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The content of this thesis, includes "An ap roacL to
: the synthesis of C-nucleosides (part 1) and 'S udies towards 1
an oxacepham derivative” (part II)
separately with 'a 11st1ng of 'sub-headings 1n the text, and- f
+ , :

- has an 1ndependent nhmberxng system. .
¥ . ' -

Part I, describes the synthesis of a valuable key inter-’ o
mediate, a a-keto acid, which makes C-nucleos des accessible,

?

an explanation of an unusual cleavage reaction, and an ozonide.

¥

rearrangement to D,L-talofuranuric acid derivatives. ‘

. . .
- .
v, S0l

+ -

After  successful conclusion of the above subject, our _xﬁ
immediate interest was a study towards the total synthesxs of- g
an oxacepham derivative and these results are described in -3
. rk-zﬁfﬁlggﬂ page 158. 7
-7 4;% .
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for the preparat1on of C- nuc13051des was stud1ed
The reaction pathway of an

* ' Abstract

The synthesis of an a-keto-ester acid as key intermediate
starting from

‘/fugan and methyl B-nltroacrylate.
unusual cleavage with sodium metaperiodate was’ 1nyestlgated and
The rearrangepent of the'

an older misconception corrected
ozornide Ieadlng to a 2,5- anhydroallose der1vative was studied.

@

During the courSe of this investigation a novei synthesis of
d1methy1 1-0-oxalyl-2,3-di-O- 1sopropylidene 9°D L- r1bohexbfuran

{
.

5 ulosuronate was developed In add1t1on, several new D,L-
/

talofuranuric acid\derivatives‘we;e prepared.
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-

Contfibﬁtion d la synthése des C-nucléosides

Ny

[ Karl Groazinger v

.

] : ® ‘
Département de Chimie ~ - ol

Unlversité McG111

Montréal Québec Canada S ) ' /
) Do /

ans la préparation des C;nucléosides, est réalisee 3 partir

du furan/et~du Bhnltroacrylate de méthyle. je schéma réactionnel °

de la s ngullere sc1551on au métaperlodate de sodium est 6tudié; r,

la correct1on d'une conception périmée-en résulte. La ransposi~

tion d#un ozonide aboutissant a l'anhydro- ,5 allose es décrlte.

-

ti7bfuranurique soqm préparés.
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» a. Introduction

Among the relatively few naturally occurring nucleo-

sides, whlch.contaun ribose bound to a carbon atom of the
1 2

heterocyclic aglycone, some - the formycins (1) * , oxa-

zinomycin (z)s, pyrazomycin (3) , and showdomycin (4)

appear to ‘act as antagonists to essential metabolites,

7 8
’

A ‘
whereas others- pseudouridine (5) , and formytin A (1a)
. :
appear to resemble their respective counterparts - uridine and

adenosine - to such degreg as to be capable of functioning
- ’

as metgbolic substituents.
\ 8,9 .
Recent studies have focused on ribomucleoside

phosphorylase, on the mode of act{on of C-nucléoside;j:iiwﬁ

their bio- synthe31s. The observation of specific revensal
-of antiviral act1V1ty of pyrazomyc1n (3) by ur1d1ne alone

points to pyrlmid;ne biosynthetic pathways as a p0551b1e
' 190

»n

vulnerable site for growth inhibition . ]

- The agr1cu1tura1 potential of formyC1n B (1b) against

rice plant disease and the inhlbltion of the multiplication
12

of bromegrassmosaic virus in barley seedlings has been

noted, but no medical usefulness has thus far been demon-
1 l 1

strated for members of ghe C-nucleoside class .

&
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The preparation of additional C- nucleosides by syn-

thesis or by modification of naturally. avaxlable mater1a1s, f
together with a.detailed understandlng of structure - -
activity relationships, will assist in the realization of

the therapeutic potential of‘this versatile group.

C-Nucleosides represent an important class of ant1b1ot1cs

due to their close analogy to the normal nucleoside metabolltes .

)

The varied effects of C- nucleos1des on numerous enzymatic

conversibnsrender thelr further 1nvestigat1on ‘as potentlal
chemotherapeutlc egents a worthwh;le unde;takzng

Recent surveys dealing with C- nuc1e051de research -
1nc1ude q diSCu351on of’ the relatlonship between nucleoside

. conforﬁhﬂiéﬂ and b1ologica1 activ1ty by Ward and Re1ch .°
[¢]
Suhadolnlk has .thoroughly reviewed the pertinent literature”

up to- 1970 . ‘The fole of sugars in medicine,especially

1s 0
v in chemotherapy. has been reviewed by Tronchet et al..

