria1. 

·1 
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The mass sp.ectrum of ill appe~'rs ~o 'retain the pattern 

observed for the 5,6-0-isopropylidene-7-oxablcyclo [2.2.1] 
~ 

derivative5. A molecular ion is still obtained <Figure 3). . 
However, the bas~ peak in the spe~trum is M+ -15, since 

\ 
cleavage of the methyl group of the acetonide 15 an important 

..;>-" 
fragmentation process. ~ 
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S. Characterization of th~lactones XV and XVI. 
3 - ......... -----

) 
Reduction of ~e aèid keto ester XIV with sodium bdro-

-t ., . ' 

hyd~ide. follow,ed by acetylation afforded a mixture of two 11-

isomerie lactones XV and XVI. Both were obtained in '- -
analytieally pure form by erystallization in a'ratio of 3:1. 

, \ 

Reaeti,on of laetone XV 'and XVI wi th diisobutyl aluminum - -, .."... 

hydride in toluane At ~78° gav~ the corresponding lactol. 
, . 

However, only 'the lac~ol obtained from'lactone!y corre-

sponded with the diol aldehyde hemiketal obtained via the 

oxidation of the: tetraol !!!! (Scheme 4, page·6S). 

-Stereochemical studi~ of vari-O~~~'7.oxabieyelo [Z.2.1] , 
{ ~~ 

heptanes in simple compounds. usina the p.m.r. method, have 
. ,. 17 t ' ' ~ , 

been reviewed • '. To f~d the chemical shift of the proton. , 

at C-l. w; repeated the }.iuction of the acid keto ~ster XIV' , 
'~... ' ,- . 
i .... wi th sodium bor04outeride. 

v Sehe.. t 

HOO 

" r ' 

r.' 

" -------- 1\ • 
D~ .. . , 
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After isolating the pure deuterated lactones ,XVa 
I!o 

and !y!! , we compared their rela~ively si~p~e spèctra with tnose 

of the non-deuterated products 'wi th regard to the coupling 
• 2 , •• 

constants It is obvious that the' coupling cons't"ants 

depénd very markedly on the c~nformati'on(s) which the 

!1lo1ecule adopta. ' I.f the coupling constants aie known, \ 

it May become possible to deduce the conformation of 

such ring's.' Attempts to dOl this \ have already b,een made 
-u 

br Jardetzky in the case of the ribose nucleosides and 

nucleotides.l For each isomer XV or XVI, there are two . --
conformations,possible,csee ~che~e 10). If we as~ume 

1 

conformation (1) J, (chair fotm) the dihedrà,l angle of 

pt:0tons "l' "2' would be ~O,· J and as.uming ,the other 
" . . 

extreme, conformation (2), the angle wou1d ,be about 110·. . , 

However, in each casa the observed coupling cçn~tants May 
, , 

be averages of both confo'~atio~s. poss'ib1e due ta non-

bonded interactions of (l)-br the acetoxy-methyl with the 1 
~ ~ 

~ ,~ . ' 

7-,oxYlen, \Dd the' 8!=lipsed form of the 1-0xygenu~th, the 

lactona oxygen of con~ormation (2). Assuming this, the 
f , 

~ihedral ânala between th~ brid.gehea4 ~roton Hl" "2 1s-

about 80(. and th!s ,would re.ult·,.i~ 'almost: no cOuP1i~g. 

Similar in isomer XVI. the avera,. dihedra1 arigle between 
~ -----, , 

~ , , . 
~ne proton. Hl' H2 of confo,~tions (S) and. J4) ,lI about 

45- .. " The coùplin, con.tant for thi. an,le,i. i. 4 C',p.s 
, ~ 

whiëh l, 1;h,e -ob~.rv.cl vabi ... 
1 • 

. , 

"'" -, 

81U 'ttt H ! j'li _Ifléf., 

, 

-' ' ~ 

; 1: 
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The dihedral angles were obtai~$d br 'measuremonts . 
made on Fieser molecular models. The exact ,values are 

" , 

~ncertain. be,cause ,i t is not' lcnown' éxactly \ hO'" the 
, " 

distortion is s'pread through the, Molecule,; ',The uncertain,· 
, , 

...' , 
ties in dihedral bond angles' a~e most'unlikely ta àffect 

, , 

~he conclusion made in this analYs!s. The good agreement 
- ~ " ' 

between cal<:ulated and obserr'Ved coupling constants f'ound, . 
, ' 
'" 1 • ' 

supports the validity of ,the a~'signme,nt .ad~ for ,!!, and 

XVI. -

• 1 
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Table 1 
~ 

~P.m:r. lrarameters for XV and XV~ in CDC13 " 

(Chemical shifts in ppm) 
--, 

gem-dimethy1 OCH H1~ 
ü H2 R3'~4 HS" . 3 

, 
) 

1.37 (5) 1.51 (5) 2.10 (5) 4,1-4.5 (m) •• 38 (5) 4.,90 (5) 4.62 (5) 
t{i-

.-
1.37 (5) .' 1.S1 (5). 2.10.Cs) 4.'38 (5) 4.90 (5) "'4.6.2'(5) 

~.~.r. -parameters foi!! and XV in benzene-d6 

, 
~ H' gea-dillethyl OCH

3 
1:1

2 
H3,H4 HS l 

~ 

1.03 (5) 1.40 (5) 1.59" (s) 4.21 (dd) 4~OO (5)- 4.20 (q) 4.53 (s) 

, 

1.03 (5) 1.40 (5) 1.59 Cs} 4·.00 'Cs) 4:20 (q) 4.53 (s) 

\ 

'" 
,.,--

. 

t . t l ~ i, [1 Lll, 4 : ! h.. "". 77 _ -rr.'.- 1 .'.'IW_I.m rn, PU 1. itYms" ~ 4113 "1 U L k .! .'IiI.}. . " t,. _.~ _ _ . " , • _ ~ _ • 
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,CH2O 

" 1 
, 

4.1-4.5 Cm)" 
, " 

CH20 

3. 84. (ddi"(f~ 
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Compound 

XVI -
XVla -

'" 
-Table 2 

.~ 1 

P.m.r. parameters for XVI and, XVIa.in CDC1 3 

(Chemical shifts in ppm.) 
gem':'dimethyl OCH3 Hl H - , 

H3 H 
2 4 

1.35 (5) 1. 50 (5) Z.10 (5) 4.8-5.0 (m) 4~. 41 {dl 4.85 (q) 
J ,. 4 Hz 

~. 

" . 
. 1.35 (s) 1.59 (5) 2.10 (5)'. . - 4.44 (5) ("'4.87 (q) 

P ••• r. parameters for' XVI ~nd XVIa in benzene:d6 .. . 
~ 

Co~oûnd ge.-diaetbyl. OCH ' 
3 Hl HZ -H3 ·H4 

XVI -
. 

1 ~63: (5) 1.11 (~) 1.42. (s) 4.45 (dd) _,4.11 (dl 4.50 (s) 

J • 4 Hz.' J • 4 Hz 

. 
1.11 (s) -.,11.42 (5) 1,.63 (5) XVIa - 4.10 (5) 4.50 Cs) ... 

, ~ :.. 
" [~ 

. -, 
-

fi ., l- ~ 

'~, ., 
~ 

HS 1 . 

4.63 (5) 

4~63 (5) 

H5 

4.63 (s) 

4 

4.63 (s") 

, 
.--., 

~1~ 

--
C~20 

4.18 (d) 
4.26 (5) 

CH20 

3. '9~ (d) 

j'. 6 Hz 

/-
J' 
J • 

. f '. 
.' 

l 

1 
i 

m, , , 710'" ail inm ... ,' •• lIT -~œa .J3JY4,JlI!':,t I,~_,_ -':~'.< :_:_~ .c;" _~ _, ,.: _ . --..," . -, --~~*ilirr Il''*'' 
;!, :. 
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, 
In summary, the foregoing discussion showed ,tha.t 

, , 

~ithium aluminum'hydride reductlon of the ozonide V 
• 

not only" ,gave tetraol' VI~I but also triol ru or IX 

and that thè.periodat~c1eavage of the mixture of VIII 
, ~ . - .. 

and XXI (or IX) gave. 2 t S-anhyclroallose XIII, whicn was, 

, formed from triol ·XXI ,(or IX) rather than,from tettaol ' 

VIII. • .-
. . , 

In order 
1 " 

to éxplain the 1055 of a ske1etal carbon 

atom upon heating ozonide y in the presenc~ of hydride, 

,the thermal reaction of'ozonide V ~a5 ~tudied and i5 

described in chapter !Y of thi5 thesis. 

The correction of UA ~oYel periodate cleavageU 70.,71 

100 
was published in 1974 
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6. Experimental Part~_ f . 

a), General 

In tlle experimental methods ;reported., the fol.lowing .. 
genera! procedures were employed:' 

{il 'AlI solution evaporations were cond~cted-under' 

diminisqed pressure on a rotatory evaporator, " 
• _ unless otherwise specified., 

(ii) Melting points were determined on a electrothefmal 

USP-samples. 

on Kieselgel F-S04. 

, -
(Iv) Giumn chromatographie $eparations were' carriéd out . . , ,~ 

'us ing Si 1 iea Gel Fa. Herrmann.· 'IUn. Germany. ' . 
" A ratio of one .gr~ of substance t~ SQ grams of 

, " .. 
siliea gel'was generally employed. 

'-) • J 
(v) Vapor phase chromatographie (V.P.C.) analysis"and 

_ 0 

separations were effected through the use of a 

FM Researeh Dual Column Gas Chromàtograph, Model 810' 

employing a thermal conduetivity ~etector. 1 ,-............,. 

\ 

, 1 

,. ~ 
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• . 
(vi) ,Infrared (i. r.) ~bsorption speetra were reeorded 

• On a Perkin-Elmer 237-B spectrometer. PotassiUm 

bromide dises were used. vmax.' values were 

measured by referenee tp a polystyrene standard. 

-
(vii.) Proton magnetic resonan,e~ (p .m~ r.) speetra were 

J '~ . 
recorded on' a Varian A'-60 Spectrometer a 

(viii) Mass speetra were reeorded on an AEI-MS~902 mass 

speetrometer using the direct sample inlet syste~ 

with a 70 e.V. ionization energy. 

. " ~ .' 
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1 
1 

Dimethy1 7-~xabicyc1o[2.2.l]hepta-2,5-dierie-2,3-dicar
• 3 

boxy1ate ill. 
. \ 

Furan (16.5 g,'0.242 mOle) and dimethy1 acety1en~di

carboxylate (3d g, 0.211 mOle) were p1aced into a 100 ml 
stain1ess steel vessel of a "Parr tt high pressure' autoclave. 

'The re,action' temperature was maintained at approximate1y ~ 

1000 for 20 h. The product was,a high1y viscous.syr~p. 

The crude reaction mixture was chromatC)graphed on silïcic 
, 

acid; e1ution with ~hloroform/methano1 (98:2) af~orded 

th~ monoadduct 1 as a yellgw.oil (22.5 g, 621, contaminated 

with traces of the endo-exo diadduct Il. 1.1'. (fil~) 1710 

(CO), 1635 (C-C), 1435 (C-H), p,.m. r. (CDC1 3)' ~ • 3.81 .. 
(s, 0~~3) 5.61 (d, J 1 • 6 ,· J 4 • S • 2Hz), 1.20 (d. J 6 . 1 

;,,~ J ,. 2Hz). 
5.4 

.. ' 

f 

{. 

: 1 

" , 
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. . 
, Dimethyl 7-oxabicyclo[2.2.11hept·2~ene-e~o·S,6-diol-. 

# ,. il 

2.'3-dicarboxylate (III) " " 
.,' 

. \ 40 ml 'o'f. a solution made up (from 1 g 'OSJJii~ t,etroxide"""

in 200 ml or t-butanol, fOl10W.~~ bY'40 ml of'~Ol hydrogen 0 

, 

p~roxide,were ad~ed to a,s~lu~ion ~f 42 g'of c~~de 1 in 
. , 

80 ml of ether and 320 ml of acetone. After èomp1etion 
. , 

of. ~he reacti~n ~s ,monito~Jd by't.l.c. (chloroform -
o , 

methan01 9:1) th& excess "202 was decomposed 'by the addition 
/ 

'l ~ 1 ~ 

~f aqueous sodium bisulfite. Methylene'chioride extraction 
, ' . " 

gave~ III and impurity IIV as anoily mixtul"e (16 g, 351). 
~ ~l 

I~r. (film): 3425 ,{OH), 1710 (CO), 1620 cm (C-C), 

'p.m.r. (CD~13) 6, • 3.84 (s, O~H3)' 4.02 (s, OH, ex, HS' 

H 6)' ~. 00 (s, H2 , 1. h 4) .' - + 
( 

f 

./ 
l' 

'/ 

1 . 

1 
- ________ >--~._..... 'T'OÔ, 
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. Di~ethyl 5,6 -0- isopropylidene-7 '>oxabicyclo [2.2 .l]hept- 2 ~'I 

ene-exo-S;6-diol-2,3-dicarboxYlate (IlIa) -(and dimer IVa). 

The crude di~l (21 g, 0.0915 ~ole) was dissolved in 

·acetone (500 ml) and dimethoxypropane (160 ml) and heated 
1 • 

to reflux w1th a catalytic 'amount, of p-toluenesulfonic acid III 

aci& for '3 h. 
. . 

After evaporation of the solvent, the residue 

was dissolved in chloroform and washed with water (2 x 50, ml). 

The combined extracts were dried (Na 2S04) and concentr~te~. 

Th~ residue was chromatographed on si1iclc a~id using chloro

form as aluent. The first.fraction 17.0g (64.5') was identL

fied as IlIa, recrystal1ization·from isopr&pano1/petro1eum 
1 
\ 

ether gave colorless plates,·m.p. 60
J
.5-62°C. l.r. (KBr) 

" 
1710 (CO), '1623 (C=C), 1.360, 1370 cm- 1 (gem-dimethYl), p . m', r. 

(CDC13) 6 = 1.32 (s, 3H), 1.50 (s, 3H), 2.50 (s, 3H), 3.83 

(s, 3H), 4.60. (s, 2H), S.08 (s, 2H). j 
~ 

Anal. cale. for C13H1607 (284.2): C, 54.93; H, 5.61. 

Found C. 54.82; H, 5,82. 

~---".""-- -, 
," ~ , ~r- .. __ ~..---, ~-r;·L .... r 
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The minor product ~, 'which, el~ted later, crysta11ized 

from ch1oroform (350 mg" 0.4\ 'based on furan), 'm.,v. 222-2'24°C. ' 

I. r. èKBr) 1717, 1705 (CO), 1615, (C-C), 1360 cm -l (g -dimethyl) .' 

Mass spectrum"(7q e.V.): mie 353, 347 ~M+-CH3)~ ~ r. (CDC13) 
ô • 1.30 (s, 3H)r~ 1.47 (s, 3H),. 2.62-2.75 (~, 2H), 3.87 ( 6H), 

4.36~'4'.48 (m, .2}1), 4.50' (s, 2H), 5"Oa (s, 2H)., 

Il . 

Anal. cale. for C 
17

H
2008 

(352.3): C, 57.95; H, S~. 72. 

1 

58.04 ; Found . C, H,' 5.87., . 
! 

1 J 
8 

, , 

• 

, , 

'" 

1 
1 
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Dimethyl~ 6.7 -0- isopropYlidene-2. 4- epidioxo-'3,8 -dioxabicyclo 
,(\ - ' 

!S.2.1]octane-exo-6.7-diol-2,4-dfearboxy1ate l. .-

\ 

01efin IlIa (2.5 g) was dissolved in 50 ~1 of ethyl-

'aeetate, was oz.onolyzed at -50°. Evaporation of the solvent 

afforded a crystal1ine ozonide (V) in quantitative yield, 

m.p.: 79-81°C •. 1.1". (KBr) li80, 1745 (CO), 1380 ém-1 

(gem-dimethyl), p.m.r. (CDC1 3) 6 • 1.35 (s, 3H), 1.50 (s,' 3H), 

r· i· 

3.94 (s., 6H), 4.73 (s, 2H), 5.12 (s, 2H). /' 

+ Mass spectrum (70 e.V.,: mIe 303, 243, [no M 332 or 317 

(M+ -CH3) J • 

Anal. Cale. for C, 46.99; H, 4.85. 

Found; ç, 46.63; H, ~.06. 

; 
" ··/~· 

1 
.' .• - .--,,-~ .. ~ - "'~"",~:;"i:_ --;_,_~,~-;:-;---;-:--:-,,-:,,:Ir-::.--,:·~:; ,: .. ~ ---~ 1 ...... --~- " .. -, . ~ *" Jt '-. tI: '1' 
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3 t 4-0-Isopropylidene 2e, SB-bis (1',2'-diacetoxyethyl)

~etrahydrofuran-3az 4a-diol (VII) via lithium aluminum . . 
hydride re~uction of ozonida V • 

• 

,( 

The ozonide V (4.0 g, 10 mmole) was added 

1ro a slurry of lithium aluminum hydride (3.4 g, 90 mmol) , 

in anhydrous tetrahydrofuran (150 ml) at 0° oveT '2 houTs. 

The mixture was stirred overnight at Toom temperature, 

then refluxed for 2 hours. ,The reaction mixture was cooled 

to 0° and acetic anhydride (25 ml) was dropped in, followed 
'. 

by pyridine (20 ml). The reaction mixture was stirred at 

room temperature for 8'hours.< Addition of wateT and 1 

filtration, followed by extraction with ehloroform (3x) 

gave the erude tetraaeetate VII. Column chromatographr ' 

on silieie acid and elution with chloroform gave 1.75 g, 

40.5' chromatographical1y pure VII. l.r. (film): 1740 

(C-O), 1370.,1380 (gem-dimethy1), mass spectrum (70 e.V.); 

~/e 432 (M+-CH3), p.m.r.: (CDC1
3

) 6 -1.35 (s, 3H), 1.54 

(s, 3H), 2.03 (s, 6H), 2.11 fs, 6HJ, 4.,0-4.4 '(m" 6Hj, 

li 4 .60 (m, 2H), 5. 25 (m, 2H). 

'0 

f ' 

Anal. Calcd. for C H 0 (432.4): C, 52.77; H, 6.53. 
19 28 Il 

P~und: C, 52 • 81 ; H. 6 . 55 . 

---------

" 1 
f 
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3,4-0-IsopropYlidene 26, 5B-bis(l' ,2'-dihydroxyethyl)
.~ 

tetrahydrofuran -3a, 4a-diol VIn and "l'somerl! IX . 

• , 
;A methanolic solution of VII (1.3 g, 3 mmole) was 

" , 
'treated overnight with a catalytic amount o~ sodium. 

After ~eutralization with anhydrou,s hydrochloric acid; 

the mixtur~ was chromatographed on silicic acid J using 
• 

chloroformlm~thanol (9:1). The less polar product gave 

300 mg (41' based ou triol) of !!, lat~r identified as 

triDl!!l. I.r. (film) 3360 (OH), 1375 cm-1 (gem-dimethy1),

mass-spectrum (70 e.V.): ~/e 235 CM+l), 234 M+n 219 

/' 

o 
... 

P.m.r.: (Aceto~e-d6) ~ 1.31 (s~ 3H), 1.48 (s, 3H), 3.62 

Cb.s., 5H), 3.90-4.10~(m; 5H), 4.75 (m, 2H). 

~ 

Anal. Ca1cd. for 

. . 

.. 

( 

Cl0H1806 x ""2,0 (24.3.2) : 

Pound . . 
~.' 

, , 
" . 

,. .. 

( 

C, 49.31; H, 

C, 49.64; H, 
"\ 

7.87. 

7.81. 

( 

. .... 
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Th~ more"polar isomer VIII (240 mg, 29')~was obtained 
\ ' , . 

. as a syrup that was homog~no~s ~nd~free of IX'by t.l.c. .' -, 
-~ , 

lor. (film) '3360' (OH), l37p",1375 cm, (gem-dimèthyl), 

mass -spectrum (70 e· .. V • '): mie' 265 (M +. 1) 249 (M - CH
3

) 

233}M - CH2 :()ID 231 (mie 249 - H20) 21'5 (mie 233 - 'H
2
0). 

P.m.r.;, (AGetone'-d
6

) .s'. '1 •. 35' (~, 3H), 1.46 (s, 3H), 
~ . 

3.64 (b.s.,,'7H), 3.8-4.1 (m, 3H), 4.30-4.50 (m, 2H), 

4.80 (d', D2H)., ' ~ 

" 

" 

Anal.Calcd., for CllH2007 x ~H20 (273.3): ,ç, 48.34; H', 7. 74.. ' 

Found' : 

r 

, . 

f 

C" 48'. 76; H, 7,57,. 

-- ........... --
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. 
3,4 -0- Isapropylidene- 2 8, 58'-bis (1' ,2' -diacetoxyethyl) -

tetrahydrofuran-3a ; 4a-dio1 XI and 3,4-0-isopropy1idene . " 

2B (2' -O-acetyl 1",2,' -dihYdroX!9thy1) tet"rahydrofuran 3a, 

4a""diol-SS;;'carboxylic aeid.'ô lactone QXV "fa: NaBIi4 re~uction 
Q • 

'of ozonide' V. 

Q 

~odium borohydride (1.9 g, 50 ~ole) WQs adde~ in portions 

to a mixture of ,ozonide V'(1.66 g, 5 ~ole) and sodium n _ • _ 

b,icarbonaté (4.2 g, 50 mmole) ~n isopr.opanol (100 ml)" with 
, ' , 

stirring at,,~oom temperature. The mixture was reflux"d 
, t" () 

for 15 hou-rs. After' evapotation of the solvent, the solid 
, , 

, , 0 J, 

~esidue was treated with a mixture of acetic anhydride- . 
, 

pyridine t12:8 ~1) oyernight. The' soluti'o'n was ,evaporated 
, - -

to dryness, fo11owed br addition of ch1oroform and filtra-
. 

"tion'to r~move aIl inorgan~c materia1. The f~trate was 
, . 

evaporated leaving a syrup that crystallized upon addition 
, '. ' ,t... " , 

of ether, giving 200 mg (14.7') of XV, m.p. 156-,157°. - ~. .~ 

This ~ateTial was' shown by p.m.r., l.r. and maS5 spectrometry 

to be iaentica1 wlth the product Synthesiz'ed ,vl.a keto e~~er 
~acid !!Y ,(see below)'. 

. ~, 
.', 

T~è, .. ether so~u_tion gave 1 .. 5' g (69.,5\) ~ as, a 

ChrollâtographiCà,ll.Y homogeneol.ls 'c.lear syr~p, identieal" 
u" \ • < -

,'in all r,espèct.s· (i .. r • ., p.m.r'.J t.l.c., g.l.~c.) 
."' ~ 

tetraacetate' ,lI obtained, .via' scheme S. 
............. , • "1 

with the 

.. 

" 
~J J 1 , ~ , 

ç . -
l ' . ' '.,. . ~. . \ , . 

, , 

,\ 

.' 

" , 
J 
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4 0 

Dimet'hy1- 2 ' ,2 - (3,4 -0- isopropy1 idene . tetrahydrofuran 3ci , 4a-
1 

~ dio~-2a, Sa-)bis g1yoxy1ate (Xl. 
j 

> 

Sodium metaperiodi.te (10 g, 50 mmo1e) in 50 ml .of water', " 
h 

was added over a period of 3 hours, to an acetonè solUtion" 
(> 

(100 ml) of the olefin IlIa' (2.5 g, 9 mmole) and ruthenium 

tetroxide (330 mg, 2 mmole) with stirring at room temp~rature . 

. After 12 hours, the excess of ruthenil~Dl' ~'et~oxide wa,s r~duced 
~ ~ 

with isopropanol (S ml) ~ , The insoluble material lias remov,ed 
~... ~ • J: , 

• ~ , ~ 1, ... .. 

b):" filtration t~Tough celite and the filtrate c:onc.entrate'd 

in vac~o.·, The crud,e p~oduct .tas ~ifie,i bl- 'c~_ ... (/~t",r~Pby 
on a s.i.lica g'el column. • Elution ~i ~l't c;hloroform/JD~.th~nol ' 

(98: 2) gavé a colorles~ oi1'. \ ' -~ 

1. ~ /(f~lm) : 

dJ.i(ethyl) • 
u 

P.m.r. (CDCi }:" ~ • 1.2'5 (m, ,3H), 1.40'(m, 3H), '3.7-3.95 3 ,'" 
(m~ 7H), 4.5-'5.1 (m~' 38). 

/ ' . 

H, 5.70. 

.,. . 

-
or " 

, , 

" ~;,', 

H. 5.97. 

, ... 

" 

! 

. , , 
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3 J 4-0~ 1 sopropYlidene .z B,- S B- bfs (l' ,2' -diacet,oxyethYl)-
. - v 

tetrahydrofuran-3«, 4a-diot' (XI). 

The diketo ester X (1.9" g, 6 mmole) was tre~ted,- with 1 

sodium b~rohydride (2.3 g, 60 mmole) in re'luxing ..iso'·, 

propanol for 4 ho~rs. The"re~ctio~ mixture was cooled 

. '- ,to. -300~, na ",aCidified w~th anhydrous hydrochloric acid.

Theo, mixt re was concentrated, to dryness. Th.e 50lid 
.' , '.,. . 
rèsidue was s,t.irred with' a mixture. of 10 ml acetic 

anhydride and lS m~ pyridine overn~ght:. After concen-
.... . 

tratien te dTyness the residue was extrâcted with , r 
, , 

methylenè ch10ride and ~ashed'with ~.5 N hydrochlaric 

acid te temove traces ot pyridine. Eyaporat~n of the. 

solvent gave an oi1y residue which was "chromatographed 
. ~ 

.on SO g of silièic acid using 'chloroform as an e1~tion 
>+ 1 ~ ~ 

"solvent. ' The desired product was ~1ut~_d first and gave 

'1.5 g (5S') of a C01~tJ";S oil. , 

" . 
1. r. (film) 1740 tc-O), 1310 cm -1 (gem-di'methyl). 

Nass-spectrum (70 e.V.): mIe 432 N+, 417 (M+-CH3). 

P.m,r. (CDCl ): 6 • 1.34 (s) 3H), 1.55 (s, 3H), 2.05 
" 3= 

(s', 6H), Z.10 (s~ 6H), 4.0-4.2 (m" 6H), 4.5-4.7 (m, 

5:1"'5.4 (m. 2H). 

Anal. Calc. for C H '0 :~ C, 52.77; H, 6.53. 
19 28 Il 

2H), 

-Pound ", C, 52.48;' H, 6.77. 
-------

, 

• 

J. 

.. 
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3,4-0-Isopropyl~ene 2a, Sa-bisel', 2'-dihydroxyethyl)
/' 

tetrah~drofur~n-3at 4a-diol (~III). 
, 

.' 
.1. :/ .. ,,~ ~!f "*';:7-- s 

- /', 

A'solution of tetraacetate XI (1.51 g, 3.5 mmorè} 

in ~O ml methanol was treated with a catalytic amount 

of sodium for 6 hours. After neutrali-zation with gaseous 

hydrogen chloride and evaporation of the solvent the erude 

product was chromatographed on"50 g silicic acid using 

chloroform/methanol (9:1). The tetraol VIII (850 mg, 93\) 

was identical with the tetraol O"btained by hydrolysi~ of 

lli, see above. 

". 

.. 
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" 
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3 4--0-1so lidene drofuran-

3a 4a-diol-SB-aldeh 

A.stirred·solution of tetraol yIII (200 mg, 0.76 maole) 

in 5 ml of sot aqueous methanol was treated with sodium 
'h 

metaperiodate (162 mg, 0.76 mmole) at room temperature 

fo~ one hour. The reaction mixture was concentrated in 

vacuo to dryness, addition of acetone and filtration to 

Temove th~inorganic saits, gave colorless plates (155 mg, 

88\), rn.p. 139-140o,.m.m.p~ with authentical samp1e via 

reduction of XV, 139-140° (see page 110). 

",:f 
1 
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J , 

~-O-ISOprOPYlidene-2.S-anhYdrO-D.L-allOsè (XIII)72. 
-ri> 

A stirred solution of 3,4-Q-Isopropy1idene-2S

(1',2'-dihydroxyethyl)-5e-hydroxymethyl-tetrahydrofuran 

_ 3a t 4a-diol ("isomer IX"), (132 mg, 0.5 mmole) in 4 ml 
, , 

of a sot aqueous methano1 was treated with sodium meta-
..,... ... ~.. ..,' . 

~. 1 ~ ... - ~." 

periodate (107 mg, 0.5 mmole) at room:tebperature for 

one hour. A whi~e precipita;e formed, which was removed 

by filtration. The filtrate was extracted with four 

25 ml portions of chloroform. The organic phase was 

dried and evaporated to dryness in vacuo. The crystal-, . 
line residue was recrystal1ized once from acetone/hexane 

to give the hemiketal XIII m.p. 194-195~C (81 mg, 801). 

A mixture of XIII~ obtained by periodate cleavage via 
'2 . .. 

a different route did not ~epress the m.p .• The 

't.l.c. (CHC1 3:CH30H 9:1) was identica1 with the authentic 
72 

samp1e 

; 

.' 
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3,4-0-Isopropxlidene-26-(Z'-0-acetyl-l',2'-dihydroxyethXl) 

tetrahydrofuran-3a, 4a-diol-Sa-carboxylic acid Ô lactone 
i 

XV and XVI. '- ---.---

Sodium borohydride (1.52 g; 40 mmole) was added to a 

slurry of sodium bicarbonate (3.36 g, 40 mmol~) and a-keto 

ester XIV (1.2 g, 4 mmole) in isopropanol (SO'ml) at 0°. 

'.,/ 
--~.-.- ...... . 

The reaction mixture was refluxed for 4 hours. The solution· 
i 

was cooled to 0° and ~eutralizr4.~ith 2 n hydrochloric acid. 

After concentra~ion to dryness and drying at room ternperature 

in vacuo overnight, the mixture was,acetylated with 8 ml' .,. 

acetic anhydride and 12 ml pyridine. Jhe mixtuti'was con

centrated to dryness in vacuo, addition of chloroforrn, 
... 

followed by filtration using ce1ite, and cQncentration 

gave colorless crystals of lactone XV (600. mg, 53.5t), 

m.p. l56-l57°C. 

l.r. (KBr): 1760, 1740 (CO), 1360, 1370 cm-1 (gem-dimethy1). 

Mass-spectrum (70 e.V.): 257 (M-CH3) J 229~· (~-COCH3).' 

P.rn.r. : see table l, Chapter 3, S.' 
ft 

Anal. Calcd~ for C12H1607(272.Z): C, 52.94; H, 5.92. 
Found: C,' 52. 78; H, 5.91 • 

.... _-", 

f 
f , 
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.. 

Evaporation of the filtrate gave 200 mg (18') of 

I.r. (lCBr):, 17,65,1750 (CO), 1375, 1380cm-
1 

(gem

dimethy1) .~ 

o 
~w ..... _ ....... __ ~ ilW .. _ ) ----

Mass-spectrUm (70 e. V'.) : 257 (M-CH
3
), ~229 (M-COCH3)· 

· P.rn.r. see table 2, Chapter 3, S. 

Anal. Calcd •. for CIZH1607 (272.2): C,52.94; H, 5 .. 92.' 

Pound: 
L 

Ct 52.72; H, 5.96. 
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3,4-0-Isopropylidene-2a-(2'-0-acetY11',2'-dihydroxy-
\ 

l' ,2',2 t -tridentero-ethrr)tetrahydrofuran:-jt, 4a-dio1-

. 5 -carboxy1ic aci'd cS 1actone ,JfVa and XVI a. 

These compounds were prepared exact1y as XV and 

XVI using sodium borodeuteride instead. 

Compound XVa m.p. 154-156°C, i.~. (XBr): 1155, 1135 

(CO) \.13~Ot 1380 cm- 1 (gem-dimethy1); p.m.r. data see 

table 1, Chapter 3,5. 

Mass spectrum (70 e.V.): mIe 260 (M+-CH3), 232 (M+-COCH3). 

Compound !y!!: m.p. 73-75°C, i.r. (KSr): 1758,1745 

1~70, 1380 cm- 1 (gem-dimethy1); p.m.~. da~a see table 2, 

Chapter 3,5. 

Mass spectrum (70 e. V.): 

) 

.. 
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6,7-0-Isopropylidene-exo-2-acetoxymethyl-4-0-acetyl-

3 p 8 - dioxabicyc!o [.3.2,.1] oc t'ane- exo - 6,7 -dio! XV~ 1 and 

isobutyl 3,4 -0- ~sopropylidene- 26 - (1' ,_2 \ -~iacet?Xyt:.t:tty~) 
tetrahydrofuran-3a, 4a-diol Sa-carboxylate XVIII. 

Lac'tone XV (950 mg, 3.5 mmo<le) was ~reated with '1 

dii.sobutyl aluminum hydride (1.0 g, 7 mmole) in toluene 

(25 ml) at -78 0 for 10 min. The reactlon,was quenched 
, 

br the addi t).on of 2 ml of methanol. After ev~pora tion 
r:: !.... ... " 

of the solvent to dryness in vaeuo, the solid residue 

was treated with a mixture of 20 ml acetic anhydride/ 

30 m'l pyridine overnight. After partial evaporation, · 

the residue was ex ' acted with ether. The erude lactol 
(\ , 

on silicic acid," using benzene:- ethyl was 

acetate (9: 1) • separation of the less polar impurity 

XVIII was monit,red by t.l.c •• , This separation afforded 

(70 mg, 4.9') of impurity XVIII. which was identified as 

isobutyl 3,4-0-~s~~oprlid~ne-28-(1',21-diaeetoxyethyl) 

tetrahydrofuran-3a, 4a-diol 56-carboxylate, m.p. 19-80°. 

. 
I.r. (KBr): ~980, 2960 (C-H), 1740 (CO), 1370, 1380 cm- 1 

(gem-di~ethyl). Mass speetrum (70 e.V.): mIe 388, (N+), 
! 

373 (M-CH3), 331_ (M-(CH3)2CH-CH2+)' 

/ 

j 

\ , 
1 

1 

[ 1 

l 

1 

__ J 
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P .m. r. (benzene-d6): ô- 0.74 (s, 3H), 0.82 (s, 3H), 

1'.17 (s, 3H), 1.44'(5, 3H), 1.~2 (s, 3H), 1.75 (s, 3H), 

1.5-1.7 (m, lil), 3.76 (d,,,lH), 3.95"(d, IH), 4.37-4.70 

(m, SH), S .1': 5.3 (m J 2H). 

Anal. Caled. for oC18"2809 (388.40): C, 55.66; H, 7.27. 
Found : C, 56.03; H, 7/37. 

, " 

The 1aeto1-aeetate XVII was e1uted later, and afforded 

560 mg (58.3\) of an oi1. 

I. T. (film): 2980, 2930 (C-H), 1740 (C-O), 1370 (gem-

dimethyl), 1220, 1040 em- l . (C-O). ). 

P.m.r-. (CDel3): 6· 1.35 (s, 3H)", 1.55 (s, 3H), 2.03 

(s, 6H), 3.80 (s, 2H), 4.3-4.6 (m, 4H), 5.0-5.3 (m, 2H). 

Hydrolysis in m~~anol vith a trace of sodium gave XII. 

The spectral data (lor., p.m.r., m.s.) vere identical with 
{. 

those of the product obtained without isolating the lactol-

acetate. 1) -, .... 

• 
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3,4-0-Isopropy1idene-2S-(I',2'-dihydroxyethy1)tetrahydro

furan-3a , 4a-diol-5s-aldehyde hemiketa1 (XII). 

The lactone XV, 420 mg (1.54 mmole), was treated with 

~ __ diisobutyl aluminium hydr ide (4.36 mg, 3.08 mmo1e) in to1uene 
" 

t(25 ml) at 78°, upder nitrogen for 10 minutes. The reaction 

was quenched by the addition of methano1 (2 ml). Addition 
, 

of sod4u~ ~icarbonate (500 mg) and stirring at roo~ temper-

ature gave the pure a1dehyde-hemiketa1 XII (240 mg, 67'), , 

·m.p.: 138-140°C. 

l.r. (KBr): 3410, 3310 (OH), 1370, 1380 cm- 1 (gem-dimethyl). 

Mass spectrum (70 e.V.): mIe 232 (M+), 217 (M-CH3); 
2 

199 (232-H20), m* 182.5 (199 /217). 

P.m.r. (DMSO): t5 à 1.30 (s, 3H), 1.39 (s, 3H), 3.60-3.65 

(m, 2H), ,3.92 (s, 1H), 4.1-.4.2 (m, 2H), 4.60 (OH, ex.)" 
. 

4.60-5.0 (m, 3H), 6.49, 6.89 (dd,OH ex.). 

Anal. Ca1cd .. for C10H1606 (232.2): C,51.72.; H,6.94. 

Found: C, 52.04; H~ 7.17. 

, 

r. 

1 

J 
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" 

3,4-0-Isopropylidenê 2B-(1' ,2'-diacetoxyethyl) 56-acetoxy- _. 

methy1-tetrahydrofuran-3a,4a-diol (XX) . 

. 
(70,72) 

The ozonide XIX (2.7 g, 0.01 mole) was treated 

'wi th sodiwn boro'hydride (3.8 g, 0.1 mole) in refluxing 

isopropanol (100 ml) for 4, hours. The reaction mixture 
n 

o was cooled to 0°, and hydrogen chleride was added until 

pH 4 wà~ rea~hed. ~fter evaporation of the solvent, the 
( ',~" ~ 

soli,d resîdue was t-reated wi th a mixture of acétic anhydride-

pyridine (30 ~1:2S ml) overnight. After partial evaporation 
" =-n , 

and addition of water, the pioduct was extracted with chloro-
il, 

form" and dried over anhydrous sodium sulfate. The mixture 

was chromatographed on silicic acid with chloroform te 

effect a clean separation of the product. The least polar 

fraction gave 140 mg (5.1\) of lactone XV. The spectral 

data Ci.r., p.m.r., m.s.) were identical with those of ·the· 

product obtained before .. 

A second fraction (700 mg, 22') -gave a par'tially 

acetylated ~roduct (diacetate). 

I. r. (film}: 1140 (CIIIO), 1370 (C-CH
3
), 1220, 1045 cm -1, CC-O). 

P.m.r. (CDC1 3): 6. 1;~9 (s, 3H), 1.50 (s, 3H), 2.10 (m, 7H), 

4.0-4.8 (m, 8H) J 4.9-5.25 (m, lH). 

... ~:,~ ... : '.~ - . 
. ._---..,..., 
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Mass spectrum 

" 
" 

Anal. Calcd. 

~ -, -.- , 
___ .. : - '"1 .... l ( 

~ r;"~ \ 1A 

~112--:';: " 

" ' 

" ' 

" , 

(70 e.V.): mIe 318, 303 (M-CH3) , 

(mie 303-COCH3)· 

:0 
. 

for C14H220S (318.3) : ·C, 52.82; 

Pound . C, 52.24; . 

-. 

260 

H, 6.97. 

,H, 7 .06. 

The .more po'lar and major product !.! 1.55 g (42.S\) 
was obtained as a syrup that was homogeneous and free 
of the ot~er products by t.l.c. using chloroform/methanol 

(98: 2) • 

1. r. (fi~lIl): 1740 (C-O) , 1310 (gem-dimethy1) , 1230 cm-l, 
1 

1070 and 1040 cm-1 (C-O). 
1 

" / 

P.m.r. (CDC1 3) : 6 • 1.37 (s t 3H), 1.56 (s i 3H), 2.06 (s t 

2.12 (s, 6H), 3.9-4 :4 (m, 6H, 4.5-4.6 Cm, ZH) , 5.1-5.4 (m, 

J 
lL 
f. (;,) Mass spectrum.C70,e,.V .. ):- mIe 361 (~1), 345 (M-CH 3)· 
\ 

r 

Anal. Calcd. fè)'t C16HZ409 (360.3): C, 53.33, H, 6.71. . 

~ound C, 53.15; H, 6.70. 

" 

( " : ' 

r 

, 
l' 

3H) , 

IH) • 

" . 
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'. " '-- , 

3 lidene 2 
, t , , 

~~ methYl-tetrabyd,rofuran -3a~~49-diol (XXI). 

" .. 

A soiution of !! (0.2 g,0.55 mmole") in '30 ml methanol 

~ was treated With a catalytic amount of sodium ·ov~rnight. '. """-- ' 

',After neutralization wi th hydrogen chloride, the mixture 
, . , , 

w~s con,centrated and chro'matographed on sil.içic ac\~ 
. ." '" ,./ 

using~chlor~form,methanol (9:~) •. Evaporation of the' 
.. <J d'", 

main fraction gave 120 mg (82') of' the triq,l XXI,' 
• J ., -r-

identitaa .in aIl res~ects' with the "isomer IX"., , ~ , i ''!. 

" 

l " 

" 

... 1 ., r • l ' 

/ ' 

3,.4 -:-0- I~'o'prOpylide_e 2'S"" (1 ',,2', -di,acé'toxyet,hYl) 5('~cetoxy-
o 1 \ 'II ' ~ 

methYl-tetr'ahldrofuran"V30t40-diol, 'XX via' açetylation of 
• 6 ',. 

"isomer IX"". 
" , t 

" . , 

, ;r 

Treatment of uisoDlt:tr lX ft
. (48 '!Ili) in a' mi:xture of ,- ' 

lit ", - 4 J" 

.. acetie' anJ:1ydride "(0, 4 ,.,l~) an~:"pyri~ine. (0.6. ml), over-
\ • • " 1 (;' " - "~ • ~ " 

night 'at rooill telllperature gave.· af.tel:' usual workup , 
, • \ "'.' " t' ,'. ,.' . , , , 

1o.è/ing (95" of xX. 'The triae'~t~1:~' was' 'identical' 
l ,1 ~'---'~'l<.. ........ # \..' , ' 

,;t .' -, ' 

with the ttiat;etate~ ~btained :via reduction',of ozonide , 

XIX, see above. 
, .. l ' 

, . , 
. , 

" , " 

, " 

- -

.' 

~ .. l' 

t 
! 

. ~. -c'. . " ;JJ. 
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x , 
Ch~pter IV 

" 

An ~xplanation of'an unexpected reaction of an ozonide. 

A novel synthesis of D,L-talofuranuric acid derivatives. 

1. Results and Discussion. 

After careful reinvestigation we could show that 

lithium aluminium hydridé r~~~c~ion of thè ozonide !!l' 
/ ' 

, ' , 

gave a mixture of tetraol a~d triol (seechapter III)., 
-t..~.' >, .. , 

In order tO,explain the 10ss o~ one $keretà~~~r~il 

atom /upon heatin~ ~zQnide, II~' in' the ',p~esence of h~\ie, ,---- '~. --
, , 

we first studi'ed ~he J;'eaètion with s.eve:tal' ()~h~r, ,~- 7 

philès (IC~, Li'B~,'" ~a~3) 0, However, the hig.Plfe~he~1C 
reaction led ta ~nSati~f~c~ryre~u1ts and gave ~omp1ex . 

mixtures. 

" .. 
. ' , 

, , 

, " . ; 

" 1 

,~ ; . 
, " 

, , 
. , ~' . < ' ,'. , 

, '1 , r ~ " ,', '0 ' , , 

• f 1 14').' -.!~" , ." • 

, !, , ' ,~" + HeoO" ' Î' , 

, /' 

", 

, '1 

", -o-'8""~ \~éo'o~~ " ".' 
"~ - ,,; -~ -:' ./.". 

, • , ' <, " -". ,,' ,\', ' :. ' , 

, " 

• '.'" "<1' , , 

\' , , 
.. ' ,~ , ' 

o 0, " , ',' ,1 ',' , X~ - ~, , , \ , 
'. :" ' , ':' ,\ ':' :, , ; 

1',1 _ 

, .~' 

" , .' , 
, , 

' .. ' 
, ' 

; '" 

, " 
, ' 

\ ' 

" 

'.".' \ ',.1."-

, . , 

t 
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,{fJJ 

Our next step was to investigate a possible thermal' 

rearrangement of ozonide,III. Vpon heating in various 

solvents, III rearranged predominantly to the stab~e ... , 

oxalic ester V, m.p. 112-114°, and to the mixed anhydr~de. 
- 1 a~l - ~.-

VIa, which was not isolated ,(Scheme 1). Hydro1ysis of - . 
the mixed anhyaride led to VI, m:p. 114-,116°. The keto

ester VI was identified by comparison of its spectral' 
---' 

data with those of an àuthentic sa~p1e described in 

Chapter!l_ Theré are'many precedencesfor both,types 

of rea~gements. For instance, addition of singlet oxygen 
./ 

ta heterocycles' leads to bicyclic systems wlti'ch rearrange 
L\ lal,las 1011 '05 

to Bayer-,Villiger type products ". 

The results of the thermal rearrangement of the ozonide 

III in variou~i 'sol vents are sUmmarized in tab{e 1. The 

yields refer to isolated products. There does not seem to 

be an obvious correlation between product distr-ibution and 

solvent polarity or dielectric constants. 

l 

, 
, 

-

/ 
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Tab1ff 1 . :". 
~. > - , 

" , yield " , 
Solvent V VI '---; , 

'7" ~,"" 

Ethyl acetate 93 0 
'.q. 

( 11 
~enzène 90 0 . 

'~ 
Acetone 90 .b 

. , . 
Ether 10* 0 

,-~ 

Isopropano'l 60 10 

T:trahydrofùran 60 27 

Water (phosphate buffet pH 6.0) 10*~ ,'2~O , --
(' 

) 

~' 

1 

* 'rhe balanee eonaiated of reoov.red 

atart.ing material •. 

\0:. 

** 
The balanoe conaiated of uni<lèntifieèl 

yrodueta. 
l, 
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{} Schomc l 
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1-O-ox.lfl~8-D.L-ribo-b.xofur.n-5-ulo.uron.t. V, 
\ . -

in chlorofora-D • 
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The p.m.r. spectrum of y (see Fig. 1) indicated the 
, 

presence of two methoxy groups at 3.90 and 3.92 ppm., . 

the anomeric proton as a singlet at 6.35 ppm., and an AB 

system corresponding to protons H and H" centered 
,2 , 3 

at 5.09 ppm. The "3 ~ignil is split into a double doublet 

J 3 2 ::r 6 Hz, and J 3 ,4 = 1 Hz, H
4 

appears as a doublet , 
,5.23 ppm. 

~ 

Further proof fc,r the structure of V was obtained 

tnrough" degradation reactions ;(Scheme 2, p. 120). 

Mi1d hydroly~is of V gave oxa1ic acid monomethy1 ester 

which on further hldr~,lysis gave oxa1ic aci&,. iso1ated 

from ~he mixture by sublimation. When V was a110wed 

to stand in etnano1 containing ,palladium on charcoal, 

a new produtt crystallized out. 

at 

Spectral and analytical data indicated the new product, 
l 

m.p. 94-95°, to be a ketal-hemiketa1 of formula IV or IVa. 

Although no rigorous proof- is adduced, we pre fer formula 

IV for mechanistic Teasons. A slight modification of the 

procedure perrnitted the isol~tion àf IV in 56' yie1d. 
\ -

On treatment with acetic anhyd:f,ide IV was' transformed 

to VII, m.p. 147-148°, in 92' yield. VII'is also formed 
.. 

by direct acetylation of V.' ~ was identified on the 

basis of spectroscopie evidence. The u.v. spectTum 

exhibits a maximum at 232 ~. in ethanol, and the i.r. 

spectrum (KBr) showed absorptions at 1782, 1769, 1748, 

; .. -. ~: " .. "'.~ .,. . .. J!. /' ,1 .. -- ,'. 
.... ,. 