Structurally related compounds ‘have been synthesi?ed with

the hope of enhancing biolog;cal activity Parameters in-
18=-15
volved in "drug des1gn" have been discussed ,tn(detail

[}

“"b. . Biologicel activity

<
- N ¢

. Y . P
(- Although broad- spectrum antibacterial agents and anti- .
biotics have been developed to wide-clinical usefulness over '

the period .of the past 40 years, the comparable screening

effort in the direction of the develdpment of antiV1ra1 agents “,ﬁ*
T 1619
has yielded results so far short of the same degree ef success e
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This sxtuataon prevails desplte the fact that resp1ratory

cond1t10ns, espealally those of v1ra1 or1g1n are responsxble

26-21
‘for mote than half of all acute human illnesses

} ‘ ’ :
\ )

[} 3

. In Searching for a broad - spectrum antiviral agent,

& an effort was made to concentrate on the synthesls of -

compounds which have a potential effect on enzymatzc

N processes which are common to all known viruses, such asﬂ~”
virus-induced nucleic acid and protein synthesis. These
processes are carried out by enzymes spec1fica11y coded (
for in the V1re1 genome. Anoﬁ&er _common feature of all ' - Jé

¢, Viruses is their lack o{xprotein synthe izing capab1lity.

It is conceivable that ihitiation of virus-specific protein

aq}/or RNA synthesis may utilize unique viral enzymes which
could be specxfically inhibited. S ; » .

A -
3
A review by Wagner in 1971 gives details of riucleoside
antimet/i

olites, which exert their activity by incorporation

into DNA and RNA nacromolecnles, or by the inhibitonof enzymes,

)

k3

-

involved in nucleic acid synthesis. = //;

SeveraI‘C-nucleosides such as the ribqfnraﬂoéyl nucleo-
side antibiotic pyrazomycin (3) (38-D~ribefuranosy1~44hydroxy-
pyrazole- 5 -carboxamide) have been shown to have antiv al

L.("adtivity against rhinovirus, measels herpes simplex, and ~
an-28 ¥ , <
vaccina viruses in tissue cultures - Apparently inhibition s

of viral replication in vivo and toxicity ?2M;h° host could:
1o ‘ o
 be only par;hﬂly separated in studies of (3) - ) ’ p

o7
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;//’ Another ribonucleoside antibiotic® formycin (1) has
" oL L. 22,20 ’
also shown antiviral activity in vitro.
’w‘;\‘ PR » —
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e ~T 5

Showdomyc1n (4) is an example of a biologically v
" active C-nuc}3051de with the B-D-ribofuranose moiety

‘attached to a S5-membered heterocyclic ring.

~  The glycosyl bond of C-nuc;pdsides showed an increased
étability towards chemical and enzymatic/attack§) relative
to their N-counterparts, where protonation on oxygen or
nitrogen atom occurred, folléqed by C-N bond cleavage to
'give the free base an& éugar. It is believed thai the
stability of the glycosyl bond is related to its aétivity
in inhibiting the growth of bacteria or malignagy'cellssn
Since C-nucleosides are considerablly more stable in this

respect, their activity should be more pronounced.

o
o

-

c. Synthesis of C-nucleosides -
>

The first appro;ch to the synthesis of C;nuéleqsides
was derived from the one applied for N-nucleoside synthesis,
that is, the sugar part was directly condensed to the hetero- q
cyclic base. The first synthesis of pseudouridine (5) was \
reported in 1961 by Asbun and Binkley ! and Shapiro and

\ Chambers !. They started from l—chloro-z,3,S-tri—0-benzoy1—D-
ribofuranose (6) and 2,4-dimethyoxy-5- lith10-pyr1m1d1ne (7),

,
- s

but the yield reported was - low.

B A it e SRR . 765, - Pl ey T A NP
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i Asbun and. Binkley reported in 1968 ’ another synthesis

of pseudouridine E;}a 5-0-Acetyl-2,3-O-isopropylidene-D-

ribolactone (8)’@%5 condensed with 2,4-dibenzyloxy-5-lithio-

pyrimidine (9) followed by borohydride reduction and acid

hydrolysis of the condensation prdduct to give (5) in 10% yield. *

3h 38
In 1965, Brown and Burden ’ using .the open chain

carbohydrate (10) and 5-1ithio-2,6-di-tert-butoxy-pyrimidine
(11),isolated pseudouridine (5) in 18% yield. The a anomer

(5a) was also obtained.

B20

8:0 082

e

: s
s . » . 8., a-anomer
oo 1+ A
*
)3::: Y

T1r




]
-7 - ‘ .
« / " -~
. ’ ‘} )

_ There are other reported syntheses of C-nucleosides ‘ 0
using the open chain carbohydrate; examples of this type
were shown by §orm“’", who synthesized 5'-anhydro-6-
azauracils.(14) from L-xylo hexulosonic acid (12) and ) |
D-arabino hexulosonic acid (13) by alkali catalysed cyc¢li:
sation of the corrésponding“thiosemicarbazone,s, followed by :
methylation and hydrolysis.
) tﬁ COOH
0
o
) HN M r
~—OM — |p—OH
HO'—-- ) ) Ho——-—
HO- —OH
-——&-OH H R' ' "'"-OH
| -3 #4,RaOH, R'sH 13
sResH  R'aOH
A
- %a /
- b ' #.,
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O-benzylidene-D-ribose (17) produced (18) and (19); this ;ﬂ

of (20) and (21) with 1IN-HC1l formed (22) and (23).

— .8. = by 4

®

Recently pseudocytidine (22) and the anomér?c 5-(a-pt ‘
ribofuranosy}) cytosine (23) were reported?a by David ;ﬁd
Lubineau. They protected 5-bromocytosine with hexamethyl-
disilane/trimethylchlorosilane to give (15), which was treated

with Bu-Li to afford (16). Reaction of (16) with 2,4:3,5-di-

mixture_was hydrolyzed to (20) and (21) with acetic acid.

These isomers were separated on Dowex 50 resin. Treatment
Ty

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

pseudouridine (5) and its a-anomer (5a), whilst cyclization

[} (:Ho R ——"'R' . R_______R-
-§i—~ ‘
i . —OH
* e -0\—Ph —OH
NH-Si— “-—-—Ois——-Ph . }-on
R
Lo/ _ L_.OH
15,R = Br " ' 18,ReOH R'sH  20R=OH.R=H
18R = LI 19,R=H .R'=OH 21,ReH ,R'=OH
. o
i
H HNj\NH
NH2 (o}
HO  HO '
, . HO OH HO ON
22 ¢ 5, N
23 (a-unomor) ,l,(a-nnomor) N

T ree P
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The next development was an attempt ‘to introdice the #tg '
| correct stg;eochemistry at the anomeric centre. Farka3l
39 M0 /
and co-workers °*, prepared from 243,5-tri-O-benzoyl-8-
‘ oy

D-ribofuranosyl bromide (24) the orresponding cyano deri-

L3S e
vative (25). ‘The cyano group was reduced with lithium aluminum
hydride to 1-deoxy-1-amino-2,5-anhydro-D-allitol (26),
convertfé to the urea (27), which, after treatment with ;

g-ethoxyacryl chloride followed by cyclization gave homouridine

(28)"*,

B20 o Bz
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Farka¥ dlso hydr#;ized the cyano group to 3,4,6-tri-O-
benzoyl—ZJS-anhydro-D-allonic“acid (29), which upon condensation

with 4,5,6-triaminopyriﬁidine afforded 8-B—D-ribofuranosyladenine

(30) in several steps.

=]

The cyano derivative (25) was also used to synthesize
homocytidine (31)”'. - . ‘ : . g
\ . 5

‘

!

. / ' o
‘A general synthetic approach to C-nucleosides was

(3} ! ' LN ] kY

shown by Acton et al. , using a 1-diazo-sugar ,

applying it in a synthetic seq@ence deéisgd'ﬁy Sprinzl,

LB )
Farka¥ and Sorm .

3 -

.
Y
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4] Z,S-Anhydrofﬁfi-ribitbl (32) was obtained from
ribf€31“7 and was converted via the 3,4-0O-isopropylidene-
l-O—tosylatk (33), to the l-azide (34). The azide was
reduced with -sodium borohydride to the primary amine (35),

which was converted with potassium cyanate into the urea

(36). Nitrosation and treatment in aqueous base generated

the diazo-sugar (38).

4

aH o ’
el et y
Q O (»] [a] Co
- X X o)(o
- 32 - 33 M '
N
. |H! vﬂz
N c':-o (':ﬁ
! o NH, 0 i-ne
B ey

v

N ) 39 | ;;“\ (

s, R=R"=C00Me '
b.R= CO-NH, , R'=CO,Me :
c.R= CO-NH, | R'=CO-NH-NH, | .

SR AR i i S M
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1,3-Dipolar addltlon of (38) and ’ acetylene d1carboxy11c
ester gave a pyrpzole 4,5 dlcgrboxyllc ester (39a) w1th‘a.

sugar moiety attached at C-3.