J 
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Scheme 2 

/ 
III 

VI. R. H 
a. R. COaCH, 

• 

" ~ 
\ 
( 

\ 
f 
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" il' 
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-1 
1725 and 1682 cm which is in accord with the ester 

and c-c double bond absorptions. 

Catalytic hydrogenation of IV or ~ with palladium 

cata1yst in Jthanol gave two product;, w~ich were 

isolated 'by colwnn chrDmatography on silica with ethyl 

acetate/ben~ene (3:7). The major product was shown to 

be methyl 2,3-0~isopropylidene-S-D,L-talof~ranuronate 

Vt~lJ, m.~. 112-114°, (61'). It gave ~pon acetylatio~ 
a diac~~te VIlla, m.p. 77-79°. the min~r product· 

isolated was identified as the a110 isomer IX, 

l 

m.p. 96-97°, (22'). Acety1ation of IX gave the diacetate 

IXa, m.p. 133-134°j4: The p.rn.r. spectra of these two 

isomers are shown in Fig. 2 and, 3, (page' 122) . 
( 

The structures of the two furanur~nates were established 

by the fo110wing reactions (Scheme 3): Y!!l was heated 

in Methanol in the presence of a catalytic amount of 

sulfuric aeid for two hours and the mixture separated 

on siliea with ethy1 acetate. Tne fits~ product eluted. 

was methy1, (methy1 2,3-0-isopropylidene-a-D,L-talofuranosid) 

uronate !, m.p. 63-64° (25\). Acety1ation gave the oily . - . 
monoacetate Xa. A comparisôn of the chemical shifts 

lOf' 
elosely resembles that of the reported values of the 

~~ isomer (see Table II). f Because of the approximate 

nature a 'c~nelusion derived from these va1ue~ is 

necessarily tentative. 

\ 

~------- • 4''', 
J~ ~ 
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Table II 

P.rn.r. (CDC1 3) in 6 (ppm) of rnethy1 (methy1 Z,3-0-iso= 

propylideije-5-0-acety1-S-D,L-ta1ofuranosid)uronate Xa 
10 "ft,.", 

and its allo-isomer 
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/ 

The next produc~ eluted (Rf O.5}'was the oily methyl 
. . 

(methyl a-D,L-talofuranosid)uronate xl' (46\). Treatment 
, -- , 

of XI with acetone and 2,2-dimethoxypropane ~n the presence - , 

of p-toluenesulfonic acid for several hours gave a high 

yield of X, identified by. p.m.r., i.r., t.l.c., m.p. "and 

mixture rn.p. 

Acety1~tiQn of XI gave t~e tri-acetate XIa, rn.p. 

105-l07°~ The p.rn.r. proved to be slightly different 

from that of methyl (methyl 2,3,S-tri-Q-acety1-a-D,L-
106,108 . 

allofuranosid)uronate A sample of ·this compound, - .-
.. . 

rn.p. 103-104°, obtained from Prof. ~ukarni, showed a rn.p. 

depression with ~, and a diifer~nt pattern in the i.r. 

(XBr) svectrum. 

The third product of the methanol/sulfuric acid 

reaction proved to be the a-isomer XII. It was eluted 

la st (Rf O •. ~.) in 29\ yield. Treatment of XII with ~ 

acetone/dirnethoxypropane in the presence of p-to1~ene

sulfonic acid gave XlIb, rn.p. 112-113°. Fig.; 4 and-5 

show the p.m.r. spectra of the B-isomer X and a-isomer 

XlIb.' 

i 
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/ 

J " 1 • 
'. Reduction of the mond acetate Xa with lithium aluminum -

hydride in ether and direct acety1ation/of the reaction 
1 

mixt~re), gave the'!R0no ~cet.~te lIIIa, ~;, 64 j 6S 0
, and the 

oi1y diacetate XIIlb. > XIII was obtai~e~' by sodium ~ethoxide 
cat~ly%.éd methanblysis:ôf lIIIa or XIIlb. Here also, the 

ana'iit'~~1 data were in complete agt,eement wi th the structures 

/propos,eti • 

1 o~ sample 'Qf: metht~, 2.'3-0-is~prC?PY~idef·~-a-D-'a110~uranOSid:e . " 

XV , -m.p .. ' 94-96°, W8S not wentical with XIII, nor was' ~he ' 
\ \ ---::---,' 

" l , 

cor!espondi". diaéelat~ '!Y!. iden~ical 'With,/I.II~. -<tHowever~ '1 

1 • 0 t .. 

when XIII was-subj~cte~ io ~xidative cleavage with periodate," 
, , 

the a1dehyde XI,!:" m.p,. 9~-9~o, showed 14ent~cal'i.~. ~in.,chloro .. 
• , l' .. , 0, 

,.fOrm). p.m.t'. ~ ,t .• ~.~.'~ tlnd re~ntion tim~ on g.1.e. w~th the 

1. aldehyde obtaiIled from' oxidttive cleaYage of XV. ... 
l' . '" l ' .~. ," 

, 

" 

f ," 

f l ~, J 

, . ' , 

1 b 

''.J. '. -

. .. 

~ 
" q a ~. 

, 1 

...•... 
, . 

. . 
1 • 

,. , . 

'1 "1 

l' , , . 

, ".f 

. , 
.. 0 

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

" .. 
~( 1 

, ':,1' 

" 'r ;. ,.,~, :', ~., .', ' ~. 
, \ ~ ~ . 

, . 
1 

, '. 
.. 

, l', « 



---~-

.' , . , 
, ':. .~., '.., ! 

.. . 
D,,., ... :. ~ ~ 

J l, ' 

'~,,4 '-'--:'JP ... ~~tjh"'&I"1Jo~~;"r'. 
'~·_--_.~_.-41 ....... __ ...... _,-,t--~ ""lt;I:aUtlZII:! 1 ;;.., , :. 

) 

, 
1. , . 

/. ',', 

- 1 

! 

\ , 

" . 
, 

Conclusion: 

, ' .. 

-128-
.l' • J 

\v 

" F'rom our experiments in Ch~pter III t lithium alumimim 

hydride reduction in tetrahydro,furan or sodium borohydride 

reduction in isopropa~ol gave higher·yields of decarboxylated 
~ 'r.:-

products (triol or lactone) than one would have expected 
. . 

from the, thermal rearrangement.alone (see tab e lI, page 116). 
, . 

~t would seem that there must'aiso be some dire~t attack .b~ 

the hydride ion (see page 114, Nu • H-) duxing the reduction . 
;--

'p:rocedure. 

In:summary, we have elucidated the products of the thermal , 
, ~ Q. 

ozonide reartangement, correlated the stru~ures and stereo-.. . , 

c~emistry of the rea~tion products and~aeveloped an interesting 

J ~y~the'sis. pf talofur.n91c. aci.d de~iyativ~~. The total syn-

thésis of dîmethy~ f~Q~ox~tyl'-,2 t 3·-0 .. 'i$opropyiidene B-D ,L-
. , ' \ . '. 109 

rib~hexofuran·S-ulosuronât~ V'was pub1ished in/the Can.J.Chem. . . " .: .'-'- . / , 
, . / 

'It 1s d.edicat~d tQ, Pro,fe$s~r C.A. Winkler of McGill University 

·on the occasio~~f his' sixty.-flfth birthday. 
l' ,~. • ' 
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/ 

2. ' Exper.imental 

, 
Melting points were determined on a~ electrothermal 

black and are correcte~. NMR spectra were recorded on 
, 

~ a Varian ~ssociates A-60 spectromete~. 1. r. spectra ' 

were obtained on' a Perkin-Elmer 267B spectrometer. 

'U.V.-spectra were recorded on a Bausch & Lomb ,50S 

spectrophotometer. Micro-analyses were carried out 

1 • 

by Micro-Tech. Laboratories Inc., Skokie, Ill., U.S.A • 

-

, " 
. ' , , . . ' . 

.. 

" 
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Dimeth 1 1-0-oxal 1-2 ribohexofuran-

5-ulosuronate CV). 

An ethyl Acetate (100 ml) solution o~ dimethyl 5,6-0-

isopropylidene-1-oxabicyclo[2.2.1]hept-2-ene-&xo-5~6-diol-

'" 
2.3-dicar~exy1ate (lIa) l10 g, 0.035 mole) was cooled to -60· 

. -- - - - ~ ~ ~ - -. ' 
and t'reated with ozone in oxygen at the rate of 1 mmoles of 

* ,ozone per hour. The reaction was confinued until the blue 

color, characteristie of ozone, persisted. The reaction mix

ture was flushed with nitrogen and the solvent was evaporated 

at room temperature under redueed pressufe to, about 20 ml. 

The semi -crystalline ozonide was he'ated in a water bath for 

20 minutes until aIl the solvent evaporated. The product 

crysta11ized from ethy1acetaté and ether, yield 10.9 g (93.2\)" 

m.p. 114-116°. I.r. (KBr) l~ (Ester), 1120 (CO), 1380 cm- l 

(gem. dimethy1), p:m.r. (CDC13) ~ • l_~39 (s, 3H), 1.56 (s, 3H), 

3.90 (s, 3H), 3.92 (s, 3H), '.83 (d, J 2 ,3 • 6H~,1H), 5.23 

(d, J 4,3 • 1 Hz, 1H), 5.36 (d,d, J2,3 • 6H;,J3 ,4 • 1 Hz, l~), 

6 , 3 5 (s, IH). 

"'-
Ma.s spec'trt.DI: ale 332 (M+), 311 (N+ -C!f3) 

Anal. Cale. for 

Pound: 
C" .'.99; 
C, 47.22; 

H, 4.8.5. 

H, 4.85. 

Alternatively, the ozonide (!!I), m.p. 79-81°, was iso1ated 

and the pure ozonide refluxed for 20 minutes (solvents, see 

table 1) and the residue after evaporation was crystallized 

from ethy1 acetate-ether to give V. 
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• 
Dimethy1 7,8-0-isopropy1idene-2,4,9-trioxabicyc1o[4.2.1] 

nonane exo-7,8-diol-3-hydroxy-5-et~oxy-3,S-dicarboxy1ate IV. 

A solution of V (10.9 g, 0.033 mole) in ethano1 (250 ml) 

was stirred with palladium (st) on~charcoal (2 g) for 8 hours. 

The suspension was fi1tered through ce1ite, and the cata1yst 

washed with ethano1 (5 x 25 ml). The filtrate and washings 

were'combined and evaporated to dryness. Addition of ether 
, \): . 

afforded 7.0 g (S6') of IV, m.p. 94-95°. l.r. (KBr) 3490 . 
(OH), 1752, 1725 (Ester), 1378 cm-1 (gem-dimethy1), p.m.r. 

(CD~13) -6 • 1.20 (t, J • 7 Hz, 3H), 1.35 (s, 3H), 1.45 (s,' 3H), 

3 .• 17 (q, ZH), 3.8Z (s, 3H), 3.97 (s, 3H), 4.,60 (s, 1H), 4.85 

(d, J Z,3 • 6 Hz" lH), 5.10 (d, J Z;3 • 6 Hz, IH), 0.21 (s, 1H), : ~ 

4.4-5.4 (broad OH). 

Mass spectrum: . (70 e.v.) 

317, 303. 

Anal. ~alc. for C15H22011 (3.78.3) : 
Found: 

C, 47.62; H, 5.86. 

C, 47.72; H, 5.91. 
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Treatment of dimeth 1 1-0-oxa1 1-2 3-0-i50 idene-

- 8-D,L-ribohexofuran-5-u10suronate (V) with anhydride. 

A solution of y (166 mg, 0.5 mmo1e) in a mixture of 

aeetie anhydride (1 ml) and pyridine (1 ml) was stirred 
. 

for 12 h. After removal 'of the solvents, the oi1y residue 

was disso1ved·in eh1oroform, earefu1ly washed with 1 N hydro

eh10ric aeid and dried over sodium sulfate. Evaporation 
, 

and crys~a11ization from ether-petroleum ether gave 150 mg 

(80') of m, m.p. 147-148°. 1.r. (KBr): 1782, 1769, 172&: 

(ester, C-O), 1682 (C-C), 1437 (CH), 1389, 1370 em- 1 (gem

dimethy1), p.m.r. (CDC1
3
): ô. 1.43 (s, 3H), 1.45 (s, ":sH)', 

2.20 (s, 3H), '3.83 (s, 3H), 3.92 (s, 3H), 4.81 (d, J 2 3 
. , 

= 6HZ,?), 5.90 (d, J 2 3 • 6 Hz, IH), 6.50 (s, JH). 
( , 

n '. 

Mass speetr,um: (70 e.V.4) mIe 374 (M+), 359 (M+-CH3), 

343 (M+-OCH
3
), 315 (M+-COOCH

3
). 

Anal. Cale. for ClSH1S011(374.3): C,48.13; H, 4.85. 

Found: C, 48.32; H, 4~89. 

Acetylation of IV ) 
,\IV (500 mg, ~.34 mmo1e) was acety1at~d and purified 

as described·~bove. 465 mg {92tJ of VII rn.p. 147-148°, 

were obtained. l.r. and p.m.r. spectra were identical 

with those of a samp1e obtained as above • 

. ' 

:; 
, 

:,:,', ' V'IIIJI 
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~ Methy1 2,3-0-isopropylidene-S-D zL-talofuranuronate (VIII), 

and Methyl 2,3-0-isoproprlidene-S-D,L-allofuranuronate , 

A solutïon of ~ (7.0 g, :8.5 rnmole) (or y,~.2 ~, 

18.5 rnmole) in ethanol (250 ml) containing 5\ tal1adium 

on charc~al (2 g) was hydrogenated for 16 h at 50 lbs/in2 • 

The suspension was fi1tered through eelite, and the catàlyst 

washed with ethanol. The filtrate and washings were combined 

and evaporated to a syrup. The erude mixture showed two 

produets on t.l. e. Chromatography on a si1iea gel:~~co1umn 

(350 g) and e1ution with ethy1 acetate benzene (3:7) gave 

- " sueeessively 3.1 g of YI!! (67.S'), m.p. 112-114° efrom 

aeetone petro1eum ether), and 1.0 g of IX (29\), m.p. 96-97° 

(from ether petro~um ether). 

.~ 

VIII: l.r. (XBr) 3400 (OH), 174S' (Ester) , 1442 (C-H), 1380~ 

1375 em- 1 -1gem-,dimethy1), p.m. r. (DMSO-d~) 6 - 1. 22 ' ~ 

(s, 3H), 1.40 (s, 3H), 3.71 (s, 3H}, 4.35 (d, J
2 

3= 6 Hz, , 
1H), 4.3-4.4 (m, 28), 4.83 (d, J2 ,3 • 6 Hz, lH), 5.20 

(d, J 1 ,OH • 6 Hz, 1H), 5.63 (d, J • 9.Hz, OH), 7.10 

(d, J • 6 Hz, OH). 

Ana1ysis cale. fo'r C H 0 (248.2): 
10 16 7 

Pound: 

~, 48.38; 

C, 48.14; 

H, 6.50. 

H, 6.50. 



, 
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, . 
J 

IX: I.t,:'" (KBr): 324Q;.COH), 1740 (Ester), 1470,1440 (CH), 

138~·,.1~~0 cm- 1 (gem-dimethy1) J p .m. r •. (DMSO-d6) 
v' 

ô • 1.30 (s, 3U), 1.40 (s, 3H), 3.70 (s, 3H), 4.10 

(s, 2H), 4.47 (d, J = 6 Hz, lH), 4.80 (d, J
2

' 3 
,'2,3 , 

- 6H, IH)" 5.20 (s, IH), 6.23 (2 OH). 

1 
, 

(M+), 233 + Mass spectrum (70 e.V.): mIe 248 (M -CH
3
). 

Ana'l • Cal c • for C10H1607 (248.2) : C, 48.38; H, 6.50. 
~ 

Found: C, 48.49 ; H, 6.66. 

" \. 

\' 

f 
. ---~--.--~. . ~ ... ---.......... -.,...~-.I 
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Methyl (2,3-0-iS~frO~y~idene-1,S-di-0-acetyl-B-D,L
al1ofuranosid)uronate (IXa)" 

1 

A solution ôf IX (100 mg, 0.4 mmole) in acJ:iC anhydride 
/ ~ 

(3,ml) and "pyridine (3'ml) w~s stirred for 18 h. at toom 

temperature. After evaporation to dryness,. the residue 

,.5 dissolved in chI'oroform, the solution washed with 
, ' 

dilute hydrochloric acid, dried (sodium sulJate), and 

èvaporated to dryness. The residue was crystallized from 

ether and 

133-134° : 

1360 cm- 1 

petroleum eiher. Yie1d: 000 mg (74\), m.p. 

i.r. (KBr) 1745 (Ester), 1442 (C-H), 1380, 
/. 

(gem-dimethy1); p.m.r. (CDC1
3
): ô· 1.35 (s, 3H), 

1.46 (s," 3H), 2.08 (s, 3H), 2.19 (s, 3H), 3.79 (s, 3H), 
1 

4.59 (d, J • 7 Hz, IH), 4,.80 (d, 2H), 5.02 (d, J 
2,3 2,3 

• 7 Hz, 1H), 6.22 (s, 1H). 

/ 
+ ... 

Mass spectrum (70 e. V.l: m ~ 332 (M ), 317 (M -CH3), 
+ + + 

301 (M -OCH3)' 289 (M, -CH3CO), 273 (M -CH3COO). 
~ 

Anal. Cale. for C14H200~ (332.3): C, 50.60; H, 6.07. 

Pound C, 50.51; H; 6.14'. 

, 'r 

\. ' 

-~,~..,...'I....----

Î , 

.: .', ~,'<'''': :~ .. ~. 
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Methyl (2,3-0-isopropy1idene-l,5-di-0-ac~ty1-B-D,L-

• ta1ofuranosid)uronate (VIlla). 
,r 

T,reatment of VIII (100 mg, 0.4 mmo1e) with a mixture 

of acetic anhydride apd pyridine (1:1), under conditions 

j identica1 to those described for the preparation of !!!, 
gave 125 mg. (93l),of VIlla, m.p.~ 77-79°. I.'r. (KBr) 

1710~ 1755, 1742 (Ester), 1433 (CH), 1378 cm- 1 (gem-dimethyl), 

6p •m•r . (CDC1 ): cS'" 1.36 (s, 3H), 1.50 (s, 3H), 
,3, ~ 

2.05 (s, 3H), 2.17 (s, 3H), 3.80 (s, 3H), 4.70 (dd, J
Z

,3 

• 6.5 Hz, J 3,4 • 1 Hz, 1H), 4.75 (d, J D 6.5 Hf, 1H), 
4,5 

! 4.94 (dd, J 4,5 • 6.5 Hz, J 3 ,4 • 1 Hz, IH), 5.21 (d, J 2,3 

• 6. 5 Hz, lH), 6. 20 (s, 1H). 

; Mass spectrum ào eO' V.) : 
+ + mIe 332 (M ), '317 CM -CH3). 

Anal. Cale., for C H 0 (332.3)i C, 50.60; 
14 20 9 

Pound: C, 50.61'; 

,H, 6.07. 

H, 6.17. 

f 

'. 
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Mathyl (methyl 2,3-0-isopropylidene-a-D,L-talofuranosid) 

uronate (!.), Methyl (methyl -a'-n,L-talofuranosid)uronate 

(XI) and Methyl (methyl -a-D,L-talofuranosid)uronate (XII). 

A solution of 2.3 g (9.3 mmole) of !!!L in methanol 

(IOO ml) and a eatalytie amount of sulfuric'acid was heated 
/ 

under reflux for 2 h." and evaporated to dryness. The 
. -, 

residue was chromatographed on silicic acid with et)ly1' . r 

acetate as eluent. Fraetion~ (15 ml each) were collected 

'and examined by t.l.c .. Fractions 6-18 were combined and 

evaporated. Crystallization from "hot petro1eum ether . , 

yie1ded 610 mg (241) of X, m.p.: 63-64°. I.r. ,(KBr) 3435 

(OH.), 1743 (Ester), 1~55, 1442 CC-H), 1382, 1375 cm- 1 

(gem-dimethyl), p.m.r. (CDC13) : cS - 1.35 (s, 3H), 1. 45 

(s, 3H), 3.45 (s, 3H), 3.82 (s, 3H) , 4.21 (s, l ex, 2H), 

4.60 (d, J 2 ,3 • 6 Hz, IH), 4.80 (d, J 4 5 • 2 Hz, 1H), 
~ 

, 
4.90 (d, 3 2 ,3 • 6 Hz, IH), 4.96 (s, IH). 

Mass spectrum (70 e.V.): mIe· 262 (M+), 261 (M+-l), 
+ 247 (M -CH3). 

Anal. Cale. for crlHls07 (262.2)~ 

Found: 

C, 

C, 

50.37; 

50.41; 

H, 6.92. 

H, 6.97. 

\ 
J 
j 

.1 . 
j 

1 
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'. 

Fractions 22-32 were cornbined and evaporated to give 

950 mg (46\) of XI as a syrup. lor. (KBr): 3400 (OH), 

1735 (Ester), 1437 cm-1 (CH) ~ p.rn.r. [(CD3)2CO]: ô'" 2.92 

(s, IH), 3.30 (,s, 3H),. 3.77 (s, 4H), 3.95 (d,.lH), 

4.1-4.4 (m, 4H), 4.70 (s, 1H). 

Mass spectrum (70 e.V.): 

t 
222, (M+), 190 (M+-CH30H), 132 

(M+-OH-CH2-COOCH3)· 

. 
Ana1ytica1 data were obtained on the acetate XIa. 

The more polar product XII was co1lected frorn fractions 
'" ~ . . 

35-43; yield: ,600 mg (29'). l.r. (film): 3400 (OH) t 

1745 (Ester), 1437 (C-«) , p.m.r. [(CD) CO]: ô 2.84 (s, lH), 
3 2 

3.32 (St 3H), 3.75 (s, 3H), 3.6S (~, J • 9 Hz, 1H),' 
"1 

3.9-4.5 (m, SH), ~.82 (dd, J 1 ,2 • 4 Hz, IH). 

Mass spectrum (70 e.V.): fIl/e 221 (M+-l)·, 190 (M+ -,CH 3 OH) , 
~ + 163 (M -COOCH3). 

Anal. Cale. for C
S
H140 7 (222.2) :' C, 43.24; H; 6.35. 

1 

Found: C, 42.73; !i,~6.4~ • 

14' 
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Methli (methyl 2,3-0-isopropylidene-e-D,L-talofuranosid) 

uronate (!) from XI. 

A solution of Xl (500 mg, 2.25 mmole) in acetone 

(3 ml), 2,2-dimethoxypropane (5 ml) and a catalytic 
-

amount of p-toluenesulfonic acid was refluxed for 3 h. 

'After conc~ntration ta dryness, the residue was dissolved 
~ , 

in chloroform, 'washed with water, dried and evaporated. 

crys~ailization. from hot petr~leum' ether (tLp. 30-60°) 

gave 520 mg (88t) of X, m.p.: 64-65°. The~spectral data .... ' 

(i.r., p.m.r., m.~.) we'te identical with those'of the' 

product obtained direc'tly from VIII. 

). 
: 

'\ 
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Methy1 (methyl-2,3-0-isopropy1idene-S-0-acetyl-6-D,L-

talofuranosid)uronate (~a). 

Compound X (400 mg, 1.52 mmo1e) was acetylated with 
- 1 

~cetic anhydride ·(4 ml) and pyridine' (4 ml) in the usua1 

manner. Chloroform extra~tion and co1umn chromatpgraphy, 

using benzerte/isopropano1 (98:2) as e1uent, gave 450 mg 

(97\) of Xa. 1. r. (film): 1747 (Ester) , 1435 (CH) , 

"" 1372 -1 (gem:dimethyl), p.m.r. (CDC1 ): 15 ... 1.33 (s, 3H), Cm 
3 

,. 

q , 

1. 50 (s J 3H), 2.17 (s, 3~) , ,,3.35 (s, 3H), 3.81 

4.55 (dd, J 4 ,5 = 8 Hz, J 4,3 ... 1 Hz J lH), 4.60 

1H), 4.90 (dd, J 3 4 .. 1 Hz, J 3 2 ... 6 Hz ~ 1H) , , , 
5.12 (d, J S 4 .. 8 Hz', lH). , 

il 

Anal. Cale. for C I1H 0 (304.3): CI' 51.31; 
13 20 8 

Pound ,C, 51.67; 

1. 