Using a part of the reaction sequence described by ’

o~

L X} - N8
Acton , Borm et al. synthesized oxoformycin (41) by Curtius

rearrangement of (40), obta1ned from the correspondlng (39a) -

via (39b).. ¢
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With slight modification of the abdve procedure
Acton’ et al. reported the -synthesis of formycin B
'(lbiz’so. The synthesis of Sbnuc1e051des from 1-cyano-
l1-deoxyribose was also used By Igolen and D1nh51. They
applied the Pinner reaction tp the nitrilq (25),whicﬂ gave
the correspondiﬁg thioformimi#ite (42); ring closure in the

presence of o-aminocyano-acetic acid derivatives gives (43a).

-

o

CN 'HN :

B!O OBz 8:0 OB:
@ Y]
' 23 42
RI
r NH,
e el
B8:0 o Bz0 o )
432, ReCN 44,R'=NH, , OH S

b.RaCO-NH,

Foa w1

PR,
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The corresponding 8-tri-O- benzoylr1bofuranosy1pur1nes

(44) were obtained by treatment of (43 a,b) with formamidine

-

acetate or with d1ethoxymethy1 acetate. A promisin ute
52
was published in 1969 by Tronchet . This involy the

synthesis from sugar aldehydes such.as 3-0-benzyl-1,2-0-

isopropylidene-a-D-xylopenta-dialdehydo-furanose, which

t ’ . l 53 : .
v . was transformed to the chloro oxime (45) . Reaction with

- acetylene, followed by cyclization, gave the 4isoxazole

- " derivative (47). 7 / ' “

Cl,c¢NOH

45

CEN-~+0

+

R=CHz-Ph , .

R-CaCH
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From the chloro oxime (45) the corre5pondihg nitrile
(48) was prepared, which after 1,3-dipolar addition with

an acetylenic or ethylenic compound gave 3-glycosyl isax-

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

. Tronchet and co-workers also prepared in their series
of "reversed" C- nucleosxdes55 *7 some 3,4- -oxadiazoyl
C-nuc]eosides.nj‘treatment of an alduronic chloride (51)
with N-benzoylamino-triphenylphosphinimine or by oxidation
of .aldehydo-~dialdose benzoyl-phenylhydrazone (52)'6, they

synfﬁesized a1 oxadiazole (53).

"(
~

f
==

4

VR

FZ

1

z
"
n-
\
3

CH- N-NH-CO-Ph
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Analogs of pyrazomycin were synthesized by Tronchet

2,5-anhydroribose (54) followed by bromination. Displace:

! ,
ment of the bromine with ethyng magnesium bromide afforded

'4

.‘
57 ‘ ‘
et al. using the p-nitrophenylhydrazone derivative of . &

(55), which after cyclization gave 3-g-D-erythrofuranosyl \

3
+

-l1-p-nitrophenyl -pyrazole (56).

> o

54, R» H s -
8 R= B' . » .
S8, R= CaCH '
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In a -further extension of their nuclecside investigetion

Sorm, Farka¥ and their ‘associates’ in Prégue,,the achieved

1

a first total synthesis ofnShowdomyqin’(4) via the.kéy @%ter-

\

mediate (58)°°. ; T R

e x

* v
4 . b ' [ o

i . - .-

They proceeded from 1-(2,3,SZtri-O-beﬂzoledJribofuraﬁosyi}

>

.
ot

. A\ @ ) N
f

-2,4, 6 trxmathoxybenzene which 15taecessib1e by condensation

of 2, 3 5- tri 0 benzoyl D- rlbofuranosyl bromxde with 1,3,5-
\

tr1methoxyben£ene in the pr sence of zinc oxide. Hydrolysis

.o and . a;etylat1on gave (57). Ozonohysxs and mild reduction

w1th‘dimethy1 sulfide ? of. qhe switably protectéd 1- (8- -D-

&
H

r1boﬁuranosy1)-2A$-tnmethoxybanzqne rapresented a crit1cg1 ' )
step rn,produc1ng the methyl furwnosyl glyo;alate.' The keto -
acid (58) was .treated with carboéthoxymethylene .triphenyl-

‘phosphorane to give the unsqturated ester (59), whxch was

cycllzed to the maleic anhydridezderivatzve (60) Reaction of - -
(60) with ammonla gave the maleamﬁc acid derxvative (61) . /'

which after cyclizatian and remov#l of the protecting groups

- : affordedﬁshowdomycin (4) o o, «'g' - _w . ~
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Pyrazomycin (3) was prepared by Farkas et al.

61 \
using a procedure suggested previously ~as a general

route to 3-5ubstituted 4-hydroxypyrazole-5-carboxylic acids.,
' T /

The authors started fromlthe a-keto acid este;—(SS) wh;ch
on treatment with'I-Segzylhydrazino-acetic acid gave (62);
ring closure afforded'(63). Subsequent treatment with methanolic
amméniq gave (64),“which was debepzylated by hydrogen over
fpal}gdium to pyrazoﬂ@cin (3). | B
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62 !
. Buchanan described a synthesis of B-D-ribofuranosyl- \

ethyne (65) by reacting ethyne magne51um bromide with
(B}

chloro ribo,e,Thls paved the way to certain 4-ribotriazoles . i

o

— It is obvious that_§orm's key intermediate, the ketoester
(58) has great potential for the synthesis of C-nucleosides
 and this was further confirmed by Moffatt et al., who in

s 68
(f“a series of papers * descr1bed the synthesis of (58).
. Starting with (25), they reduced the cyano group in the

presence of N,N'-diphenylethylenediamine and obtained
a stable crystalline 1‘?Pdiphenylimidazol1dine darlvative (66).
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Regeneration of the free 3,4,6-trisubstituted 2,5-
anhydro-D-allose (67) could be achieved by mild acidic

| treatment.

{

The reaction of the aldehyde with 5odium cyanide

M . v »&»«;;.\-_‘ N
and hydrogen peroxide gave 3,6-anhydro-4,5,7-tri-9;bbnzy1-

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

v .

DMSO and DCC in the presence of dichloroacetic acid to the
keto-ester (58b).

- Reaction of (58b)with carbamoylmethylenetriphenyl-
. phosphorane afforded directly the tribenzyl ether of show-
domycin (4)‘5~ ) ~

st
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In addition to the total synthesis of C-nucleosides, -
chemical modificationson the sugar moiety héve been . ¥

reportedss’°7 on fofmycin (1a).

Formycin was reacted with 2-acetoxyisobutyryl bromide
to give an ihéeparable mixture of 2'-0O-acetyl-3'-bromo-
3'-deoxy-B-D-xyiofuranosyl and 3'-0-acetyl-2'-bromo-2'-
deoxy-p-D-arabinofuranosyl nucleosides (72, 73). Brief
treatment with ammonia of the mixture of (72) andN(fS) removed

the acetyl groups.The resulting isomeric 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 blocked bromo acetates (72) and (73), followed

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

0
o-'d 72 R -M-,zc- 74 . R"=Br
Ac 76, R"=R'sH

s -

2 1.‘

73, R’ -Mozcg 75,R"=Br
77, R"sR' a4

e St
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Other chenucal transforma®ions of formycin (la), led

6o
to selenoformycin B and related derivatives , and selective

‘ ¢9
: alkylation to the monomethyl de}'lvatwes 7- amlno 2-methyl-
3- (B -D- r1bofuranosy1)pyrazolo[4 3- d]pynmidme (79) and
7-amino-1-methyl-3-(B-D-ribofuranosyl)pyrazolo[4,3-d]pyrimidine

\ -
(80). : -
h x
t \_v‘; -
2 ) NHg NH,
N - I ‘ - —Me
-* M. '
< HO ' HO ~*  Ho
. [}
4 HO OH HO OH HO OH
' . ) - R4
1a 7 ; . -%0
(:) : w3 .

- ' :
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Chapter II

4

a) Aﬁms of the project
[

This thesis is part of a prOJect towards the development )

of a general synthesis 6f C-nucleosides. Previous studies
? A : 70 1 71
concerning this subject include a thesis . and publication
)

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

’ v -

~ Firstly, separation and identification of the Diels Alder
reaction products at the beginning of the sequence (scheme I),

subsequently found to be II and III. ,

/
{

Secondly, the elimination of nitrous acid by means of P

1,5-diazobicyclo[5.4.0)undec-5-ene from the endo nitro ester IVa,

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

condition were to be modified in such a way that both isomers

give high yields of the olefin VI.

1

Thirdly, since the a-keto ester acid VIIi is a valuable

. . . . 65
intermediate which could make C-nucleosides °

accessible,
the synthesis conditions were to be optimized. The reported

70 '
yield of 32% was increased to 84%‘ by working at optimum pH

-~

during extraction procedure.