1 • 

(s)' 3H). 

(d, J = 6 Hz, 
2,3 

5.00 (s, lH) , 

H, 6 ~ 63. 
, 

H,6.75., 

1, 

:, f 

\ 

< 

" 

" 

" ) 
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.- .. '-, 

uranate tXIa),.,1 

, , ',(" - h 

1 

. 'Compound Xl (450 1I1g, 2~mmo1e) was -acetylated with 
...... . '- .'., • ~ ,Q !';o 

acetic. -acid (4 .ml) an('PYt:idine .(4 ml) in, the usua~ 
• • " • 1 ~ , ' 

manner. Ch1.OI'Q'form __ extractfan and crysta11ization 
, , 1 

from'chloroformJpet~oie~ ,~theT, 
l ' 0 _ - ' Q 

, ' 

gave 550, mg (78-'), , 

m.p.' 10S--,107~ ~ 1 .r, (~~l;") 1763, 
" , 

1740 (Ester), 1440 ,,",CH), 

1375~ 13'68 'cm-1 (ge~;~Ümethy1)" p .m. r .ceDe-l ):' ~ • 2.07, 
, - 3 ' , 

, l ' 

(s, 3a)., 2.12,'(5" ,3H) , 2.21,(5, 3H), 3.41 (s, 3H), 3.82: '. 

(s~ 3.")~ .~,,60 (q, lH~'~ ,4.9°,,(5-,'111), S.19'(d, J 4 ,S 

_lJn~ 5".'22 (d, J2,,~ -: 4.6_H~" 'lH) , 5.44, (q~ lH). 
" 

. "" 

MilS s' spectrUJll (70 'e,. V.): ,m/è· j48 (M+~,' 3.,7 (M ... ·-l)'~ 
'+- ,,', 

.. ~ .- 288 [(~' .-1) -COOCH3) • ' 
o 1 

J, , . 
'Anal. Calé. for 

" . C HO" (348.'3): 
14 20 10 ' 

C, 48.27, H, 5.79. 

, -0 

j 

'" 

, 
Found: H, ~.88.~ 

,0 

" 

. , 

" " ,~ 

, ' 

, " 

l' , 
t' 

c 

1. 

/ 

, ,J , 
/J • ~ 

". 
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~f' 

Methyl (methyl 2,3,5-tri-0-acetyl-a-D,L-talofuranosid) 
, ' 

uranate (XIla). 

A solution of XII (100 mg, 0.45 mmole) in acetic 
, --

a1lhydride (Z'ml) and pyridi~e (2 ml) was stirred at 

room temperature for "ZO h. After evaporation, thé 

residue was pu:r,ified on a silicic acid co1umn using 

be~zene/methanol (95:5) as eluent. T~e band of R -0.5, 
. '. f 

"gave the tr\acetate XlIa. 90 mg (57'). I.r. (film) 

1750 (Ester), 1435 (CH), 1370 (CH
3
), p.m.r. (CDC1

3
): 

cS • 2.15 (s,' 6H), 2.20 (s, 3H), 3.42 (s, 3H), 3.80 

(s, 3H), 4.60 (m, 'lH), 5.0-5.3, (m; 3H), 5.40 (d, JI 2 , 
• 2.5 Hz; 1H). ' 

".-

Mass speetrum (70 e. V.) : mIe· ~17 Vt+ :OCH3), f89 

()f+ - COOCH3). _ 
;J 

Anal. Cale. for 

\ 
C H 0 (348.3): 

14 20 10 Pound: 
C, 48.27; 
C, 48.60; 

H, 5.11. 
H,5,.87. 

" 

.. ~ /' 

\ 

" 

... 

u 

/ 
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-1Methy1 (methyl 2,3-0-isopropylidene-~-DtL-talofuranosid) 
, 'IV 

uron~ te (XIIb). 

, L", 
A solution of XII (350 mg, 1.57 mmole) in acetone 

(5 ml) and 2,2-dimethoxypropane (IO ml), containing a 

catalytic amount of p-toluenesulfonic acid, was refluxed 
, 

for 2 h. Chloroform extraction and'purification on a 

silicic acid colu$n gave 345 mg (84\> of Xllb, m.p. 111-112° 

as colorless needles. l.r. (IBr) 3435 (OH), 1145 (Ester), 

1450, 1431 (CH), 1380, 1370 cm- 1 (gem-dimethyl), p.rn.r. 

(CDC1
3
): ô -1.38 (s, 3H), 1.58 (s, 3H), 3.05 (d, lOH), 

3.45 (s, 3H), 3.84 (s, 3H), 4.\0 (d, J • 1 Hz, 1H), 4.50 

(dd, 1H), 4.6-4.8 (m, 2H), 4.93 (d, J I ,2 • 4 Hz, IHl. 

Mass spectrum (60 e.V.): m/e· 262 (M+), 247/(M+-CH3), 

231 (M*-OC"3)' 203 (M+-COOCH
3
). 

Anal. Cale. for C11"lS07 (262.2): C, 50.37; H, 6.92. 
, Pound: C, 50.49; H, 6.97. 

. . 
,/ 
, 
~ , 

l' 
t 
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Methyl 2,3-0-isopropy1idene-5,6-di-0-acety1-B-D,L
fi 

ta10furanaside (lIIIb) and mono-f.c:iate (lIlIa). 

A solution of la (455 mg, 1.5 mmole) in ether 
\ 

(5 ml) was added dropwise at. 20° ta a slurry of 

lithium a1uminum hydride (114 mg, 3 mmo1e) in anhydrous 

ether (50 ml). The mixture was refluxed for 3 h, cooled 
't" 

ta 5°, and a mixture of pyridine-acetic anhydride (1:1, 
11! 

10 ml) was slaw1y added. The reaction mixture was kept 

at room temperature for 20 h, poured on crushed ice, 

stirred for 15 min., and then extracted with three portions 

of chloroform. The extracts were combined, dried (sodium 

sulfate)" and evaporated to a syrup. The residue was 
N" \ 

chromatographed on silicic acid with chloroform-methanol 

(98:2) for elution. Fractions (10 ml each) were collected 

and examined by t.l.c. The'less polar oily diacetate Xlflb 

was eluted ffrst.· Yield,," ?~f .. X~iP~: 180 mg (381) • 

l.r. (film): 1740 (Ester), l~~) (CH), 1370 (CH ), p.m.r. 
, ' . 3 

(CDC1
3
): <5. 1.34 (5,/ 3H), '(.50 (s, 3H), 2.07 (s, 3H), 

2.10 (s, 3H), 3.34 _ (s, 3H), 4.02 (dd, 1H), 4 • 23 ( d, 1H), 

4.35 (d, 1H), 4.55 (d, ,J • 6 Hz, 1H), 4.75 (dd, J3 ,2 • 2 

1H), 5.00 '(s, lH), 5.20 (m, lH). 
1 , 

Mass spectrum (70 e~V.): mIe 318 (M+) J 317 (M+-l), 303 

(M+-CH
3
), 287 (M+-OCH

3
), ,275 (M+-CO~H3)' 

Anal. Cale. for C H 0 (318.3): Ct 52.s1; 
14 22 8 

Pound C, 52.96; 
H, 6.97. 
H, 7.03. 

Hz~ 

( 

, ------,_._-------- ' 
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The more polar mono acetate Xllla was eluted next, 

and crysta11ized from hot petro1e~ ether (b.p. 30-60°). 

Yield: 180 mg (43'), m.p.: 64-65°. I.r. (KBr): 3380 (OH), 

1742 (Ester), 1462, 1437 (CH), 1375, 1365 cm- 1 (gem-dime~hyl), 

p.m.r. '(CDC1 3): .s 1.,33 (s, 3H), 1.50 (s, 3H) , 2.09 (s, 3H) , 
C) 

3.50 (s 'J,}H) , 3.60 (s, OH, lH), 3.80 (m, lH) , 4. O~4. 3 (m, 2H), 

4.50 (s, 1H), 4.59 (d, ~2,3 • 6,Hz, IH), 4.85 (d, J 2 1'" 6 Hz, ,3 
1H), 5.00 (s, IH). " 

Mass spectrum (70 e.V.): mIe 276 (M+) , 261 (M~-C»3)' 
.. ' +, 

245 (M -OCH3), 233 (M ~COCH3)' 

Anal. Cale. for C12HZod7 (276.3): C, 52.16; 'H, 7.30. 

F o und : ,C, 52. 27 ; H, 7. 32 • 



.. 
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\. 

Methyl Z,3~O-isopropylidene-8-D.L-talofuranoside (XIII). 
1. 

A catalytic amount of sodium was added with stirring 

to a solution of Xlllb (180 mg, 0.56 mmole) in ethanol 

(20 ml). After 18 h at room temperature, the mixture 

vas neutralized with anhydrous hydrogen chloride in ether, 

and concentrated under reduced pr~ssure to dryness. The 

residue vas ~urified by filtration through. a silica gel 

~, column using chloroform/methano1 (98:2) as eluent. After 

combining the main fractions, XIII was obtained as a cOlor-

1ess sy~up. Yield: 100 mg (7St). I.r~ (film) ·3420 (OH),' 

1372 em- 1 (gem-dimethyl), p.m.r. (CDC1 3) ô· 1.32 (s, 3H), 

1.50 (s, 3H), 2.90 (broad s, 2 OH), 3.48 (s, 3H), 3.65 (s, 3H), 

4.S0 (brosd s, lH), 4.60 (d, J 3 ,2 • 6 Hz, IH), 4.85 d, J 2 ,3 

• 6 Hz, 1H), 5.00 (s, 1H). 

Mass speetrum (60 a.V.): mIe 234 (M+), 219 (M+-C~3)' 203 
+ + (M -OCH

3
), 173 (M -HO-CH2-CH-OH). 

" Anal. Cale. fçr ClOH1S06 (234.2): C, 51.21; 
Found: C,,5l.l1; 

H, 1.75. 

H, 7.81. 

Treatment ~f XIIla under conditions identical with those 

~escribed abov~, gave pure!!!! in ,451 yield. 

,-
f 
( 
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Methy1 2,3·0~isopropylidene-S-D,L-ribo-pentodia1do-1,4-

furanoside (XIV) from XIII. ----
A solution of sodium metaperiodate (22 mg, 0.2 mmole) 

in water (1 ml) was added to a solution of XIII (46 mg, 

0.2 mmoÎe) in met~an91 (1 ml) and phosphate buffer pH 7.0 

(0.2 ml). The mixture was stirred for 2 h at 20°. 

Evaporation, ether extraction, and partial evaporation 

of the ether gave 35 mg (89\) of ~, m.p. 94-95°. 

I.r. (CHCl~): 17jO (CU), 1372 cm- 1 (gem-dimethy1, p.m.r. 

(CDC1 3): 6 • 1.35 (s, 3H), 1.50 (s, 3H), 3.37 (s, 3H), 

4.50 (s, lH)~ 4.55 (d; J 3 ,2 • 6 Hz, IH), 5.05' (d, J 2,3- 6 Hz, 

lH), 5.10 (s, IH), 9.95 (s, IH). 

Mass spectrum (70 ~.V.) : mIe 203 (M+ +1) t' 187 (M+-CH
3
), 

173 
+ 

(M .-CHO). 

Anal, Cale. for C
9

H
14

0
5 

(202.2) : C, 53.46 ; H, 6.98. 

Pound: Ct 53.24 ; H, 7.1.2. 
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/ 

Methyl (2,3-0-isopropylidene-S,6-di-O-acetyl)-e-D-
J . 
allofuranoside (XVa). 

l 07 
Acetylat~9n.of XV (117 mg, 0.5 mmole) in the 

usual manner gave 150 mg (94'), of !Y! as a syrup. 
-1 l.r. (CHC13): 1745 (CO), 1440 (CH), 1370 cm (gem-

dimethyl), p.m.r. (CDC1 3)· cS • 1.27 (s, 3H), 1.45 

(s, 3H), 2.03 (s, 3H) 'J 2.08 (5 ; 3H), 3.35 (s, 3H), 

4.0-4.5 (m, 3H), 4.60 (s, 2H), 4.98 (s, OH), 5.01 

(dd, lH). l 
\ 

Methyl 2 ,3-0-isopr~,PYlidene-8-D-~-pentodialdo-1 ,4-

furanoside (XIV) !'.!.2!!. !Y.. 

!Y, m.p. 94-95°, was oxidized with sodium meta 

periodate in methanol at pH ? as described previously. 
- , 

" 

The Aldehyde !!! had identical i.r. and p.m.r. spectra, 
, 

and g.l.c. and t.l.c. behaviour as D,L-XIV, obtained 

from XIII. -

-" , 
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Part II -, 

SYNTHETIC STUDIES TOWARDS 

OXACEPHAM DERIVATIVES 

'. 

1# 

Several synthetic sequen~es for the synthesis of 
~ 

an oxacepham derivative were investigated in detai1 and 

the resulting product~ were characterized. The Ugi-, 

reaction using an atdehyde-àcid with ammonia was studied 

and,the reaction products identified. 

A ~umber of a,a,a-trichloroethylesters was prepared 

as a protec~ing group, which was to be re~oved with1[t 

attacking the sensitive -C-N- group. This resulted in 

the deyelopment of a particularly mild cleavage method 

for these esters, with patential ~plications to peptide 

chemistry and similar synthetic prob'lems. 

\ 
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Partie II 

Contribution A la synth~se de d_riyés de l'oxac§phame 

, 
Divers essais de synth~se de. dériv6s de l'oxacéphame sont 

examin6s de pr~s et les produits obtenus sont caract~rises. 

La r6acti~" de Ug! avec un aldehyde-acide et l'ammoniac est 

6tudiée lt les produits de la réaction identifiés. 

Quelques esters B,a,a-tricha,.lo6thyl sont pr6par6s comme 

groupe protecteur propres 1 atre d6plac6s sans affeceer la 

fonction instable -C-N-. Une mêthode de clivage particuli

~rement efficace pour ces esters est alors élaborée. Cette 

m6thode pourra-! t s'appliquer 6galement A la chimie des 

peptides ou autres domaines connexes. 

-, , -

r ' 

< 

1 1 _ 
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. \ 
INTRODUCTION 

1. Oxygen analogs of cepha~osporin antibiotics 

Se~eral total syntheses o~penicilljn-cephalosporin 
1-' 

antibiotics have been completed • but to our know1edge 
7-t 

only t~rie - • were achieved for the oxygen analogs ~f 

the cepham ring system (1). 

1 .. 

7 ' 
Sheehan preparod the 2-aryl-S,6-dihydro-l,3-oxazines 

(4) by(condensation of a nitrile (3) ~ith ~-methy~-2,4-
• '" . 1 0 pentanediol, (2) ~n the presence of sulfuric acid The , 

" . \ l' 
reaction of these oxazines (4) with phthaloylglycyl chloride 

. 
and triethylamine gave the a-lactam, 2,4,4-trimethyl-6-aryl-

~-phthalimido-~cep~am (1). 

+ R-C-N 

2 3 

1 

XN ,. 
~R 

" 

-' ~ 
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... 

Christensen' prepared (t)-l-oxacephalothin (~Z). 

Treatment of benzy1 a-aminodiethy1phosphonoacetate
5 

(S) 

with et,hy1 thionoformate resu1ted in- benzy1 a.-thioforamido

diethyl-phosphonoacetate (6). Treatment of ~ with methy1 

iodide and potassium carbonate gave benzyl a.(S-methyl

thioimidato)diethylphosphonoacetate (7), which was condensed 

with azidoacetyl chloride to give the B-lactam (8). 

Chlorination of ! gave the isomeric chloro compounds ~(9). 

The chloroaz~tidinone (9) was dissolved .in l-hydroxy-3-

acetoxy-propanone and treated with AgBF4 and Ag 2û to give 

(10) which~~as cyc1ized t~ (11). 

Reduction of the azide with Pd/C and acylation with 

thienylacetyl ch10ride gave 7B-(thienylacetamide)-1-

oxadethiacephalosporanic acid (12). -

12 

1 
f 

1 
t 

1 
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, 

o COOCtizPh 

G (C,H.O)J~NH2 

() 

COOCHtPh 

( C,H.O).!J.-.jH 

S~C"""'H 

6 

o YOOCHaPh 

i lA 
(C,H,O),P ':~ 

cH,sH"'N 
H H J 

8 

-"' 

'\ 

, 0J:0cHaPh 

l' 
(C,H,O).P . J.t 
~o : . N ,_. H H ) 

OCOCH, 

\, 

\ 
10 

5 

1 
l 

1 
1 

7 

9 

11 
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.--- -.--.. _-. 1: 
, 1 

.1 
9 

The third oxacepham synthesis was reported by Wolfe • , 
The crucial step was the transformation of the thiazolidine 

ring of the penicillin nucleus into ~ dihydro oxazine ring , 
to form the oxygen ana10g (14) of. A -cephem. 

O~~I""= 
HHI~ 

, 0 

13 14 

. ~ 

2. Biological activity of Pen~cillin and Cephalosporins 
1 /" , 

The penicillin and cephalosporin'derivatives prevent 
.... -

cell wall formation in b8;cteria 11.12. Specifically, they' 
\, . 

are thought to 'prevent cross-linkage of the peptidoglycan 

peptide chains, the terminal reaction ln cell wall bio-
~ , ... 

synthesis. These drugs are assumed to inactivate irre-
" " versibly the as yet unisolated membrane-bound transpeptidase, 

, , 
li ' 

,enz~e The active penicillins are aIl deriva.tives of 
"' 

6-am,i no penicillanië acid and the active cepha~osporins 

,of â'-7-aminocephalosporic'acidI1,12., Both series of drugs 
. \. 
l, " 

are remartably nontoxic as a consequence of their great 

specifici ty. 
,;. 

, -- '~-_!-."-------~""j '<' Vi"-- 1: ... 

{ 

: ~ 

• 
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ëarly attempts to explain this specificity.were based 

on the idea that penicillin is isosteric with the terminal 
1 .. 

D1a1anyl-D-alanine dipeptide The strained'~-lactam 

portion of the antibiotiçs are presumab1y the site of the 

che~ical reactions. Thus in this scheme penici11in would 
1 5 

be considered to be an affinity-labeling agent 

, 
The enzyme binds penici11in to its active site in a ' 

conformation that approximates the dipeptide conformation . 
. ' 

Penicillin i5 a1ready'a ,strained molecu1eJ~having.the B-

lactam ring; the rings are strongly puckered. 

If the rings ,et flattened out (i.e., ring N-hybridization 

goes from sp3 to sp2) at the active site of the enzyme, 

penicillin would'mimic the dipeptide substrate. If' 

penici11in ~s distorted in this way by the enzyme, its 

chemical reactivity would be incre~sed manifold, thereby 

greatIy increa5ing the probabjlity of a chemical' reaction 

with an active-site residue. 
~ 

Aside from the nitrogen atom, the cephalosporins and 

penicil1in nuclei have sulphur as the only other heteroatom. 

Since the su1phur atom could possibly bind to an electrophilic 
< 

site on the enzyme, it was of interest to determine whether 

sulphur i5 necessary for the biologieal activity of these ' 

compounds. Substitution of sulphur in ~he bieyc~ie system 
" 

by a smaller atom eould 81so result in hi'gner strain in the 
1 

system and, henc&~ a more reactlve 8-1aetam moiety and 

therefore.an antibiotic with inc.reased activity. 

) 
/ 

~ ;, .,.~~ 
t._ -~ •• L 

1 
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3. Outline of the Project. 

A novel synthesis of a-laetams (18) was reported 
" l' 

in 1962 by Ugi and Wiseh6ffer who allowed isocyantdes 
~ , 1 ... 

ta reaet wi~h ~çh~ff bases 01 aldehydes with a-amino ' 

.acid~ (lS)~ The reaction ~as earried out in a two'phase 
,-
system of water and petrioleuin ether. In aqueous' s,olution 

, ' 
\ 

... the 'imine aeid (15) is ï'n eqt,1ilibrium with th~ zwitteri6n 

(16), which reaets by Cl add-it'lion to the isonitrile ~o ,fo'rm 
.' ,1 i', ' , , , 

'the adduct (17)", This rearTtil'nges by means of trans-annular , ' 
l' ." 

aeyl migration tQ (18)-~ -With this mechanism. a 'C:lS c~nfig-

uration of 'the carbamide and 6-1aetam'is expeeted • 

~N COQH 

""",SgCH, -... 

15 

~ ~ )~. 
17 

. , 

>(':.tH COO: 
S~CH. 

.. -
R-N=C 

16 

~NHR' 
H-"S),=(CH 

H H ' 

18 

.. 

e 

. , 

( 
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. ' 
1 1 

claimed in a dissertation to have 19~5 Sj (tberg 

syntheslzed cis-6-phenyl~eetamido penicillan alkylamide 
-' 

.q. • 

(l~) using ~is Ug1-react1on. 

-,, 

CONH:"X " 

.>Q~HCOO 
19 

\ 

. ,Thes'e approaches sugge~ted to synthesize a cepham 

derivative in a similar manner. 

11,11,20 
Previous studies by this res,earc~ group 

seem to have come very,ç~ose to '~he envisaged objective 
l , 

and paved the way to-t~~important intermediates 37a ~ 
18"1", 20'" 

(Rossy and Rosebe~ry) '. or 40 (Chung) respectively 

(Scheme l, page 171).' , ' 

aj 

The purpos~ of this study was ~wof6ld: 
J '1 ... 1, 

to improve the synthetic,p~thways (see scheme l, 
1 

page 171) to a degree, ~hat ~uffiçient quantities 

of 40 became available for 

b) dem~nstration beyond doubi', whethér i t 1s possible 

or not to obtain an oxacepham derivative with this 

methotci°. 

" 

. , 
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"., 

In the course of these studies it became necessary, 

to devise a very mild method for ester cleavage which 

'~ill be dealt with in chapter 4. 

The synthetic routés existing at the beginning of 
o 

<,) 

this project are outlined below: 

18 19 
Rossy, Roseberry and Chung , , started with D-rnannito} 

(20) which was converted ,to the glycera~dehyde acetonide (22) 

via 21. ,22 ~as, reacted with for~aldehyde to 23. This 
1 e 1 <} 

dioxane (23) was treated with either N-methylethanolamine 
, 20 28° 

(27) or N .. methylaininoethanethiol'- (29) in refluxing 

" benzene to g~ve oxazolidin~ alcohol ,(24) or thiazolidine 

alcohol (24a)., Treatment with methanesulfonyl chloride at 
o 

-50 gave the crystalline oxazolidine mesylate (25)~or thia-

zolidine rnesylate (25a). , " 

. 
, Condensation of the oxazolidine rnesylate (25) with the 

sodium salt of thiol (31d) (deri ve'a from '2l.<phcriyl- 4 - ethoxya. 
""" ' 

'.. ~ 2" 0 ' ' 
,..methYlen,e;:,-oxazo)lone (31» in DMSO at 75 ~'gave (33' in 

low yield At this stage Rossy hydrolyzed the OXàzolidine ~ 
o 

protectirig group ta the al~ehyde (34), follQwe~ by 'treatrnent 
.. • i ';I . ~ 

wi th 2N- sodium hydrox~,~ to gi ve the aldehyde acid (35). 

• , 

, J. ,- ~--...." "-_.- - - - !" 
,~-~ ... ~~~" 

. , 

" 

'. 