-
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b. Results and Discussions ;
N R 73,74 ’
Methyl f-nitroacrylate °’ was prepared from 2-iodo- '
3-nitropropionate, as described. Upon treatment of methyl- .
B-nitroacrylate (I) with 4 equivalents ,of furan at room -

temperature overnight, crystals separated out (17% yield),
later identified to be the endo-nitro isomer II, m.p. 66-67°.
Evaporation of the excess furan afforded.the oily exo isomer
111 in 55% yield. The structural assignment of the isomers II
oo and III wds based on p.m.r. spectral datif/ Separation of the I
esters allowed for complete analysis of the p.m.r. spectra of

the isomers., Considerable differences were noted (Table I).

|
The signal most useful was the proton a to the carbomethoxy group

observed as a doublet at 3.20 pPpm (J3 2 2 Hz) for the endo 2-

nitro ester II. Similarly, the corresponding proton H,-exo
+at 3.90 ppm for the exo 3-nitro ester III shows a difference

in chemical shift, with the exo proton being downfield, most

likely an effect of the 7-oxygen atom producing a deshielding .

effect76‘ Chemical shifts and coupling constants for the

. F . .
isomers are given in table I. ‘

P i
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. . ‘ Scheme 1

% %
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1 RO » RO
v ~°2

COyMe
V. R=H

. RR=C(Ms), ‘: R;:Z(Nh)z
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TABLE I 1

P.m.r. parameters for II and III

Compound " Chemical shifts ;
' ) {
' OCH3 <« H-1 H-2 H-3 H-4 - H-5 H-6 s
11 (endo-2-nitro) 3.80s 5.56dd 5.47 dd 3.20d 5.30d 6.70dd 6.35 dd
. Ji,6 1 J2,12 3 Js,u= 0 J3,4= 0 Js,6= 6 Js,6= 6 ‘
e _ N 1
’ Jir2 3 J2,5® 2 Jyz,s™ 2 Jass™> 2 Js,u= 2 Jer1= 1
A = i
IIY {exo-3-nitro) 3.72(s) 5.32 dd 3.90dd 4.82d 5.4 broa- 6,55 d .
. ) dened ©
o ‘ 6.55 d '
s ‘ ~J;s‘f' I J3,2% 4 Jg,2= 3 Juys™ 1 Jg,670 Js,e=0
Ji,2= 4 J2,3= 3 Js,a= 0 Ju,9= 0 Js,u=l.  Jey,=1
Spectra are recorded in deuteziochloroform : ;
Chemical shifts are given in §, coupling constants in Hz. . ¢
., ; - P :
. — . :
- i




Tt e et /‘f i T e Latas ot
r ~ ® - }\” -
’ I .
~ =30-
, .
- (J ‘.\ “ \
The exo-nitro isomer, III1 was uséd by Lim* as an inter-
: b,
mediate in the arabinose series outlined in Scheme II,
! i
> confirming the stereochemical assignment.. . ,
: .
. Scheme 11
" ’
Ll & N 53
‘ \
: i o
” - NO NO, -
- . ——
v * COqMe COZ&D
m . Re=Mél ]
v /(/ S
~ $x
{ -
H NO, HO;
e ! ‘\
‘ ] ’ HO 002MG
0 .

r

» . PO , (-
M.I. Lim, Ph.D. Thesis, 1976. 4
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. The ratio” olefiﬁw'!l.(zsﬁ) to dimer VII (45%) was less

.favourable,vwhen nitroué acid was eliminatedlfrom the endo-

~

Exd;cisfhydrox§ﬁa€ion of the isomers II and III yith
75

, hydrogen peroxide and a catalytlc amouat of osmlum tetroxide

gave the crystalline diols 1V, mp 168 170°,and v, ‘mp 145-147°.

,
* ! /
, » a
. . VA

The assignment of the isomers was confirmed at this stage.
f '
It is known, that the coupling constant of endo protons with

{

the brxdgeﬁhéad proton im bicyclo [2.2. 1] heptane derivatives
i§ oiose to zero %, whereas the coupllng constants of an exo

proton should be of 31gn;f1cant order of magnitute (J = 4 Hz).
i

N

One would therefore expecgfthat the low field proton a to the
nitro group in V should appear as a doublet, and in IV as a
doublet.of doublets, or a tripletf We found tha thg low ’/
f1eld proton a ‘to the nztro~grogp appears as a do let in ¥V

:

and as a trlplet in 1IV.. ) ‘
Treatment of IV and V with acatone/dimethoxyprOpane ‘
in the preesence of p- toluenesulfonxc "acid for several ¢
Y _ , e
" hours resulted in a goo? yield af the correspoqﬁing;iso-“ , .

-,’ - . ®
propylidene derivatives IVa and Va.

Elimination of nitrous acid by means of 1,5-diaza-
bicyclo-[5.4.0]undec-5-ene in ether,at 0° from the exo-

nitro-ester Va gave 60% of. olefin VI and 8% of dimer VII,

nitro ester IVa. . ‘ //3

.
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TABLE 11

P.m.r. parameters for IV -and V

_Coapound

b A T e

Chemical shifty .

OCH, H-1 H-2 H-3

(endo~2-nitro) 3.72(s) 4.55 44 3.7-3.84d 5.184d
Jis2= 6 Ja.~ 5 Jasa= 5
Jisg® 2 Jy4y= 2 Jesa® O

(exo-3¢nitro) 3.72(s) 4.65dd 5.35¢t 3.42°4
J122a® 5 Jy1,= 6 Jysa® §

> }

Jrse™ 2 Jysa= 0

Jas3= 6

¢

Spectrs are recorded in nuso-d,

* Chemical shifts are given in &, coupling constsnts in Hz.

B4 H-S

4,72 & 5.98 4
Jurs® 2 Jg,e%6

Jyss® 0 Iy, ,=C

4.48 4 3.78 4
Juss®™ 2 Jg, "8

Jess= 0 J4,,=0

A

H-6

"3.78 4
Jei5=6 ,

J¢s,"0

O

4.02 4 -

Jgog=8

Jes1*0

s
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viriety of experimental conditions were studied, to )
improve thé yields of olefin from both starting materials | |
at the expense of the unwanted dimer formation. Tﬂis was

finally accompiished by adding the nitro-ester IVa and Va

into a refluxing solution of DBU in ether. The yield of )
olefin then reached 80% (from IVa) and 72% (fromVa ).

Only tgaces of dimer VII were identified by t.l.c. . 1

r
The structure and stereochemistry of the dimer VII

was determined, by p.m.r. and chemical transformation, and

probably arises in the following manner:

O0OMe

. . “"’Oc
o Me0OOC 3( Me0OOC °)< 0o 3§
- o °
‘\—m NO; N0z
y o ‘ | COOMe COOMe

vi vi

It is known that prot&ns o to a nitro group are more

acidic than protons a to a carbomethoxy group. The fact

that the exo nitro isomer (Va) tform olefinic esters readily

is probably due to the better accessibility of the exo ?roton
o to the carboxymethyl group. In the case of the elimination
of nitrous acid from th% endo nitro isomer (IVa), it appears
that some olefin ester (VI) is formed,‘but that it is consumed

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

of the carbanion a to the njtro group, since the hydrogen is

the more acidic and more accessible one.

.
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The protons of olefin VI were assigned on tﬁe basis
Cons The H-5 endo and H-6

of known bicyclo[2.2.1] sys
endo protons gave a single signal at 64.42; the pridgehead
proton H-1 showed downfield at 65.00 (s). The sigial of the
proton at 6;4 (64.90) is split into a doublet (J = 2 Hg)

due to coupling with the olefinic proton at C-3, §7.02

(J = 2 Hz). w

The protons H-5 and H-6 of dimer VII can reé&ily be
discerned from proton H-5' and H-6' of the saturated portion.
~0ne of these resonances occurs at a position very close to
“that of the-unsaturated monomer and wa; assigned accordingly.
The H-5-endo and H-6-endo protons resonate as a single peak
at 84.42 and the H-5' endo and H-6' endo at 6§4.50 as equally
sharp signals. The bridgehead protons H-1 and H-4 appear as
a singlet at 64.97 (J=0).

The proton H-1' resonates downfield from H-4' due to
the deshielding effect of the enﬁp methoxycarbonyl group.
H-1' is split into a doublet (J=6Hz) by H-2'-exo, 84.70.

The H-4' bridgehead proton occurs at a singlet at 64.20.
since the coupling constant of endo protons is close to zero.
H-3'-endo is split into a doublet by H-2'-exo, the coupling
constant is difficult to measure, since one sigﬂal occurs at

abou? the same value as the methyl ester group, which can ‘be
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\ /4 | )
observed as two magnetically different\groupé having
a small chemical shift (n1 cps) which ingreases to 6 cps
if benzene-d6 is used as a solvent. H-2' exo, §2.95
(t, J=6Hz) is at highe? field than ghe other protons
(except the gem-dimethyl) since }t is not deshielded by

the maénétically anisotropic double bond, which is approx-

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

tion is split into a doublet. Coupling between ‘three none-

quivalent protons could give rise to an AMX spectra, which
. . . 77,78

consists in theory of three quartets, or 12 lines ' .

Three coupling constants are involved in the spectrum, the

_interaction H-2' exo-with H-1' 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 Jl and J Coupling constants J and

l2l 2l3|' 1'2'
i
Jyi3+ could be expected to be slightly different but the

resolution’of the instrument available was \insufficient to '

separate the two central peaks.