.. .::3 
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l' 
l' 

, Rosebex:ry· on th'e other hand formed th'e met.hy~ 'este,r 
"'-, 

(36) by ring opening of the oxa:zolidine-oxazolone 'with 
~ 

methanol. Cleavake.of the aldehyde prot~cting group . ' 
, , 

" 

, folJowed by treatment, witb ammonia g~v~ (37a), wh:ich 

\ '; 

, , . 
was hydrdù.yzed by treâtment with, lithium n-propyl , 

:n 
mercaptide in HMPT It'O yield '(37, page 171). 

l' .. ' 20 
Building on ~he vexperie~ce of these studl'es, Chting" 

pushe~ fthe scheme furt:her and c~me 'é1osast t'O' the desir~d,' 

synthe~i's of a new class of antibiotics, the oxacepham 
r 

derivative (4.1). He for11!ed the J3,a,.I3-trichloroethyleste'l' 
, ; \ 

by .rillg opening of the _oxazolone ,(31a) _, f~llowea. bY',~~n: 

~ densation wi th the thia~lidi~e mesylate (25~), si~,ce. Ae 
foqnd that the oxazoli~ne g~~.Wi~h .oxrgen . 

nucleophiles ~ Hydrolysis of the ~hiazoli~ine gr,oup~ 

followed by ~reatment with ammonia gave the ester (40). 
o ~ , 

Cleavage of the J3.$,S-trichloroeth'Yl estèr with' zine',dpst 
-~ l" l , " 

:'in 90' acetic acid at 0° yielded the crucial second~last ' 
• J' 1 .... 

'int~rmedia~e (4Qa) • 

. ~. 
, Un~o1"tunate'lY, the 'yie~ds leadi,ns ~o 40a or .37 br ei ther 

,r9~tr ~e~~ s~ l~W~ tb~_t th~ ~ve~t'û~sucç:ess of the' fina~ 
Ûi~~réaeti9n .1e~ding to~~41) could only be juda~d by,the 

! ~.... ' , -,.. • , / 

lnfrare-d and ,mà$5 ,spee'tra of 'thé '-r:6action Pl'~ducts. q, 
• ;' , _ ~ ~ ~ ... ~, ~ , ,,' .. ;, ~" ,~ , ~ , " L 

.1 " ( ,{ .. / 

l''~ > l 

"', . ~ .. 

" 
.. 

, . 
, 1.. ~ 
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" 
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, 

T 

, 1 

" / 

Ilf 



f- -170-., o . 
< ." \, , 
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CHAPTBR 1 

) 
( 

( 

~ 

"Preliminary studies' toward the synthesis of the imi~e acid, 

using be~zyl and p-methoxy benz~l, e'sters as acid. ,rot.ection 
~ 

groups. 

20 
Since Chung had littlè sqccess in hydrolyzing the 

\ 

B ta, a -trichlo.roethyl ester (40) to prepare the /tecessary 
, 

precurser imine-acid (40a) in reasonable yield~f ~e turned 

our attention to esters which, àre readily cleaved under 

mild (prèferably anhydrous) clondi,tio~s. Two of. suéh 'estlts 
'. 

were investigated, the p-methoxybenzyl ~nd the benzyl esters. 

, 

, Benzyl esters and a variety of substituted benzyl ~sters, 
- , 

Dlay be ~emoved as -tol~~me ~ or the corresponding sub,sti tuted 

tO,luene t by hydl'ogenolysis. Several ~thods have been 
12 

employed to brJng ab06~ debenèylation .• 

. Scheme 2 illustra";os 'our approach to 45. 2-.Benzami,do-

3-hydroxyacry~ic acid p-.ethoxy-benjyl ester ('2) was 

"prepar~d from ~he, ~~à~~ion of 4-hYdroXyme,.ylene-2~Pheny~

S-oxazolone (31.) .lth p· •• thoxybenzyl alcohol; 'the .odium 
, -- ' , , 

salt ~42a) was p~oPàr.a. ~it.b ~ocu.~ ~~hp~lcle .l~ eth.~ol. 

" 

-, 
, , - :', .... 

,. ... 
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Condensation of the thiazolidine mesylate (25a) , 

(scheme 1) _with the ,sodium salt (42a) ih 2-butanone 

at 80° gave a 95' yield of the thiazôIidine ester (43)., ~ 

Hydrolysis of the aldehyde protecting group was' carried 
• \ 20' 
out using mercuric chioride in aqueous tetrahydrofuran. 

Treatment of~the aldehyde este~ (44) with ammonia in THF 

gave the imine-e~~er, which wa$ purified by column chromato~ 

graphy using ether as eluent.· The imine ester (45), 

rn.p_ l14-l17° was eluted first followQd by a second 
.!I ' • .. ~ 

fraction, which was identified as the ~eaction pyoduct (46) 

o~ ethanol wi~p the imine ester (45). Thè p.m.r. 
, . 

spectrum. of 46 .snows a 'triplet at .6 1.20., coupled with
4 

. " 

a methyléne group at 6 3.32 ppm (J • 7 H~), indic·ating 

the presence'of an ethy1 group. An exchangeable triplet 
l "-

1 \ 

,at ~ 2.80 ppm, coupled with a methyle?B group st ô 3.67~ pprn 

(J • 6 H~ confirms 'thé presence of a hydroxymethylene , ~ 

group. Furthermore th~r~ are Il/protons downfield, w!th one 

represent{ng a'CH-N group. The rest of ~e remaining 

spectrum iS,similar to tha~ of the required product, ~he 

imine ester (45). The 'mass spectrum of 46 shows a molecula'r' 
,., J,..,. :.' f 

ion peak at m}e 514. The basè peak at mIe '499 repres~nts 
'" " .! 

\ 
•• ,. 

.' .- ,. 

/ 

'. 

" 
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'1 " , 
the 1055 of a methy1 group. ~igures 1 and 2, page 176 

" 
show the p.m.r. ~pectrum in deuterated ch1oroform of 

, . 
46 and 46a. The origin of, the ethanol was traced back to 

the ether which was' \:1sed for chromatography. That in fàct 

,the imine is very reaétive toward alcohol,was demonstrated 
" 

by reacting (45) wi~h one equivalent of.methanol in tetra~ 

hydrofuranj an almost quanti~ative yield of (46a),was. 

isolated. The above results éxclude aIl a~cohols f9r the 
\ 

of the imine~ester hydrogenoly~is and also dernonstrate the 

sensitiv'ity of , . this group. 

"il' 
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ceeded with the hydrogenolysis we tested n 
• ~i 

stability of the, imine-est~r. Thus, the ester (45) 

dissolved in a number of solvents such as ether .. dioxane, 

ethyl .acetate and chloroform. The s~l~tions were stirred 

with and without Pd-C in the absence of hydrogen. It was 

found that the imine-ester (45) was not stable long enough 

to permit hydrogenolysis of the ester group. • 

'In '~ 'p~r~llel 'sJie's ~ -~e prepared the benzy14 ester 

" using the phthal(yl group as o~lined.' in sch-:~ 3 (page 178) 

The phthaloyl derivatives had .w~ advantage that they , 
"" 

were highly crystalline. , 
Phthaloylglycine benzyl ester (47) was formylated 

. with benzyl formate and sodium benzyloxide in re~luxing -

1 t~lu,n" t~' benzyt 2 -phtha~i.ido -3-hydro~""rYla te ;(48')/' . 
and it5 sodium salt (48aJ vas· prepar,ed by treatment of). (48) 

~ith sodium~ethoxide. Condensation'of the thiazoiidine . / 

1 ,( • - _ 

mesylate with 48(1 'gave 49 in,.J9t/y1eld. Hy,drolysis of· 

the' th1~.o1idine group( .id~;~eat .... nt with ammo!ÜJl in ether, 

gave Cryst,llin,;~~rti~:4aiDe (SI; .... p. 108-110' C, in 40' 

yield. p.m.r studles, in DMSO~D6 of the carbinolamine (51) 

showed tbat immediately after diss91ving and deuterium 
, ~ 

exchange, CH-aD absorbed at ~4'~ 28 ppm and NJ)-CH-O showed a 
---- \ , 1 

,f doubl~" at $5._ ~3 PP... After ,20 hQurs, the CH-N absorption 
... 

at· ~7.72 ppm appeared, and H~ resonated downfield st 

, , 
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Ô 5.68 ppm as a doub~e ~()_~blet, coupled with Hc (Jb,c" 3Hz), 

indicatin~ that elirnination of water took place to form the . ' \ 
imine (52). Mil~hydrogenolysis or (52)-at at~ pressure 

- , 
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1 

The p.m.r. spectrum was consistent with the proposed 

structure 53. The two protons, H and H , which had , a c 

appeared at 6 7.72 ppm and 6 4.97 ppm respectively fn the 
l 

imine ester 5Z, disappeared. Eight protons appeared as 
, u \ 

mul tiple ts at ô 2.98- 4. 05 1'ppm and one exchangcable proton, 
~ , 

at 1.90 ppm. Also, a double doublet st ô 4.35 ppm ,wàS 
\ 

assj,gned to the N-Qi-O pX,oton. 

Thd rnass ~pectrum of the product showed a ~olecular 

ion CM + 1 = 333) and a base peak atl mie 317, i~dicating 
cleav~ge of the methyl group of th~ acetonide, which is .. . 
an imp?rtant fragmentation process. : '> 

It Is known that a-imino. acids of type (52) are easi~y 
16 2 .. \.. 

decarboxylated, and there i5 some experiment~l evidencc 

that ~irnilar imine acids lost carbon dioxide even on stondinr 
~ , . 

at room ternperature. We eoncluded that, on, the basi~ of the 

spectral data of S3, the hydrogec'nolysis produced the desi red "
l' 

imine ac1d, but that the C-N bond'was reduced equa1Iy 
~ 

rapidly. Further studies using different catalysts gave 
. 

essen~ially tne same results,tand 1t. was ~ot possible to 

hydrogenolyze the ~en2:yl esters without reducing the C=N bond. 

.J ~ 
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Since we were unable to hydrogenolyze th~ imine-esters . 
45 or 51 to the imine acid (37) or to the ~orresponding 

phthaloyl derivative, we returned to the use of a,s,s-.. 
trichloroethyl esters as acid pTotecting groups in spite 

20 

of the low yield reported by Chung , hopi~g to, improve 

the reaction conditions. This is discussed in the next 

chapter . 
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CHAPTliR 2 

Studies towards the preparation of the oxacepham -deri y"ati ve 
t , 

, ri/. 
using the a1dehyde~acld (55) as intermediate. 

&, 

Treatrnent of 4-hydroxyrnethylene-S4oxazolon~ .(31a) with 
..... . 0 ''"'" 

e,e~e-trichloroethanol gave (32), m.p. 87-88 C. The 

~ 

sodium s~lt (32a) was prepared by treatment of (32) with b~ 
l , ~/ 

spdium ethoxide in ethanol. 

-
3h 

i-<,t:Ciz CHz CCII 

.RO . ~H-C~r 
Il,R .H 
.,R-Na 

, Condensation' oi' the thiazolidinè 1n~sylate ,( Z58) wi th 
"" '\,-' 

the sodium salt ,of th'e' bénzam~do a,cry1ate (IZ,a), gave (38) 20, 

, , 

which wc obtained for thé first, t,ime ,as crystallin~ matcr,ial, 
o. ,~ , 

m.p. 126-128 , in 68\ yield. ~reatmC\'nt of 'the thiaz,olidinc . ~ 

ester (38) with zinc dust in 9.0\ aqJleo,us ace/tic acid affordcd' 
f " " , 0,' 

the thiazolidine acid (54) in 53\" yield ~ '.m. p. 159 71~O' • 
, , , , 

The .~ldehyde group ',tas ag,ain liberated by ~reaimen~ ôf (54)":,. 

wi th mercur~f$~hlori'de in aqueous tetrahydràfu:ra~l) Yie1~~n~: :~. 
S5 in 90\ yi~ld. Howeyer, ,thé' a14ehY4e-ac~d (55). t whicb ,,!as:'. 

~) 
. --------

.. 
" . , ' , . 
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l 
( 
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ini tia,lly soluble in- ether, decompo~ed on standing at r,oom 
1 

temperatur~'within 30 minutes, and the resulti~g product ~as . . . , 
'insoluble in ether. The p.m.r. spectrum showed immedia-tely 

- . 
~i'ter dissolvlng"of the aldenyde-acid the,.required protons. 

" . <.1 
However, after 'Sorne tirne,' a broad p.rn.r. spectrum was 

obtai~edt ind~cating thai the~ornpougd was unstable. 

" ~ \.l ," 1\) 
o 

'S'inee ~hè" ab9ve,results showed that the aldehyde acid (55) 
. ~'" ~ 

ïs unstable~ we afte~pted a fpur cpmponent con4ensation using 
- " " J. ('3 3 , ~ 1 

. the aldehyde .. ad.d (55) in si tu. I~ is kn(!)wn 'that ~onia, " 
• • .".1, 

cP,tilnary . ~nd secondary amfnes, 1 ~s weIl' ~s .h~dr~tine derivati ves 
, " ~ ~ ~ 

can 'he u~.e~ as' ~mine component ln the U~:r'''r~action'. ,1 .r~ f' 
~', '. 1 ~ ! " 1 1 

, ' 

1; 
, ..... , 

... " " 1 -

, , 
Ra 

~ Ntt~i: ... é- R"· • 

. , , ., . 
• 0 

(), ~~~ .' -R'-N-C + fi-coo-
_. -

',\. ' 

! ~, ! <! ... , 
Il,, 

'J' 

, 
, , 

The cômbin~~ort o~ ammonia ~r pr~l~ry amines', !~nd ,aldehyclcs 
• • ,.",','.' " 0 • 1. , 

or, ketonè., rea~t~. wit~ c:~rboxyl~~ 0 acids, and isoni tt:l1es to 
0' ' "'." ,> 'r ' 

f'orm 1:.h~e ,intermédiate ct- adduets." .".-thesc 'undCl'go '0 .... N' acyl 
:. '. J _ " " .- ". , ' 

',,~' ". - ... /01 _ "~': l ,'" 

. ~ '~- '~,', . , 
... ,_ z' 
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( 
transfer by a c~cl~c mechanism yield~rig e-acylarnino'carbonamides. 

The formation of the' tw~ carbonamide groups in' the final 

pro'duct provides the reaction with a st1'ong driving force 
1 

(see arrows). In our exarnple, the aldehyde-atid (55) functîons, 

simultaneously as the aldehyde and aŒid component. Furthermore 

the reaction with the isonitri1e takes place in the aqueous 
1 6 3 3 

phase and Hungèr -dilution condition's'l Y""G.-therwise ,the 
, , 

formation of resins predominates. lor th1S feason we used 

aqueQus ammonium hydroxyde. 0.9 Equivœlents of ammônium hydroxid~ 

and cyclohexyl fsoni trUe and phosphate buffer (pH 6) were 

added t~ freshly prepared aldehyde-acid (55). The two-phase 

syst~m was vigorously stirr~d for 2~'~ours. After workup, 

the mixture was purified by ~hromat~g~pty and the major 

fraction reCrystal1i~f~om\~~~~~fhe product showed an . 1 

absorption at l730,cm- t in~iallY+thOUght to be the S-lactam, 

and the mass spectrum s~~~ a (M +1) 'at mie 458, the cleavagc '\ 
• J' \, 

of the methyl group at tille 44)an,d :he 1055 of acétone at mie 400. 

The .rest of the fragmen~tion w s ch~racteristic for the requireù 
'~ /' . 

product (41a, page 184). Arfhough the p.m.r. spectrum was 

consistent with structure (41a, CZ4H31N306) microànalysis 
-

po~nted to CZ4H30NZ07 ' indicating that the isonit~ile reacted 

wi th the aldehyde in a Passerini -lik, reaction (osee sch'eme 4). 
_1 • 

The i. r. absorption at 17,30 cm c ~ould now be explàined as a 

«ta~ijnsaturate~ ester and the peak at mie 458 as the molecular 

ion peak. 

'. 
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Scheme 4 
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CHAPT ER 3 ' 

Attempts to develop a suitable acid protectiDn ~roup 

for the synthesis of a oxacepham derivative. 

As a result of the foregoing studies it bec~m~evident 

that an.acid pr~tection group was needed, which fulfil1ed 

the following criteria: 

a) Stabi.1ity to aqueous tetrahydrofuran, which is 

the solvent ~quired to liberate the free 

b) , 

c) 

aldehyde function. 

, ~ 

Stabi 1 i-ty towards ammoni'a in dry ether,. nccessary 

to form the imine. J 
('-.., 

Particularly mild eleavage prior to or, during the' 

Ug~ireaction in order not to interfere with the • 

sensi ti vd\.aidimine. "1' 
'-

\ 20 .. 
Chung found that t-butyldimethylsi'lyl ester of model 

\ ~ 

compounds are stable to ammonia in methylene chloride fo~ 
, 

24 hours, but~solvolyzed within 40 minutes in aqueous tetra-
.. • /1' 

hydrofura~. This ruled out the possibility of cleaving th~ 

thiazolidinc group with mercuric chloride in tetrahydrofuran . 
. 

. , 

He also discovered that the thiazol~~,ine group in 2Sa (page 170 ) 
~ 

could be cleaved using m-chloroperbenzoic aeid without solvo-

lysis of the silyl ester. 

:/ 

.1 
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" , 

Treatment of thiazolidinesilyl ester(S9) with m-chloro-

perbenzoic acid gave, however, a complicated mixture and n 
) 

alde~yde silyl ester (58,page 188 ) could be isolated. 

To try to circumvent th~ use of m-chloroperbenzoic acid 
, 

we studied acid protectivè groups stable to aqueous tetra-, . 
hydrofura~ , Tri.phenylsilyl est;ers' are known to be stable 1 . , 

towards ammonia and aqueous conditions, but formati?n ot t e 

triphcnylsilyl ester from (54) using the condition described 
31 

by Corey for the preparation of dimethyl-t -' butylsilyl 

es~ers, were unsuccessful, probably due to ste~ic hindran e. 

, At this tim~ a new mild procedure for the cleavage of 

an acid prot~ction group, fnvolv~ng the iodoethyl ester w s 
25 

brought to our 'attention This ester is easily hYdrOl~Zed 

by zinc dust and aqueous tetrahydrofuran at room tempera~ure 
1 

within $0 minutes. Usin~hippuric acid 2-iodoethyl ester, 

m.p. 18-80~C, as model, prepared via the 2-bromoethyl e~tcr 
with potassium iodide 'in ac~tone, we could show that the 

iodoethyl group is stable to aqueous tetrahydrofuran and 

mercuric chloride, under'similar condition whic; are used to 

cleave the thiazolidine group. It aiso proved to be stable 

"" 10 excess ~mmonia in eth~r for more than 24 hour~. 

. '\ .. 
J 

•• ~ .1. 
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, , 
" 

l 

Attcmpts t·o. e5terify the thL .. lZolidinc neid (54) 

(scheme 5) with i~bromoethanol in ~cfluxing toluene and 
. li 

p-toluenesulfonic acid, or exeess 2-bromoethanol and 

b . f 'd;26 0 h bd' . d oron t!l luorl e at 110 ; or dicyclo exylcar 0 lm~ e 
o 

iQ methylene chlD~1de eontaining pyridine at 25 for.15 • 
32 ~ . . \ 

minutes failed. ",With all1methods a reaction did Decur; " 
, Jo' • • 

"II' 
however, none of th~ expected ester ,(60) eOuld be found. 

Instead, the thiazoliaine alcohol (24a, page 170)~as 

obtained. 

Scheme 5 

1. 

.,. 

X \." , ,X \ ," 

~oo.J+ ~OH .. 
NH-CO-Ph NH-JO-Ph " 14 59 

J' 

t 
~ 

t· 
)( \ , ' , 

~co~t+ ~CHrCHrR 
NH-CO-Ph ( NH-CO-Ph 

IO.R_ , 
. • ,R-Br 

58 
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Consequent1y, we relnvestig~ted tHe hydrolo/sis of 
, , 

the' triehloroethyl ester (38), us'ing aqueous tetranydrofuran 
" "t " , ~" 

and zihe dust at room temperature.: Indeed, (54) m.p. 
o .J • • ! ' 

159-160 C, was obtained within 5 (inin~t.e,s. The t:f.e. was 

identical ~ith'the product.obta~hed using'90% acetie aci~. 
2 0, 

Using the sequence, which was already reported by GhïFg , 

(scheIDe 1) we prepared a sUPPfY of the imine tr~h~eth~l 
~ , 1\ /'" 1 

ester (40', \ page 171 ) by treptment, of the aldchy,de ester with 
'~ , '\ 1 

ammonia 'in ether. Now, with ,larger a~ount~ at hand, the imine-, 
este~ cpuld be purified by crystallization from benzene, m.p. 

o 
157-159 C. 

Thin layer ehromatography of the mother liquors indicated 
i \ ,two by-products. Th~se w~re separated by column chromato-, 

" graphy and_identified by p.m.r.', i,r., mix-m.p. and t.I.c. as 

the acry!ate ester (32, see pagelS!) and hippùric acid . . 
a,s,S-~riehI6roethyl ester (65~. Theil" formation will be 

.f '. ~I 
explaine4 after additiorial experimental 'rersul ts are described 

J 

(see page 19l3. '. 

" 

We wer-e ~erJi.J..n that' the imine-acid (~, .r.fg~ 171) 
1 1. t 

generated from this' reaction, cou Id no.-t be isola.te'd d\fe to the 

deearboxylation men ioned ear!iet.' Henee, we perfdrmed the 
1 ~ 

, 
hydro!ysis and Ugi- eaetion.'wi tliout isol~tion of ihis inter- ~ 

'mediate (40a). / 
• 

1 
" . 

~ ~ 
~ , 

, l ri" ; ~,;;,~, i"':,,~;:;~-J""Zi':J;r:;':Ti;f,?,~: 

f 

1 



, . 

• 

i 

'r· 
V ... 

. ,. 
~, "_.~. ___ ~~ ,.." ~ ___ ~.~~~_~ ...... ~Of;""",, __ 

J 

, 

We used cyclohexylisonitri~and phosphate buffer solùtions 

at ,pH 4.5, 6.0 or ammonium acetate at pH 7.0 under conditions 

described in chapter'" 4, which removed the' a, 6, B-trichlo,roethy1, 

ester group in ~1 models studied. ButjUnder thes~ reaction 

\ 
~ 

t 
! 

l , 

condittons we found no· trace of the oxacephalosporin derivative 1 

(41a) ~ither by mass spectroscopy (mIe 457)~ or by infrared 
, -1 

spectroscopy~(u 1750-1780 cm ). 
.. 

, 
AlI attempted cleavage methods of the S,S,S-trichloroethy1 

ester (40), benzyl esters' 45 and 52 ~o the key intermediate 

imine aé1d failed, because of decarboxylation .6fiscussed earlie,T. 

~we. befieved a possible reason for the instability of the i~ine
'acids could be the presence of the spiro moiety. Consequently, 

our next approa~h was the removàl of ~he isopropylidene group 

,/ 

l' 

, 
. " from (38), with 80\ trifluoroaè~tic acid to the diol (6Y) 

Q~Scheme 6). Acetylation with acetic anhydride in pyridine 
- l ' o , 
afforded f1 crys alline mono acetate, m.p. 121-1'22 C (62a). 

The p.rn.,r. of obtained product was quite different from, 
r 

the expected 0 '~AI though the isopropylidene group was no f 

J 1 t· 

, "l • 
longer present, the spectrum showed on1y one acetyl group at 

6 1. 85 ppm . 
.,; 

not present. 

Furthermjre, the olefinic proton at.ô7.66 pprn was 

Two protons, Ha' doub~ct a~ 5.55 pprn 

dd ât~5.l6 ppm (Ja b S 2.5 Hz and , , 
(Ja~b • 2.5 Hz) and Hb, 

t' 
J b ,NH .' 8 Hz) appeared, indicatin,g that one of the hydroxyl 

." "f'j .. 
.. 

, p 

. .. .. . 
• G 

, 
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group,reacted with the carbon ~ou~1e bond to form a 
1 

six-memb;red ring compound (62) (S'Chem~' 6, p~ge 192 ). The 
". . \ 

al terna t ive' fi ve--mernhered Ting s tr~cture ,could. be 'excluded 

because it would demand a primary ~é~tate,' with oCH2 -OAC 

at 10wer field thah 5 ppm. The p:m\.r,. spectrùm is shawn on 
\ 

page 193 (figure 3). 

Thi: discouraging but rather inttr~Sting resuIt helped 

to explain the low yields- of imine elter, (40), .ohtaincd· 

from a mixture of hydrated and froe1 jaldehYde (39)' wi th 

anhydrous ammoni,' in 'ether. · 39 ~tfained approximately 

50-60\ of free a~dehyde as determrïed by p.m.r . 

. The formation of acrylate :stelr/(32l and Ilippuric aeid 

B, B, B- tric'hlo;oethyl ester (65) lhiCh were oKained after 
·1 

hydrolysis of the aldehyàe prote ting group with THF/HZO 

and mercuric ch10ride (see page l~O)coUld now be explained', 
, , 

1 ; 

and proba,b1y resu1 ted from the reaction of the hydrateC;t 

aldehyde (63) via (64) (Scheme 7 .page 196). 

Consideration of the above results caused us to re-
1 

, ' 

\ 
\ 

, , 

i J 

investigate the Ugi-reaction with imine acid (40a, see page I1J) 

and cyclohexyl iSonitrile. Th~se types of reactions are 
t 

carried out in the- 'two-pnase -mixture of water aiicf' petroleum 
, 

ether. The reaction with the isonitrile presumably takes 

-1 
,_.1 
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Scheme 6 
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~ 

place in .th~ aqueo~ phase. If the reaction is carricd out 
l 6 3 3 

in ~ single organic phase, the formation of resin predominates 

An earlier attempt ta reduce polymerization by ~ariation of 
,; 

petrol~um ét~er/water or tetrahydrofuran/water ratios failed. 
, ) . stnce"we were unable to isolate the imine dcid (40a, page 171 

we decided to hydrolyse the 8,B,B-trichloroethyl ester of 

.imine (40), with Zn/H20/THF in the presence of cyclohexyl 

isonitril~. Carcful workup of the reaetion mixture failed 

t.o reveal the presence of an OX'llcephalosporin deri ','ativc, 
l , 

but showed a strong peak at 1730 em similar ta that of 57 

"' (page 184) . 

It seems th~t addition of water to the imine is very rapid . o 

a~d that no imino~~esent in significant concentration 

~ 
suppo~t for thi; explanation came from the fact that a ~all 

amount of hippuric aeid a,S,S~t~ichloroethyl ester (6$) ~as 

isolated from the reaetion mixture of imine ester (40) with 

THF/II ZO wi thout ~ine dust (Scheme 8 , page 197). 

e 
~n surnrnary, the failure of these approaches ean be attributed 

" 
to three factors, ail of which beca~e eyident as the resul~s oL 

the above studies: 

'. 

\ 
" 

1 
i 
~ 

i 
i 

.1 

i 
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\ . .... 

,~) Reaction of the i~lne ester (40) with water; 

:2) Isomerisation of the imine acid è40éf} , followed·' 
., 

by decarboxylation and 
1 

·3) . Polymerisat ~on of the i1p-ine ac id· (40 a) wi'th' isoni tri le 
. , . 3 3 

d~ing" t1J..e Ugi-~eaction " 

~ .Cons<;quent ly, tbis sc~eme- 'had to 1re aband'oned, in ,i ts 
- . . 

pr,es en t f orm . 

! 
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c Scheme 8 
» 
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Chapter 4 

~ 

A new mild cleavage of ~,B,a-trichloro~thyl esters and. 

a,a,a-trichloroethoxycarbonyl groups. 
) 

Duri~~ th\ cours'e of work described in the foregoing 

chapters"it b~ame neassary to protect carboxylic acids 

with a protecting group that coul~ be easily introduced 

and that cou14 be removed under extremely mild, preferably 

neutral conditions. 
r 

25 .n . 
Iodoethyl esters ' fulflll the latter condition, 

.. 
in that thesé esteTS can be cleaved with zinc in organic 

solvents; they are dif~icult to prepare, however, and 

pa17,ticularly unsui tab'le in cases, where the bromine- iodine 

exchan~ interferes wi~ other sensitive functions of the 

molecule. Furthermor~, ~odoethanol is physiologically 

active, and great care has to be exercised when handling 

it and its derivatives., 

~JB,B-Trichloroethyl esters on the other hand are easi1y 

prepared b,y esterification. Their cleavage with zinc dust, 
1 

however, was believed to proce~d onl} under acidic 
3,31t,35 

conditions or at elevated te~peratures 

.. , 

1 
.. i 

) 
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We deve10ped a method, ~Y which B,(,S-trich1otoethYl 

esters can be êleaved at room temperatures with zinc dust 

in aqueous tet~ahydrofuran within 10 minutés. 

, , 

ln addition to the complicated imine ester of chapter 3, 

we studied several examples of carboxylic acids or uretnanes. 

, The results are listed in table 1. 

, . 

\ 
\ 

1 

! 
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Tabl. 1 l ...., ( .. Acld."'phellOl • llecovery ~ 1 

1 •• J,I-trlchloro.t~l .ster - l 
or oine i (tiae required for cleavaae) 

1 
yt.ld a.b./b.p. Ut. . : 1 Noûod t pH 4.2 pH S.S pH 7.2 l , .. i 

l 

t 
(54) Scia ... S, n oU . ... chapt,r l 

1 

7~ (la ain.) ·70 (10 ain.) 1Z(10 ain.) 
, 

Chapter S 

1 ... • f 

Hippude aciel ta 12
Q

S-U6 1 76 (10 ain.) 8S (10 min.) 66 (10 min) f . 
~. 

! 
a. AIlsie .cid 74 11'S 1 20Ja A '14 (la ain.) 10 (lS min.) ~6 (la ain.) i 

Cinnaaic .ciel li lu-uS-/UIl A 13 (10 ain.) 17 (30.in). 

1-Aalno-a4aaantan 97 112-124· 123-124- Ut. (II) 16 (30 ain.) . 96 96 (18 brs.) 

latrone 17 1.'5'-141· 140-141e Ut. (u) 97 ( 6 hr. ) 12 (24 hr.) 16 (24 br.) , 
" 
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~ Sevéra1 methods for the preparation of 6,6,6-tricrloro= 

ethyl esters have been reported. 
Il 

We used either boroh-
~ !J • 

trifluoride-etherate alcohol (Method A), or refluxing 

the alcoho1 in toluene in 'the presence of p-toluenesulfonic 

acid
39 

(Method B). The urethane and carbonate esters were 

prepared with excess 6,6,6-trich1oroethoxycarbony1 ch10ride 
.. 0 

in pyridine and stirring for 2 hours st room temperatUTes 
!J .. 

or under Schotten Baumann conditions 

-
A successful cleavage was accomp1ished at room temperature, 

by dissolving the esters in THF, addition of a sever~l fol~ 

molar excess of zinc-dust, fol1owed by a l molar XH 2P04 (pH 4.2), 

KH2P04/NaHP04 (pH 5.5) or ammonium acetate <> (pH 7.2) solution. 
o 

The ratio of THF vs. aqueous buffer solution was critical 

and it is necessary for complete reaction to maintain a . ~ 

f 

homogeneous mixture. 

The ,unmasked products were characterized by i.r., t.l.c., 

m.p. and m.m.p .. 

This work could be extended to the selctive c1eavagc of 

trichloroethyl ester in the presence of trich1oro urethanes 
• 1 

and trich1oro carbona~ esters, since esters cleave within 

10 minutes, where'as urethanes and carbonate esters require 

considerable more time ($ee table 1). 

) 
The results of Chapter 4, are reported in a forthcoming 

1 .. 2 
pub1ica~ion • 



'1 

J 

, . 

-202 -,. 

\\, 
~, <..-

" !' '-..--' 

EXPERtME.NTAJ,. 
r .... 

" \. 1 

Me~ting ~.nts were determined on :~ elec~rothermal 
block and are co rected. 

. ("! 
Mass spectra were obtaineij on an AEI-MS-~02 mass 

,spectrometer at 70 e.V. using a direc~ insert!on probe. 
" 

P .m. r. spectra were, record~on ~',Va~ian T-60 spectrometer, 

asing tetramethylsild'ne as an inte'rnal standard •. Doublets, 
• 
triplets, and quartefs in the p.lm. r. spec~al data were 

recorded as the center of the peaks and multiplets as thefr 

range of apsorption. l.r. spectra were obtained on a Perkin-· 

Elmer 2678 infraretspec~roPho~ometer". 

" 

Analytical thin l~ ~hromatography was performed on 

silica gel coated plates-and on a preparative scale on silica 

gel (Merck UV 2 lit, Il,') coated glass plâtes. 

/ 

Microanalyses were carried out by Micro-Tech; Labor
;' 

atories Ine. and C. DaessIe, Montreal. 

, . 

-, 

;' 
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, 
Mannitol.diacet~ide (21) 

. . 

• '1 
' .. 

• 0 

.... 
" 

D-Mannitol (182 g) ~as suspended in a m~xture of 

acetone (1500 ml) and dimethoxypropane (180 g). 

p-Toluenesulfonic'acid (1 g) was added and the suspension 

was stirred at room' tempe'ra ture for one hour. Unreacted 

mannitol '99' - 100 g) ~as fi1~e~ed ~ff and~the ~iltrate 

shaken with anhydrous potassium carbonate (50 1) until 
, .. - ' ( 

i t wa~ cdlorless. "#" Potassium carbonate was fil tered off 

a~d the filtrate evaporated to dryness in vacuo. The 

semi-solid residue was transIerrea to an Erien~~ 

containing petroleum ether· (60 - 'SOOC) (3500 ml) and 

heated to boiling with good stirring until'almo~t ~11 the 

solid had been dissolved. Tqe unaissolved material, was 

immediately filtered and the filtrate heated to boiling. 
e 

·fI 
L ...... ~ Q .. 1 

" 
\ • 

The solution was cooled and the prbduct collected by filtra-
, . 

tion, washed with co1d petro1eum ether .nd allowed to d~y. 
.. . 

" 1',20 
Yield: . 30 g, m.p.: 119-l21°C. (lit. m,p.,ll9-121°C). 

P.rn.r. (CDC1 3): 6 1.37,1.42, (each s, 6H, aceton~de)J 

2.70 (broad s, 2H, OH), 3.6-4.2,5, ppm; 

I. r. (KBr): 

(m, 8H). 

3400. 3280, 3000, 2946, 2900, 1427, 1396, 

1385, 1374, 11~9, '1135, 1078, 1050 cm- 1 . 

.. 

.. 
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2,2-DimethYl-lt3,~9-t~traoxaspir~i4.5]lo.-qeèanol (23) 
,If -~I'Î;-" 

M'/ , 1 d" 'd (21) (2,~'r. ) d' 1 ..:l' ~nnlto lacetonl e ~ g wa5 lS50 ve~ ln a 
/ 

pH6 bUffe, solution"(400 ml) and sodium periodate (20.4 g) 

was added. \After the mixture was stirred for 3~ minutes, 

40\ formald~yde (74 ml) and a so1ution of'potassium carb

onate (23.1 g) in ~ter (70 ml) were added. ' The mixture 

was stirred overnigh't at room tomperature ,and extricted , 
three times with methylene chloride. The combined extracts 

~ 

were dried over anhydrous sodium sulfate, filtered and 

, evaporated in vacuo. The crystalline product wa5 pure enou~h 

for further use.' 

20 • 
Yield: (l i t . m • p. 89- 90 0 C) • 

P.m.r. (Acetone-d6): 'cS 1.49 (s, 6H, acetonide), 3.9 (AB'q, 

J-IO Hz, 2H, OCH2 ) , 4.2 (ABq, J-IO Hz, 2H, QCH 2), 

4.02-5.97 (broad, 1H, 
~ 

"JOH), 5.0 (ABq, J-7 Hz, 2H, O-CHZ -0), ~ 12, ppm IJ 
(s, 1H, O-~-~ • 

1. r. (ICBr): 3405. 31~-2910.14 70. 1396. 1384. 1220. 1162. 

1090, 1080 cm-l. 

. \ . \ 
.. ' 1 

~> • 

, 
~ -_ ... _------_._----

.. 
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1,2-0-Isopropy1idene12(3'-methy1thiazolidine-2'yl)propane-
, 

20 
triol (24a) 

The dioxan (23) (123.5 g) and N-mety1aminoethanethio1 (29} 

(150 g) were disso1ved in dry benzene (7 ~ 5 l) and the mix-

ture heated unti1 benzene distil1ed slow1y. After 5 l of 

'benzene had been col1ected, the remaining benzene was eva-

porated in vacuo. The residue was twice disti11èd und~r 

t.. high 'vacuum and the fraction, boi~iJlg at 10~-111 °C/0.02 nunHg 

was co11ected. 

..-. 
Yie1d: .116.0 g (17 1) ~ 

, 

P.m.r. (CDC13~: cS 1.47- (s, 6H, acetonide), 2.50, 2.58 (each s, 
• 

3H, N=CH3 ), 2.87-3.23 (m, 4H,' N-CH2 -èHZ-S), 
. ./ 

3.8 (q, J-SHz, 2H, OCH2-C), 3.9~ tq, 2H, OCH2), 
-

4.1 (s, 1H, ÔH), 4.48, 5.57 ppm (each, s, 1H, 

N-CH-S) 

1. r. (neat): 
/ " 

3460 (l)road, OH), 3000-2800, 1470, 1390, 1319, t 
/ 

1 °_1 
1300,!1~16J 1071, 1000 cm 

, t 

Mass spectr~ '(70 e. J.) : m/e· 233 (M+) 

1 
~na1.Ca1c. fo~ C l NO 5 

1cf19 3 
c, 1 

51.49 ; H, 8.21; N, 6.01 ; S, 13.72: 

1 ~ound ,51. 53; H, 8.17, N, 6.13; S, 13.63. 
{ 

" 
, 

, 
j 

l 
! 
f 

i 
t 
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1,2-0-IsopropYliq~pe-3-0-methanesulfonyl-2(3':methylthiazoli-
" 

\ dine-2 'yl)propanetri~~ (25a). 

A solution of the thiazolidine~a1coho1 (24a) (116 g) 

and triethylamine (76 g) in methYle~e ch10ride (2 'Z) was 

cooled to -'78°Ç in a dry ice/acetone bat.h and freshly 

distil1ed mésyl chloride (63 g • 1.1 equivalent) in methy1ene 

ch10ride (sqo ml) was added dropwisè over a period of 

4·hours. The mixture was poured into water (3 Z) and 'the 

organic layer washed twice with cold wa ter. The methylene 

chloride solution was dried over anhydrous sodium sulfate, 

fil tered and evaporated in vacuo. The 'oi1y ,residue was 

dissolved in ethyl ether (200 ml) and kept.overnight in 

the refrigerator. The white crystalline product was co1lee-. 
ted by filtration, washed with eold ethyl ether and dried 

/ in vacuo. 

Yield: - 146 g:r (94t), m.p.: 65-66°C.'- '. 

P.m.r. (CDC1 3): 6 1.44 (s~ 6H, acetonide), 2.37, 2.42 

1 • r. (KBr): 

(eaeh s, N-CH3), 2.8-3.18 (m, 4H, N-CH2-CHZ-S), 

3.06 (s, 3H, S02-'CH3), 3.95 (q, 2H, CH2-O), 

4.20, 4.25 (each s, lH, S-CH-N), 4.30 ppm 

(s, 2H, CH2 -OS02) 

3030-2810, 1455, 1391, 1380, 1361, 1339, 1300 

1252, 1220, 1200, 1180 cm- l • 

Anal.Calc. ,for C H NO S C, 42.45; H, 6.75; N, 4.50; ,S, 20.58. 
Il 21 5 2 

-, , , . . 

Pound: C, 42',25; H. 6.59,' N,~ 4.'2,· S 20 32' , v,. . 

" 
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2,3-0-Isopropylidene-2-hydroxyme~hyl glycera1dehyde 
A mesy1ate • 

The thiazolidine J mesy1ate (25a) (311 mg) was dissolved . 
in~80% aqueous acetonitri1e or tetrahydrofuran (10 mlJ-and 

.... ,.",J 

m~rcuric chloride (915 mg • 1.2 equiv.) was added. The white , { _.-"' 

mi1ky suspension,was ref1uxed for 30 min. and then fi1t~~ 

The filtrate was evaporated in vacuo and the residue extrac~ed 

with methy1ene chloride. The methylene chloride solut~on was 

washed with dilute hydrochloric~acid and water, dried over 

, anhydrous sodium sulfate, fittered and evaporated ~o dryness 

in vacuo, giving a co1or1ess oi1. 

\ Yield: 620 mg (87'-) 

P.m.r. (CDC1
3

):cS 1.55 ~s, 6H, acetonilie), 3.10 (s,3H, 

SOZ-CH3), 4.12 (d, J • 3 Hz, 2H, CH2 -O-C), 

4.42, s, 2H, S02-0-CH2)' .9.60 ppm (s, 1H, 

H-C-O). 
. . 
~" 

1 ~ r. (neat) 3475, 2997, 2945, 2900, 1725 (aldehyde). 

( .-

Anal. Calc.. for s, 13.46. 

Found:' Ct 40.10,' H 6 Il' , . , S, 13.35. 

*Mode1 reaction 

-- ----------, ... '~ .. 
.~ , J.I '~~,1 .. :'l'~-'.:J '~:"~_~ 

1 

~ 
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N-Methylaziridine (28) 6' 

1 .. 

thylethanolamine (27) (150 g) and~ 
/ . .,." 

co centrated su~furic a id (210 g) was heated slowly to 
/ 

13 and 

been removed, the 

istille~ off. When aIl the 

pera~ure was raised to 

the mixture cooled i The black solid 

(700 ml) nd a sodium hydroxide 
\, 

solu~ion (4 g in 500 ml 

was SloWly~diS ·ll~d with 
li.> • 

r) ~as added. The mixture 
f 

vigorous tirring and·400 ml of 
,#, 

distillate ,consis 

in an ice bath. 

of az~rid~ana;ra r was collected 

P ta'ssium h:;*oxide-'1100 g) s added i~ 

portions to the wi th coot'ing, and eparated 
f 

distilled. The organic layer collecte nd 
1 

" 27" If" ,J, 
at 27-31°C (lit. 26-3foC 

boiling 

.9Ollected. 
G 

Yieid: 45.6 g (40') \ 
" 

P.m.r. (CDC1 3) : 4H, 2.27 

(s, 3H, ~-CH3) 

l.r. (CHC13) 2500, 1670 1470, 1309, 

\ 

, 

J 
)' 

1 
~ 
l , 

l , 

cm- 1 . 
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\ 

N-Methylaminoethanethiol (29) 

Dry Methanol (750 ml) was eoo1ed 4n a dry iee/acetone 

bath and saturated with hydrogen sulfide. A solution of 
j 

N-methylaziridine (28) 1 (160 g) in 'dry methanol' (800 ml) 
, 

was added, dropwise to this mixture with sl~w bubbling of 

hydrogen sulfide for 2 hours. The mixture was then brought 

to room temperature and stirred overnight under dry ni tr,ogen. 

The Methanol was evaporated in vacuo and the resulting white 

A,solid was collected by filtration, washed with cold pentane. 
, -

The product was very hygroscopie, and was k~pt in the refrig-
~ 

erator under nitrogen. 

Yield: 

P.m.r. 

I.r. 

) 
61.82 (s, IH, SH), 2.23 (s, IH, NH), 2.59 

(s, 3H, CH3)" 2.4~-2.78 ppm (m, 4H, N-CH • 
. 2 

-CHZ-S) 

3340 (NH), 3060-2800, 2520 (SH), 1680, 1485, 

1120 em-l. 

\ 

.'. 

\ 
;: 
t 

;; ! 

\ 
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4 -EthoxymethYlene.'2 -phenyl- 5- ox8.z'olone (31) 

, 

Hippuric acid (360 g) and triethyl orthoformate (390 g) 

~~ were heated for one hour u.der reflux with acetic anhydride 
.. 

(400 g), (bath tempo -.140-lS00C); . Low boiling material was 
t • , ~ . 

then removed at reduced pressure .. The dark red res~due so1i-
~ 

dified on cooling. Treatment of ~he' solid with charcoal 

and recrystallization fro\a petroi~UlD ether" (60 - 80°),: gave pink 

1 
, . 

needles~ 

Yield: 
1 

l!JS g. (45') 

P.m.r. 
t 1 

6 1.47 Ct, J - 7 'Hz, 3H, CH3.),' 4.46 (q, J .. 7 'H?i, " 
,l ' 

2H, CH2),--r40 (~', lH, C-CH)"1.45-8 .• 20 ppm 

f' y 
.. : (II, 5H, phenyl). 

! • 

\ , 

1. r. '(KBr) 

\ 
\ 

, , . 

" 

.. 
( ) 

"1 

" . o • 

, ' 
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'''1 _ . . 4-Hydroxymethylene-2-phenyl-S-oxazolone (3la) 

4-Ethoxymethyleae-2-phenyl-S-oxazolone (31) (195 g, 
"-

0.9 mole) was suspended in 18 l of a 0.1 N sodium hydroxide 

solution and stirred vigorously until everything dissolved. 
, 

The reddish solution was filtered, and the filtrate acidi-

fied with cold dilute hydrochloric acid. 1 The precipitate 

was immediately collected by filtration, _nd dried at r.t. 
J ~ 

in vacuo. 

Yield: 125 g (67'), m.p.: 142-144° (lit.
IO 

152°C). 

P.m.r. (DMSO-d6):67.50-8.10 (m, 6H, phenyl, C-CH), 

10.10 ppm (s, lH, OH). 

. , 
l.r. (KBr): 3500 (broad), 1795 (oxazolone), l613~ 1585, ~ 

1500, 1380, 1300, 1118 cm-l. 

-.' 

. ,~ 

.J 

", 
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, . 
B,B t B-Trichloroethy1 2~benzamido-3-hydroxy-acry1ate (32). 

4-Hydroxymethy1ene-2-pheny1-S-oxazolone (31a) "669.3 g, 
\ 

0.365 mole) was suspended in dry benzene (3.5 1) and B,B.S-· , 

: 

trich1oroethanol (109 g, 0.73 ~ole) wa~ added.
o 

The suspension 

was stirred under reflux for 6 hours and the clear solution 

evaporated. The oi1y residue was triturated with petroleum 

ether (30-600 C) and kept overnight in the refrigerator. The 

red solid ~as col1ected by filtration and recrystallized from 

petroleum ether (60-S00 è). T;~atment with cha~coal gave pink 

need1es. 

Yield: 9S g" (76.6') f m.p. S7-8SoC. 
'-..." 

P.m.r. (CDC1 3): 6 4.98 (s, 2H, CH2-CC13), 7.57-8.15 (m, 6H, 

pheny1 and C-CH), 8.6 (broad, 1H, NH), 12.7 ppm (broad, 

IH, OH). 

I.r. (KBr): 3380, 1725 (ester), 1665 (amide and C-C), 1615, , 
1554, 1505, 1463, 1390,,1357, 1325, 1312, 1280, 1268, 

1240, 1162,1115 cm- 1.
r 

Cl, 31. 61. 

Cl, 31.29. 

F ound: C. 42. 83 ; H, 2. 74; N, '4. 2 7 ; 

) 

1 
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B,B,B-Trich1oroethyl 2-benzamido-3-hydroxy-acrylate 

l 
sodium sal~ (32a). 

,., '\. ri 
,B, B, a-Tri,chloroethyl 2-benzamido-3-hydroxyacry1ate (32) 

(91 g, 0.27 mole) was added to an ethanolic solution of 

,sodfum ethoxide (4.6 g of sodium in 200 ml of ethanol). The 

mixture was s~aken for 10 minutes and ethyl ethe~ (1 Liter) 

added. The precipitated sodium salt ~as collected by filtra

tion, washed several times with ethy1 ether and dried in vacuo. 
\ 

Yield: 70 g (72\), m.p. 200-202°C (decomp.) 

P.m.r. (DMSO-d6): cS 4.74 (s, 2H, CH2-CC13), 1.3-.8.1 (m, 5H, 

phenY1), 8.42 (s, îH, NH),' 9.12 ppm (s, 1H, C-CH). 

I.r. (ICBr): 3300(broad, salt), 3010, 2960, 1615, 1640, , 

1500, (~73, 
. 

1592, 154C?, 1287, 1160 cm-l. 
~ 

Anal. Cale. for C12"9N04C13Na:: \ .., 
'\tV 

1 
Ct 39.81; H, 2.52; N, 3.89; Cl, 29.50. 

Found . C, 39.90; H, 2.63; Nt 4.13; Cl, 29.74. " 

r 

.. 
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B, B, B -Trichloroethyl 2-benzamido-3- CC (2 t ,2' -dimethyl-4' ,

(3"-methy1thiazolidine-2"-y1) -1' ,3' -dioxo1an-4' -Yl)methyl) 

oxy)acry1ate (~). 

The sodium salt (32a) (70 g, 0.195 mole) w~s suspended 

in a solution of the thiazo1idine mesy1at~'(25a) (40 g, 

0.130 mole) in dry 2-butanone (lZ) and the mix,ture stirred 

at 80-85°C (bath temperature) for 12 hours. The salt was 

filtered off and the filtrate evaporated. The red residue 

was dissolved in ethyl ether (50 ml), treated with charcoal, 

filtered and evaporatea. The ye1low oil was further'puri

fied by passing through a silica gel column using benzenej 

ethyl acetate (9: 1) as eluent. Evaporation of the solvent l') 

gave co1orless crystals. On recrystallization from éther, 

a pure sample was obtained. 

Yield: 48.8 g, (68.5\), m.p.: 126-128°C. 

P.m.r. (CDCI 3): 6 1.35, 1.46 (each s, 6H, acetonide), 

2.37 )5, ~H, N-CH3), 2.8-3.2 (m, 4H, N-CHZ-CHZ-S), 

3.93 (q, J - 10 Hz, 2H, OCH2), 4.24 (~, 2H, OCH2), 

4.46 (s, 1H, N-CH-S), 4.84 (s: ZH, CHZ·CCI3)' 

7.33-8.0 ppm (m, 7H, pheny1, NH and C-CH). 

1. r. (C~14):' 2990-2800, 1730 (ester)., 1698 (amide)., 

1660 (C-C), 1503, 1480, '1381, 1369, 1210 cm-l. 

Mass spectrum (70 e.V.): mIe - 554 (M+) • 

Anal. Calc. for C22H27NZ06SCI3; 

C, 47·n .. ; H, 4.91; N, 5.06; S, 5.79; 

FOUDd: C, 47.99; H, 5.10; N, 5~Z6; S, 5.50; 

~ --- ......... ___ •• 7_ ~, 

Cl, 

Cl, 

1,.20. 

19.41. 

. -, -~-~-----Q 
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B, f3, f3-Triehl'oroethyl 2 -benzamido- 3- « (4 1 
- f,ormX! -2' ,2 1 

-

dimethy1-1' 13 1 .dioxolan-4 1 -Y1)methy1)oxy)acr;late (39~. 

Mercurie chloride (9.7 g, 3S rnmole) , was added to a 

-së1ution of the thiazo1idine ester (38) (19.8 g, 35 mmo1e), 

in tetrahydrofuran (200 ml) and water (20 ml); the resu1ting 

suspension was stirred for 5 minutes (t.1.e. benzene/ethyl 

aeetate showed absence of thiazolidine ester). The reaction 

mixture was filtered and the fi1trate evaporated. The residue 

was ehromatographed on silieie aeid, first e1uted with 

benzene/ether (9:1), ta remave aIl the mereurie salts, then 
\ 

with benzene/ether (1:1). The main fraction eontaining the 
,~ 

a1dehyde ester was concentrated to give a xe11ow,ish foamy 
< 1 q 

solid. Yie1d: 13.5 g, (77\). 

P.m.r. (CDC1 3): 5 1.39, 1~45 (6H, each s, aeetonide), 4.10, 

4.25 (4H" each s, two CHZO), 4.80 (2H, s, CHZCC1 3), 

7.2 -7 • 9 (m t 7H, phenyl, NH, C-CH), 9.63 ppm ,(s, lH,CHO) . 

. I.r •. (KBr): ~340 (broad. NH, hydrated form), 1730 (ester, 

a1dehyde), 1650 (am~de), 1600 (pheny1), 1380, 1370 cm- 1 
G 

(gem-dimethyl). 

Mass speetrum (70 e.V.): mIe 4~1 [M+, (C1 37 )J, 479 [M+ C1 35 ], 

466 [M+(C137)-CH31, 464 [M+(C1 35)-CH3]. 

Anal.Cale.for C19HZON07C13: C, 47.47; H, 4.19; N, 2.90; Cl, 22.12. 

PounCl: C, 47.20; H, 4.26; N, 3.15; Cl, 21.98. 

.., ,. 
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a-Benzamido-2,2-dimethy1-1,3,7-trioxa-9-aza(spiro) [4.5 ] dec-. 
9-ene-8-acetic acid a,a,a-trich1oroethYl ester (40). 

A solution of the a1dehyde ester (39) (15.2 g~ 33 mmole) 

in ether (250 ml) was treated at room temperature with 

anhydrous ammonia for one minute (pH ~8). After standing 

for 30 minutes, the ether was evaporated and the residue 

on silicic acid using ether/benzene (1:1) 

as e he product first eluted was identified as the 

imin ester (40). Yield: 10.o/g, (66.2\), rn.p.: 157-159°'C. 

~/ ~ 
P.m.r. CDC1 3): cS 1.42 (s, 6H, acetonide), 3.80 (q, .2H, CHiO), 

4.06 (t, 21t, CH20), 4.82 (q, 2H, CH 2.CC13), 5.43-5.62 
, 

(m, 2H, CO-CH-NH, N-CH-O), 6.77 (d, J' • 9 Hz, lH, NH), 

7.3-7.9 ppm (m, 6H, phenyl;.CH-N). 
, . 

\ 

I.r., (KBr): 3280 (NH), 3060, 2960, 2870 (CH), 1760 (ester), 

1650 {amide), 1600 (aromatic C-H), 1378 cm- 1 (gem

dimethy1). 

Mass spectrum (70 e. V.): 'mie 478 [M+ (C13 ~ ], 480 [M'" (C137)] , 
\ 

464, 463.(M+-CH3), 422, 420 (M+-acetone). , 

Anal.Calc. for C19H21N206C13 : 

, 
C, 47.57;· H, 4.41; N, 5.84; Cl, 22.17. 

.. 

Found: C, 47.46; H, 4.61; N, 6.02; Cl, 22.24. 

• 

\ 
1 

. J 
j 
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preparations of the oxacepham ~erivative (Ala). 

Imine ester (40) (958 mg, 2.0 mmole) was dissolved.jn 
• 3 3 

tetrahydrofuran (10 ml) and cyclohexyl isonitrile (6S5 mg, 

* 6 mmole) added witfi stirring. After 10 minutes zinc dust 

** (2 g) and a 1 molar phosphate buffer solution (2 ml) was 

*** àdded thè mixture stirred at room temper~ture for 24 h. 

Water was added and the prqduct extracted with ether. 

The ether layer was dried over sodium sulfate and concen

trated to a light yel1o~ oi1, which was s~bjected to careful 
.f/# • 

chromatography on silièic acid using ether/benzene (1:1) 

as eluent. Every fraction was analysed for the presence 
• 

of the oxacepham derivative by infrared Ca-lactam) and 

m~ss spectrometry (mIe 457). 

\ 

in soma experiments, the isonitrile vas added 5, '10 and 

30 minutes afte"t r.emoval of the zinc. 

I~ 

'KH PO 1 pH 4.2; KM P,O INa HPO , pH 5.5, Ammonium 
2 4 2 4" 2 4 

acetate, pH 7.2 • 

in otber experiments, BDTA (2.$ mmole) was added after 

.the zinc was filtered off. 

\ 

/ 

- - -/ -: ~ ... 
~ , _, , .' 1 
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1 

p-Metho~ybenzyl 2-b~~zamido-3-hydrdxy·acrylate 1!!l 

4-Hydroxymethyl'ene-Z:phenyl-S-oxazo1one (31a) (18.9 g, 

0.1 mole) was suspended in, benzene (400 ml) and "p-met'hoxybenzy1 
1 

a1eoho1 (15.2 g, 0.11 mole) was added. The mix~ure was refluxed 

for 16 hours, evaporat~d and the residue' reerystallized from 

benzene/petroleum éther. 

Yie1d: 24.2 g (74') m.p. 101-I02 0 C. 

P .m. r. (CDC13): .s 3.82 (s, 3H, OCH3) , 5.20, (s, .." 2H, O-CH
t
), 

7.15 ,(q, 4H, p-subst.phenyl), 7.4-8.0 

I.r." (KBr) 

Mass speetrum 

Anal.Ca1e. for 

(m, 6H, phenyl; CH-Cl, 8.50, (s, 1H, NHCO), 

12.32 ppm (d, J • 12 Hz., 1H, OH). 

3335 (OH), 1688, 1650, 1600, 1540, 1510', 

1388 cm-1 . @" 

(70 e.V.): mIe 327 
+ 

(M t)' 310 (M+ -OH) . 

~ 
ClSH17NOS (327.3): C, 66.05; H, 5.24; N, 

Fou~d . C, 66.10; H, S.33; N. . 

• ~',';~.) c ~ :: •• , l,!' 

4.28. 

4.25. 
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p-Methgxybenzyl 2-benzamido-3-hydroxyacrylate sodium salt (42a) 

p-Methoxybenzyl 2-benzamido-3-hydroxyacrylate (42), 

(23 g, 0.07 mole),/was' suspended in ethano1 (200 ml) and 

an ethanolic solution of sodium ethoxidè (1.55 g, 0.075 mole 

of sodium) was added wi th vigorous s'tirring. • The suspension 
(l 

dissolve4 immediately and the 
1 

Ethyl ether (200 ml)' was addèd 

sodium ~alt precipitated. 

and the white salt colleeted 

by fi1'tration, wa5hed w~th ether and dried in vaeuo. 

Yield: ZZ g (90\), m.~ ZZS-Z26·C. 

I. r. (KBr): 3400, 3200, 1635, 1600, 1555, 1515, 14S5, 1460, 

1400, 1358, l3io cm-l. 
( -

+ IMa5S speetrum (to e.V.): ml.e 349 (M), 300, 243, and 228 
+ • 

(M -CH2-p-OMeC6H4). 

~ 

Anal.Calc. for C SH NO Na ,(3"49.33): C, 61.S&-; H, 4.61; N, 4.00. 
l 16 5 , . ! ' 

Found C, 61.46; H, 4.54; N, 4.11. 

", . _ ,\:'. 
' .. " 

, 
J 
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, 
p-Methoxyben~y1 Z-benzami~o-3-«(2',2t-dimethyl-4t-

" ' (3" -methy1 thiazo1idine - 2" -yI) ~ 1 t 13' -dioxolan 4-y1) 
, 

methyl)oxy)acrylate (43). 

" The sodium salt (42a) (22g, 0.063 mole) was suspended 
f 

in a solution of the thiazolidine mesylate (25a) (12, g, C' 
0.0386 mole) in 2-butanone (300 ml) and the mixture refluxed 

for 16 hours. ThevSalt was filtered off and the filtrate 

evaporated in vacuo. ·The residue was chromatogra~hed on a 

silica gel column, eluted with chloroform/methano1 (98:2). 

Evaporation of the solvent gave a colorless oil . 
. . 

Yield: 20 g (95\). 
) r~ 

P.m.r. (CDe1 3): ô 1.35, 1.42 (each s, 6H acetonide), Z.28, 

2.38 (each St 3H, N-CH3), 2.8-3.1 (m,.4H, N-CHZ-CH2-SJ, 

3.80 (s, 3H, 8tH3), 3.8-4.2 (m, 4H, 2CHZ-0), 4.39, 4.49 

(each s, lH, N-CH-S), 5.11 (2H, CH2)J 7.20 (q, 4H, p_ 

methoxyphenyl), 1.29-~2, ppm (m, 7H, pheny!, NB, C-CH). 

I.r. (CHC1 3): 3420 (NH), 2980 (CH), 1670 (ester, 1368,J 

Found: 

1318 cm- 1 (gem-dimethyl). ,a. .. 

C, 60~96; H,6.39; N,5.07; S, 5.81 

Ct 60.59; H, 6.14; N, 4.95; . S, 6.05. 
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p-Methoxybenzy1 2-benzamido-3-«4'formyl-2', 2'-dimethyl-

1',3'-dioxo1an-4'-y1)methoxy)acrylate (44) . 

.. 
The thiazo1idine ester (43), (20 g, 0.037 mole) was 

disso1ved in aceton~tTi1e (240 ml) and water (60 ml). 

Mercuric chloride (12 g, 0.0445 mole) was added to this 

solution. The immediately formed milky suspension was 

refluxed for 30 min. The fine precipitate was filtered 

and the filtrate evaporated. The residue was extracted 

twice with methylene chloride, the extracts we~e,washed with 

dilute hydroehloric acid and ~ater and dried. After 

evaporation of the solvent, the residue was passed through 

a sillea gel column using ether as eluent. 

Yield:" 14.5 g (84') oi1y res idue. 

P.m.r. (CDel 3): 61.38,1.40 (each 5, 6H, acet,onide), 3.80 

(5, 3H, OCHS)' 3.95-4.30 (m, 2H), 4.10,4.21 (each s, 
~ 

2H), 5.15 (s, 2H,CH
2
-O), 7.10 (q, 4H, p-OCH

3
-phenyl), 

7.3-7.9 (m, 7H, pheny1, C-CH, NH), 9.70 ppm (s, 1H, CHO). 

l.r. (CHC1 3): 3410 (NH), 2980 (CH2), 1700 (~ster), 1610 (CO), 

1608' (phenyl), '1370 cm -1 (gem. dimethyl) • 

Mass speetrum (70-e.V.): m/e. 469 (M+). 

C,61.59; H, 6.00; N, 2.87. 

;, Pound C, 60.99; H, 5.99; N, 2.91. 

, r' ,', ':~-;-:~7.-:-~,~~~:' '" , "(~~-----;--:;r, 
~ , 

{ 

f 

1 
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a-Benzamido-2.2-dimethYl-l,3,7-trioxa-9-aza(spiro) [4,5 ]dec-. 

9-ene~8-acetic acid p-methoxybenzyl ester (45) and by

product (46). 

The aldehyde ester (44) (14 g, 0.03 mole) wa~ dissolved 

in dry tetrahydrofuran (75 ml) and 1.1 equivalents of gaseous 

ammonia in tetrahydrofuran were added. The mixture was kept 

at room temperature overnight, and then evaporated 'in vacuo. 

The residue was chromatographed on a silica gel column 

using ether as eluent. 

The first product eluted was cry,stallized from ether-
1 

petr01eum ether and its spectral data indicated it to be 

the required product (45). 

Yie1d: 3.0 g (22'), m.p.: l14-ll7°C. 
, ../" 

P.m.r. (CDC1 3): 6 1.40 (s, 6H, acetonide), 3.62, 3.75 (each s, 

2H, CH2O), 3.80 (s, 3H, OCH3) , 3.92-4.10 (m, 2H, OCH 2), 

S.18 (s, 2H, CH
2

-O), 5.3-5.5 (m, 2H), 6.95 (s, 1H, NH), 

7.10 (q, 4H, p-methoxypheny1), 7.4-7.9 ppm (m, 6H, phenyl, 

C-CH). " 

I.r. (KBr):, ~408 (NH), 2983,2937,2865 (CH ),1745 (ester), 

1659 (amide), 1611 (pheny1), 1578, 1514, 1484, 1379, 

Mass spectrum (70 e.V.): 468 CM+), 453 (M+-CH3 ), 4'10'< 

(M+-(CH3)2CO), 347 (M+-CH2-p'-methoxyphenYl), 
303 (M+-COOCH2 -p-methoxypheny1). ,~ 

_ .. -_ .. -......... _,. __ .... , -------_ .. --- _ ~_". _____ ._ ~4_ 

, , 
_____ .. __ --r <'t" --,-. .... _-, . ,-' .. , 
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Ana1ysis cale. for CZ5HZSN207 x ~H20 : C, 
~ 

62.88; H, 6.12; 

N, 5.86. Found: C, 62.38 ; H, 6.12; 
" 

N, 5.42. 

The secondfraction e1uted gave (46) as a color1ess oi1 . 

• 
Yie1d: 2.3 g (lS\). 

P.m.r; (CDC1 3): (5 1.20 (t, J • 7 Hz, 3H, CH:s-CH2), 1.28 

(s, 6H, acetonide), Z.80 Ct, J • 6 Hz, 1H, OH), 
, ., 

3.32 (9, J':' ~ Hz, 2H, ,CH2-CH3), 3.67 (d, J .. 6 Hz,' 2H, 

CHZ-OH), 3.77 (s, 3H, OCH3), 3.6-3.8 (m, 1H, CH-Na), 

4.00 (d, 2H, CH20), 4.48 (d, J .. 9 Hz, 1H, N-C~-CO), 

5.12 (s, 2H, CH2-pheny!), 6.7-8.0 ppm (m, 11H, pheny1, 

p-methoxypheny1, NH, N-CH). 

l.r. (CHC1 3): 3390 (OH), 2970 (CH 2 ), 1650 (ester, amide) 

1370/1380 'cm- 1 (gem.dimethyl). 

U.V. (EtOH): max. À 231, Z79 n.m. 
~. .. 

, + + 
l Mass spectrum (10 e.V.): mIe 514 CM ), 499 ... (M -CH3), 

,484 (M+-CHz-O), ~69 (M+-OEt), 468 (M+-EtOH). 

Ana1ysis cale. for C27"34NZOS :-c., "63.02; H, 6~66j N, 5.44. 

Found: C, 62.92; H, 6.68; N, 5.3Z. 
* 

11'~' . . 

,. -,.. 
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Treatment of a-Benzamide-2,~di:ethYl-l,3,7-trioxa-9-aza 
~stiro) [4 2 5] dec-9-ene-8-acetic acid E-methoxlbenzl1 ester 

with methanol: (~). 

. 
An excess of, methano 1 (1 ml) was added to a so~ution 

of the imine-p-methoxybenzyl éster (45) (468 mg,' 1 mmole), 

. in 50 ml ~f ~eth~ene ch1oride. The reaction mixture was ,. 

stirred at room temperature for 3 hours. Evaporation of the 

solvent ~nd purification by c~roma~ography on silicic acid 

us~ng ether as eluent gave 4~2 mg (84') of (4'.). 

P.rn.r. (CDC1 3):/ cS 1.37 (s, .. 6H, 'acetonide), 2.42 (t, J • 6 Hz, 1H, 
,- " 0 ~ , OH), 3.4l (S',3H, OCH3) 3.70 (d, J - 6 Hz, lH, CHlO), 

3.80 (s, 3H, OCH3), 3.7-3.~ (m, IH, C-CH-NH), "4.00 

(m, 2H, OCHl ) , 

CHl -p-methoxy) , 

pheny1~, NH). 

4.35 ·(d, 1H, N-CH-O), 5.14 (s, 2H, 
~ 0 

6.8-8.0 ppm. (m, 1tH, pheny1, p-methoxys 

.... 
l.r. {CHCI3): 3390 (OH), 2970' (CHZ) , 1650 (ester"amide, C-N), 

1370, 1380 ~-1 (gam-dimethy1). 
~ \ 

. u. V. (BtOH) : max. À 231, 279 DIl • 
.. . , 

"7 

Ma55 spectrum (70 a.V.): . + 485 + 468 m/ a 500 (M ), (M -CH3), , 
Il 

+ (M 7CH3~H). 453. (468-CH3). 

Analysis· cale. for C26H3ZNz8a x ~H20 · C, 6~'. 28; H, 6.52; • . 
, 1 

6.44 ; N, 5.49. Pound .. C, 61.50; H • • 

N, 5.52. 
~ 

j 
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Benzyl 2-phthalimido~3-hydroxyacrylate (1!) 
';:; 

" 

la 
The procedure of Sheehan and Johnson was jollowed, 

and the white crystals recrystal1ized from ethano -water. 

21 1 

Yield: 42' m.p. 1~O-131°C (lit. 137-1~8°C). 

P.m.r. (DMSO-d6 ): 5 5.17 (s,_ ZH, CH2), 7.34 (s, enyl) , 

7.90 (s, 4H, phtha1imido), 8.03 (s, 1H, C-CH), 8.5-9.5 

ppm (broad, IH, OH). 

'1 ~, 

l.r. (Kar):' 3240,1800, 1730 (phthalimido)~ ~130 (ester), 

1680 cm -1 (C-C). 

J 

',' 

.. 
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Benzyl 2-phthalimido-3-hydroxyacrylate soflium salt (48a). 

Benzyl 2-phthalimido-3-hydroxyacry~at~ (48). (12.8 g, 
( - , 

.0.04 mole), was 'suspended in ethanol (25 ml) and an ethanolic 

solution of sodium ethoxide (from 0.88 g of sodium) was added 

Wi~h vigorous stirring. The suspension dissolved immediately 

and the sodium salt was precipitated by the addition of ether. 

The product was col1ected by filtration, washed with ether 

and dried in vacuo. 

Yield: 13.0 g (94'), m.p. 200°C dec. 

P.m.i. (DMSO-d6): 6 5.06 (s, 2H, CH
2

) , 7.37 (s, 1H, phenyl, 

phtha1imido), 7~80 (s, 2H, phthalimido), 8.80 ppm 

(s, lH, CH-C). 

I. r. (KBr): 3400, 1710 (ester), 1650 (amide), 1560 (C-O) J, 

1400 (gem-di.ethy1~. 

-------~.-...,.,.... , 
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'v Benzy1 2-phtha1imido-3-«(2' ,2'-dimethyl-4'-(3"-methy1-

thiazolidine-2"-yl) -1' ,3' -dioxolan-4' -yl)methyl)oxy) 
~ , ~ 

acrylate (49) 

The sodium salt (48a) (13 g, 0.038 mole) was suspended 

in a solution of the thiazolidine~esylate (25a) ~(7.8 g, 

0.025 mole) in 2-butanone (300 ml) and the mixture refluxed 

for 16 hours. The salt was filtered off and the filtrate 

, ~ evaporated in vacuo. The 'residue was chrornatographed on a 

si1ica gel column using ch1oroform/methanol (98:2) as e1uent. 

Evaporation of the so,lvent gave white crystals. 

Yield: 12.0 g (89'), m.p. l43-145°C. 

P.m.r. (CDC1 3): Ô 1,.28,· 1.37 (each s, 6H, acetonide), 2.25, . 
2.35 (each s, 3H, N-CH3)~ 2.8-3.12 (m, 4H, N-CH2-CH2-S), 

3.6-4.3' (m, 5H, two OCH2 and N-CH-S), 5.1 (s, 2H, CH2)~ 

7.23 (s, 5H, C~2-C6~' '.52-8.0 ppm (m, 5H, phthalirnido 

and C-CH) • '" 

. 
-1.r. (KBr): 1785/1725 (phthalimido), 1700 (ester), 165S (C-C), 

1465, 1450, 1442, 1410, 1380, 1367 cm- 1• 

Mass spectrum (70 e.V.): mIe • 538 (M+) 

Anal. Cale. for C28H30N20,S: C, 62.44; H, 5.62; N, 5.20; S, 5.94. 
,-

Pound: C, 62.59; H, 5.51 ; N, 5.40; S, 6.02. 

.., , 

~ ,~ W h ,__ 3.1 ~ ~:j:'~;~k. ~-::~~ 
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, 
Benzy1 2-phtha1imido-S-«(4'-formy1-2',2'-dimethyl-1',3'-

dioxolan-4'-yl)methyl)oxy)acrylate (50). • 

The thiazo1idine esteT (49) (8.6 g, 0.016 mole) w'as 

disso1ved in tetrahydrofuranJwater (4:1) (100 ml) and mercuric 
-t 

chloride (1.2 g) was added. The immediately" formed milky , 

suspension was stirred at room temperature for 1 hour. The 

fine susp~nsion was filter.ed off and the filtrate evaporated. 

The residue was extralted three times with benzene and the 

combined extracts were washed with dilute hydrochloric acid 

and water" and dried over anhydrous sodium sulfate, 'fil tered and 

evaporated in vacuo. The crude product was passed through a 

siliea gel column using Methylene chloride/ether (9:1) as 

eluent. Evaporation of the solvent gave a white 1foamy solide 

Y~eld: 6.7 g (90 i). 

P.m.r. (COC1S): ô 1.38 (s, 6H, acetonide), 3.9-4.0 (m,' 2H, 

OCH2), 4.20 (m, 2H, OCH2), 5.10 (s, 2H, C~-C6H5)' 

7.34 (s; 5H, pheny1), 7.6-8.1 (m', SH, phtha1imido,=C-H), , 

9.73 pprn (s, 1H, CHO). 

Lr. (KBr): 3480, 3072-290'0, 1800/1735 (phthalirnido), 

1735 (ester), 1720 (aldehyde), 1665 (amide and,C-C), 

1430, 1395, 1382, 1290, 1100 cm- l . 

Mass spectrum (70 e.V.): m/e. 465 (M+). 

Analysis cale. for. CZ5H23N08: C, 64.51; H, 4.98; N, 3.01. 

Found: C, 64.34,' H SOI- N 3 25 , . , , . , 

~. ,J 

, . 

--! 
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.. 

cx-Phthalimido-2 ,-aza 

(spiro) [4,51decane-8-acetic acid benzyl ester (51) ~nd 

imine (52). 

The aldehyde ester (50) (6.0 g, 0.013 mole) was 

dissol ved in benzene (Se ml) and refluxed for 30 minutes .. 

" using a, Dean Stark trap. 'The sol vent was concentrated 

and the residue dissolved in anhydrous ether (50 ml). 
1 . 

Ammonia was passed through the clear solution for 5 min. 

at room temperature. Then it was kept overnight. 

White crystals (51) were colleted by filtration. 

Yield: 2.5 g (40\), m.p. lQ8-l10°C. 
1 

P.m.r. (DMSO-d6): ô 1.34 (s, 6H acetonide), 3.33-4.00 

(m, 5H, two OCHZ' OH), 4.28 (broad s, 1H, C!!-NH), 
~ 

4.95-5.40 Cm, 2H, CH-CH), 5.17 (s, 2H, CH2-phenyl), 
~ 

5.95 (d, lH, J • 4 Hz, NH), 7. Z8 (s, SH, phenyl) , 

7.88 ppm (s, 4H, phthalimido). '1 

• 
~ 

l.r. (KBr): 3450, 3330, 3270 (NH, OH), 1780, 1720 

(phthal'imido), 1740 (ester), 1410,1450, 1380 cm- 1 

Mass-spectrum (?O e,V.): 464 (M+-H20), 449 (464-CH3)' 

421 (449-CO), 406 (421-~H3/or 464- (CH3)2CO). 

Ana1.Calc.for C2SH26NZ08 (482.5): C, 62."23; H, 5.43; .N, 5.80. 

Pound C, 62.44; H, 5.45; N, 5.81. 

";'~:"" "," 
",J - .. ~ ~;' J/!tf ~ ~", .. 

" . 
,\ ... , ! 

f 



v 

-230-

The fi1trate was chr~rnatographed on a silica g:; 

co1um~ using methy1ene ch10ride / ether (95:5) as e~uent: 

Evaporation of the majorproduct gave a co1orless oil, 

identified as the imine (52). 

Yie1d: 2.0 g (33'). 

P.rn.r. (CDC1 3): ô 1.40 (s, 6H, ,aceto~ide)J 3.4-4.3 (m,',>~H, 

two OCH2), 4.97 (d, lH, N-CH-COO),' 5.21 (s, "2H, CHZ

ph,eny1), 5.70 (d~lH, N-CH-O), ,7.30 (s, 5H, pheny1), 

7.6-8.0 ppm (m, SH, phthalillido and N-CH). 

<II' 

l.r. ,(KBr): 3500, 3995-2880, 1800,1730 (phtha1irnido), 1760 

(ester), 1660 (amide ~nd C-N). 

Mass speetrum (70 e.V.): mIe 464 (M+). 

,.. ""'~'''''''''-''' • ,__ r • 

Analysis cale. for C2SH24N207: C, 64.65; H, 5.21; N, 6.03. 

Pound: C, 64.43; ~,5.3l; N, 6.18. 

.. 
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2,2-Di~ethyl-8-phtha1imidomethy1-1,3,7-trioxa-9;~za-spira 

[4.5]decane (~). 

, , 

The carbino1amine ester '(51) or (52, 464 mg, mmole) 

(482 mg, 1 mmo1e) was suspended in 25 ml acetate 

and added to 240 mg of palladium on charcoal (10\) in 

25 ml of ethy1 acetate, previous1y prehydrogenated with 

hydrogen. The mixture was hydrogenated ~t atmospheric 

pressure, unti1 24 ml of hydrogen were consumed (6 hours). 

The cata1yst was fi1tered off and the fi1trate evaporated 

to dryness., Addition of ether gave white crystals, re

crystal1h:ed once from ethy1 acetate/ether. 191 mg (50\) 

m.p.: l51-153°C. 

P r '(CDCl)' ô 1 31 (s, 6H, acetonide), 1. 90 (broad s, 1H • m. • 3' • 

NH), 2.98 (s, 2H, 

(d, 2H, CH20), 4.35 

phtha1imido). 

3.45-3.90 (m, 4H, two CH2) , 4.05 

, N-CH-O), 7.6-8.0 ppm (m,4H" 

l.r. (KBr): 3200 (NH), 2980-2860 (CH ),1770, 1705 
-1 

(phtha1imido, amide), 1610 (pheny1), 1460, 1430, 1400 cm 

~ 

Mass spectrum (70 e.V.): 
+ + 

mIe 333 (M +1), 317 (M -CH3)· 

Analysis cale. for G17H20N20S C, 61.43; H, 6.07; N, 8.43. 

Pound C, 61. 67; H, 6.04 ; N,(19. 
, . 

• 

\ 
r 
" . 
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2 -Benzamido -,3 - « (2 t , 2'~ rdi:~etJf;1-4"- (3"-methy1 thiazolidine-

Z"-y1) -l' -3' -dioxo1an-4' -y1)methy1)oxy)acryliè acid (54). 
1 .. 

Zinc dust ( g) was added at r~om temperature t~a 
, /' 

stirred solutio of thiazolidine e~ster (38) (1.,0 g, 1. 8 mmole) 

in tetrahydrofu an (10 ml) and a 1 molar potassium dihydrogen 

phosph~te solut'on pH 4.2 (2 ml). The acid liberation was 

followed by t.l c. (benzene-EtOAc 9:1).- After 1$ min~tes 

the mixture was filtered and the tetrahydrofuran was eva

porated. The residue was diluted with water (100 ml) and 

extracted with ether. The organic solution was dried over 

sodium sulfate, and evaporated in vacuo to·give 580 mg (74\) 

of pure thiazolidine acid (54), m.p.: l59-l60oC. 

n. 

P.m.r. (CDCl.3): 6 1.40 (s, 6H, acetonide), 2.31, 2.40 (each 

l.r. 

s, 3H, N-CH3), 2.90-3',10 (m, 4H, N-CH2-CH2-S), 3.65-

4~48 (m, SH, two OCHZ and N-CH-S), 7.30-7.90 (m, 7H, 

p~eny1, NH and C-CH) , 10.23 ppm (s, 1H, COOH). 

-> 
(Dr): 32.50 (broad), 2~80, 2940 .(CHZ)' 1650 (broad, 

amide), 1575, 1510, 1380 cm- 1. 

Mass,spectrum (70 e.V.): mIe 422 (M+). 

Anal. Cale. for C20H26N~06S 
\ 

C, 56.86 ; H, 6.20; N, 6.63; S, 7.58. 

Found: C, 56.75; H, 6.42; N, 6.45; S, 7.79. 

.... 

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

1.1 
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2-Benzamido-3-(((4'-formYl-2',2'-dimethYl-l',3'-diOXOlan-

4"-yl)methyl)oxy)acrylic acid (55). 
,j'" 

The thiazolidine acid (54) (844 mg, 2 mmole), was 

dissol ved in tetrahydrofuran/wa'ter (9: 1) (10 ml) and mercuric 

chloride was added. The immediately formed precipitate was 

stirred for 30 minutes. The solid was filtered off and the 

filtrate was dried over sodium sulfate. Filtration and eva-

poration of the solvent gave a white solide 

Yield: tI '. ") 
650 mg (93'), -m.p. 55-Sa De. (sot hydrated fotm). 

!. 
P.m.r. (CDC1 3): 6 1.43 (s, 6H, acetonide), 3.6-4.2 (m, 4H, 

two CHZ -0) , 5 .05 (~H, Sot hydrated aldehyde) 

6.95 (lH, COOH), 7.5-7.9 (m, 7H, phenyl, NH, C-CH), 9.80 ppm 

(a. H, CH-O). ., 

, 

I.f., (CHC1 3 ): 3410 (OH), 2970, 2870 (CHZ) , 1670 (CO), 1600 

(phenyl), 1372, l3~O (gem.dimethyl). 
. , 

Q 

Mass spectrum (70 e.V.): 349 (M·), 334 (M+ -CH3), 305 (M+ -C0
2
r 

+ ' 
(M -C

6
H

S
CO). 

Microanalysis was not performed because of instability. 

. ... 
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2,2 - Dimethyl-9 -benzamido -1,3,7,11- tetraoxaspiro [4.7.]'- dodec-

8-ene-10-one-12-carboxycyc1ohe~y1amide< (57). 

The thiazolidine aeid (54) (844 mg, 2 mmole) , was dissolved 

in tétrahydrofuran/water (9:1) (la ml) and mercuric chloride 

was added. The reaction mixture was stirred at room temperature 

for 30 min~tes. The solid was fi1tered off and ammonium 

hydroxide (1.5 mmole) was added. The pH was adjusted to 6.5 

by adding ph~sphate buffer (2 ml). Cyc1ohexy1 isonitrile 

,(655 mg, 6 mmole) was added and the two phases mixed with' 

vigorous stirring for 20 hours. The'reactio~mixture was 

di1uted with water (100 ml) and the aqueous phase extracted 

with ether. The combined ether extrac~s were dried over 
~, 

anhydrous sodium sulfate and evaporated in vaeuo. The residue 

was washed with petroleum ether to remove the unreacted iso

nitrile. The residue was purified by chromatography on siliea 

gel using ehloroform/methanol (9:1) as e1uent, to give 316 mg 

(36') of white ~rystals, m.p.: 254-256°C. 

P.m.T. (DMSO-d6): 6 1.32, 1.40 (each s, 6H, acetonide), 

1.0-1.9 (broad m, 10H, eye1ohexane), 3.20 (5, lH, CH-N), 

4.1-4.4 (m, 4H, two CHZO), 5.00 (s, IH, CH-Q), 

1.45-8.00 ppm (m, SH, pheny1, 2 NH, CH-Cl. 
'1 

l.r. (KBr): 3330, 2280 (NH) , Z925, 2850 (CH2~' 1732 (~actone), 

1637 (amide), 1600 (pheny1), 1370, 1380 cm-1 (gem-dimethy1). 
1< 

" , " ' 

r ,_ .. .. , 

\ 
1 

~ 
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Mass speetrum 

Anal. Cale. for C24H30N207 

Found 

, 
• 

443-CH ), 400 (M+-
3 

H transfer), 

" 

C, 62.87; H, 6.60; N, 6.11. 

C, 6~.21; H, 6.84; N, 5.94. 

, -, 
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t-Butyldimethylsilyl 2-bdnzamido-3-«(2' ,2'-dimethyl-4'

(3 n -methyl thiazolidine-2"-yl) -1',3' -dioxobln-4' -yI) 

. - __ - .. ~ J 

~ methyl)oxy) acrylate .Œll. 

_____ ., ____________ ~ .. k .. _ 

• 

The thiazolidine acid (54) (3.0 g, 7.1 mmolef, tert

butyldi~ethyl-ch1orosilane (1.6 g, 10~7 mmole) and imidazole 

(1.2 g,,117. 7 mmole) were dissolved 'in dry dimethYl~Ormamide 
(la ~l); the mixture was stirred for 24 hours at room 

temperature. The reaction mfxture was poured into chloro

form (100 ml) and the resulting solution washed with sodium 

bicarbonate solution and water:. The :-hlorof~ solution 

was dried ove~ anhydrous sodium sulfate, filtered and the 
If 

, , 
solvent evaporated. The residue was chromatographed on 

, 
silicic acid (SOO g), anp the fraction containing the 

.:J u / 

si1y1 ester was concentrated and dried-i~ vacuo, to 1eave 

a colorless oi1. ' .. 
/ 

/ 
1 

Yie1d: 1.4 g (22'). 

/ 
P.m.r. (CHEl

3
): 6 0.0 (s, 6H, CH3-Si-CH3), 0.82 (d, 3H, CH3), 

1.Z-1.; (m, 12H, aeetonide, two CH3)" 2.24, 2~34 (eaih s, 

3H, N~H3)' 2.7-3.1 (m, 4H, N-CH2-CH2-S)" '3.6-4.2 (1,'4H'" 

two OCH
2
), 4.33 (d, lH, N-CH-S), 7.2-7.9'ppm (m,' 7H, pheny1, 

NH ~nd C-CH). 
. 

l.r.: 3400, 3060-2800, 1730-1660 (intense broad p-eaks, 

amide and C-C), ,1518, 1~86, 1385, 1370, l310'y'1 26, 

1145 em-l. 

Anal.Cale.for C26H40N206SSi x 1sIiz0: C, 51.22; H/7057; 

Pound: C, 57.S0~, 6.~6; 

ester, 

N, 5.13. 

N, 5.47. 

,----- ---- ---------'-~ --'.' , 
... ~ " 
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6,a,a-Trichloroethyl a-benzamido~5-acetoxy-S-(3t-me~hyl

thiazolidine- 2 tyl) -1,3 -dioxacyclohex- 2 -y1 -acetic aCid~a) .. 

-Il 

Thiazolidi~e ester (38) (2.2 g, 4 mmole) was added at 

room temperatur~ to a solut~on o~ trifluoroacetic acid 
~ 

(8 ml) ~and 'water (2 ml)' and' the mixture subsequently eva-
, 

porated to dryness. The residue,was neutralized with ZN 
, , 

sodium bicafbonate ~nd extr~~ted with chloroform and the 
, . 

extracts dried over sodium sulfate. Solvent remova1 left 

an oil ~hich vas treated with a mixture of acetie anhydride' 

(5 ml) and pyridine (5 ml) overnight. Purification on a 

siliea ,gel column, eluting with chloroform/methanol gave . 
1.3 g, (59\) of a eolorless oi1. The prQduet vas crystal-

lized from ethe~, m.p. l17-ll9°C. 
. ", 

I.r. (KBr): 3392 (NH), 1770,1740 (ester), 1655 '(amide), 

1522 cm-l. 

P.m.r. (CDC1 3): 6 1.85 (~. 3H, OCH3), 2.40 (s~ 3H, NCH3), 

3.00,(5, 4H, N-CH2-CH2:S), 4.00 (s, 2H, aCH2), 4.20 

(s, lH, N-~H-S), 4.27 (s, 2H, CHlO), 4.80 (d, 2H, 

~HlCClj), 5.16 '(dd, J ... 2 'HZ, .J • 4,Hz, IH, C-CH-N), 

5.54 (d, J • ~ Hz, lH, a-CH-O), 6.85 (d, J = 8 Hz, IH, 

NH), 7.2-1.9 ppm (m, 5H, phenyl). 

Mass spectrum (70 e.V.): mIe 556/554 (Cl S7 /CI 35) , 54l/~39 

(M- Cli3), 497/495 (M+ -OCOCH3-) , 407 (M -OCH2CC13), 379 
+ (M . - COOCHl CCI 3). 

Anal.Cale.for C21H2SC13N207S: C, 45.37; H; 4.53; Cl, 19.13; 

Pound C, 45.38; H, 4.49; Cl, 19.3l; 
'" r-' 

.. 

l' 

N, '5.03. 

Nt 5.01. 

. 
---~ .. _~-~-
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HiEEuric acid B2BIB-trièh1oro~thllester (65). 

'"" 0-
f • 

A soluti'on of 17.9 g (0.1 mol~) of hippuric acid, 

(30 g, 0.2 mole) of B,B,a-trichloroethano1, and 500 mg 
- , 

p-to1uenesulfonic acid in 150 ml of toluenJ was stirred' 

.and refluxed using a Dean Stark trap, for 20 hours. , , 

After cooling, 150 ml of a IN sodium bicarbonate solution 
1 1 

was added~ The organic phase was separated and dried over .. 
sodium sulfate, con~entrated under rèduced pressure, and 

·1 ./ 0 

'crystallized from chloroform/ether to yield 30.5' g (98'), 

)Il.p.: l2S-l26°C . 

. 
,- 1.r. (KBr): 3300 (NH)~ 1110 (ester), 1640 (CO), 1600 

(Phe'Zt', 154~ ~-l. 

P.m.r. (DMSO-d6): t5 4.22' (d, J • 6 Hz, 

) 
.., , 

(s, 2H, ~H2CC13 ' 7.4-8.0 (m, SH, 

9 • 05 ppm (t, J • °6 Hz, 11{, NH). 

, . -
Anal.Calc. 

\ è H Cl Nef : 42.54;~, for C, 3r.-24 ; N, 4 '5;1.' Cl.' 
Il 10 3 3 

. , , 
1 

Pound: C', 42.16;- H, ~ .. 21; N. 4.59; Cl, 

" 

" 

J , 

" 

l, 

\ -

~ 

:$4.38. 
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N~(6,6pa-Trichloroeth~YCarbonYl)-adamantanamine(36) . 

l-Adamamtanamine (1 g, 6.5 mmole) was dissolved' in 

pyridine (20 ml), cooled in ice, and 2.2.2-trichloroethoxy~ 

car~nyl chloride (2.74 g, 13 mmole) was added(with stirring: 

After 2 hours, the solution was di1uted with water and then 

acidified ~ith 2N hydrochloric acid and extracted with ether. 

The ether extract was dried (Na 2S04), and the solvent eva

porated. The TrOC~adamantanamine'crystallized from ether/ 
~ 1ight petro1eum as ~eedles (2.0 g, 97\), m.p.: 122-l24°C, 

36 
lit. l23-l24°C • 

.1 
L r. (lCBr): 3270, 3140 (NH), 2900, 2823 (CH), 1710 cm-,l (CO). 

P.m.r. (CDC1 3): 6 1.66-2.10 (m, 17H~ CH2 , CH), 4.66 ppm 

(~, 2H, CH
2

CC1
3
). 

'~ 

.. ,. , 
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m-Methoxybenzoic acid B,B,B-trichloroethy1 ester. 

." 

A solution of 7.6 g (0.05 mole) of m-methoxybenzoic 

acid, 7.1 g (0.1 mole) of boron trifluoride-etherate, and 
t 

30.0 g (0.2 mole) of B,B,S-trichloroethanol was stirred 

, and heated to 1500 for 2 hours. i;ter cooling, 200 ml of 

water was added, and the resulting mixture extracted with 

three 100 ml portions of ether. The combined ethereal 

phases were washed with saturated sodium chloride solution, 

dried with anhydrous sodium sulfate, concentrated under 
'!< F 

reduced pressure, and distilled to yield 10.5 g (74\), 

bp. 115 0 (0.02 mm Hg). 

I.r. (film): 3000, 2950, 283S (CH)., 1730 (CO), 1600 

(benzene ring), 1482, 1450, 1430 (CH), 1365 cm- 1 

(CH3)· . 
P.m.r. (CDCl~): 6 ~.86 (s, 3", CH3)' 4.95 (s, 2H, CH2CC13)' 

1.0-7. 8 pp~ (m, 4H, pheny1) •. 

1 
Anal.calc.for ClO"9C1303: C, 42.35; H, 3.1,9 ; Cl, 37.51. 

Pound C, 42.29; H, 3.43; , 'Cl, 36.98. 

~ 
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~ 

trans-Cinnamic acid a a a-trich1oroeth 

A solution of 7.4 g (0.05 mole) ~f trans-cinnamic acid, . 
7.1 g (0.1 mole~ of boron trif1uoride - etherate, and 30.0 g 

01 
(0.2 mole) of a,a,a-trich1oroethano1 was stirred and heated 

to 150o~for 3 hours. After cooling, 200 ml of water was 
". 

added, and the resu1ting mixture was extracted with three 

100 ml portions of ether. The combin~d ethereal phases 

were washed with saturated sodium chloride solution, dried 

with anhydrous sodium sulfate, concentrated under reduced J 

pressure, and dlsti11ed to yie1d 12 g (89\), bp 112 0 

(O.01~-mm Hg). 

l.r. (film): 3060; 3025, 2945 (CH), 1725 (CO), 1630 (C~C), 

1575 (pheny1), 1450 cm-1 (CH). 

P.rn.r. ~CDCl3): ô 4.86 (s, 2H, CH 2CC1 3), 6.47 (d, J :III 16 Hz, , 
lH, CH-CH), 7.2-7.6 (m, 5H, aromatic), 7.80 ppm 

(d, J • 16 Hz, 1H,iCH-CH). 

t:ound C, 47.23; H, 3.31; Cl, 37.93 • 

.. 
-. _.-..1 _______ -- #7 ... ::;;;; .. --.- .... ---.-, ~ -ç:~r 

- .. ,~ ~ \ ~ ~ 
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( 36) 
3-(a,a,a-Trichloroethoxycarbonyl)-estrone 

a,a,S-'Trichloroethoxycarbonyl chloride (2.74 g, 13 mmole) 

was added to a stirred ~ixture of 20 ml of pyridine and 19 

(3.7 mmole) estrone. The reaction was stirred a~ zqo for 

2 hours. Th~ water was added, followed by acidification 

wi th hr.dro'chloric acid and extracted wi th ether. The ether 

extract was dried with so~um sulfate and.evaporated to 

dryness. The ester w~s crystaillzed from ether to yield 
li' 

1.40 g, (87*), m.p.: 139-141oC, lit. 140-l4loC. 

I.r. (KBr): 2940, 2880, 2830 (CH), 1760 (ester), 1735 (CO), 

1605 cm- 1 (phenyl). 

P.m.r. (CDC1
3
): 15 0.90 (s, 3H, CH3), 1.4-3.1 (m, 15H, CH, 

CH2)~ 4.83 (s, 2H, CHZ-CCI
3
), ~.87-7.37 ppm 

(m, 3H, aromatic). 

1 ~ 

) 

•... __ ._---.. --- -' 
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General 'rocedure for the Temova! of the a,a,a-trichloro-_ 

ethoxy group. 

2 g of the trichloroethyl ester was stirred for the 

time indicated in table 1, chapter 4,irt 10 ml tetrahydro-

* furan with 2 g zinc dust and 2 ml of a 1 molar buffer 

solution. Zinc was filtered off; and the filtrate was 

stirred with Rexyn 101 (H) for 5 minutes. The ion 
~, 

~XChange resin was filtered off and the filtrate con

centrated, addition of ether gave the unmasked acid or 

** phenol • 

.. 
- KH 2P04 (pH 4.2) or a mixture of KH2P04 vith Na2HP04 

up to pH 6.5 or ammonium acetate (pH 7.2) vas used. 

le. ., 
A sliqht modification of the work-up procedure 

per.itted the isolation of the amines. 

/ 
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