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

— .

with the methoxycarbonyl group in the exo position, the p.m.r.

g spectrum should have shown two singlé peaks for the bridgehgad
protons C-1' and C-4', which was not observed. Similar reason-
ing may be applied for the assignment of thé peaks of the

( = isomer in which the groups at C-3' have been inverted. .

e o
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The saturated dimer was prepared by catalytic
reduction of VII with Pd on charcoal. The relative
configuration at C-2 andf C-3 can be assigned on the
following basis. In the process of catalytic hydro-
genation, absorption o%;% molecule on the catalyst
occurs on the least hin@gied side, followed by delivery
of hydrogen to that side79. Hence the C-2 and C-3 hydrogen
atoms must have the.cis relationship. The p.m.r. analysis
of VII is simplified, since after reduction fhe protons of
both rings have similar chemical shift values. The signals
most useful were the carbg§ymethyl este; singlets observed
at § 3.60 and & 3.65.

These methyl groups occur at different field strength,
suggesting that after hydrogenation one of the ester groups

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

_know the coﬁfiguration‘of the ester group in the saturated

part of the dimer VII to be in the fen position, it can be
assumed that the C-2'-ester group of the saturated dimer is

in the exo position as shown.

NN ke e 2

The remaining sbectrum of IX can be analysed as follows:

The protons at C-5 and C-6 and C-5' and C-6' ar gnetically

equivalent. The chemical shift values were esseﬂ}ially the
same as the ones observed in ‘the much simpler unsaturated
dimer H-5' and H-6', 84.50 (s) and H-5 and H-6, 64.42 (s).
The bridgehead protons H-1 and H-4 gave a single peak at
64.65 and 64.20. The bridgehead proton H-4' o:curs down-
field due to the vicinity of the Z-enéa carboxyl éroup. |
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This interac¢tion can not take place with the proton
at C-4, since the ‘exo methoxycarbonyl group at C-2'
points away from the hydrogenated ring. H-2' exo is

split into a doublet of doublets by H-1' (J =6Hz)

o

12
" ‘and by H-3' (JvS5Hz), it occurs at lower frequency (63.0)

than the remainder of the spectrum, which consists of

—— PR

a broad hump attributed to C-3', C-3 and C-2 endo protons.
From the knowledge of the factors influencing chemical

shifts it is not surprising that these hydrogens have

similar chemical shifts, resonating in the 2.2-2.6 ppm

region. .

Large shifts of proton resonances may 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

susceptibility of aromatic solvents. .

When the spectra were dftermined in benzene d6-
solution, as opposed to the deuteriochloroform, essentially
the same resaI{s were obtained, except tpat the C-5 and C-6 «
prisiin 1w VI, VII lnd(_l_x_ forx a symmetrical quartet of the

20
easily recognizable AB type . This shows' that benzene can

be a useful solvent in inducing .chemical shifts between protons

-

which otherwise have acciden?flly the same chemical shifts. r
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TABLE IT1 -
. - CMEMICAL SHIFTS FOR 7-OXABICYCLO [2.2.1] HEPT-2-CARBOXYEATES
. s o " ) R N 7’$ng
_F
. ‘ B B B H H H L H B 4 H H-
. 2 3 4 3 6 LI Y 3 "4 st

A vI 5.10(s) - 6.60(d) 4.60  3.95(d) 4.25(d) - - . .

- Jo2lz Jelfz :
e vir $.10(s) - . $.00  4.57d  4.324 4,57  2.78t 3.97  4.12  4.25(s)
E.f*,. :‘; h . < —— .
e - b LS
‘ ) JeSH:  JeSHz JeSHz
- ) . I 4.6t
& IX  4.4-4.6% 2.3-2.5° 4.4-4.6% ° 4.724  4.484 - 4.32(3) 2.25-2.90m 2.3-2.50

< -
- - .

- o .

EN

‘l

\

O-Cﬂs gem (CHy)

T~

3.40(s) 1.25(s)
1.57(s)

4.25(s) 3: £s)1.60(s)

1.30(s)
1.55(s)
-3.35(s)1.28(s)
1.15(s)

T 3.30(s)1.60(s)

&

3.22(s)1.28(s)

MR-Spectra were determined with a Yarian A-60 spectrometer using TS as intermal standard, recorded in buzuc-t‘

*estimsted, since no individual values were ob:cmblo.
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TABLE IV.

'
B

. N -
CHEMICAL SMIPTS POR 7-OXABICYCLO [2.2.1] HEPT- 2<-CARBOXYLATES

- ”
ux uz 1 ll’ ll‘ HS‘H‘ Rl [} Rz' H, 1 a‘ [ ns |‘u‘ [l 0‘&3
t\’ . ) ®
\’1/
yr  5.00(s) -. 1.054 4.90d 4.42(s) - - - - T . 3.78(s)
. Js.4 ™% Jazms ) i
¥
@ié
VII 4.97(s) 2 F ) 4.97(s) 4.42(s) 4.704 2.95¢ 3.88d 4.20(s) 4.50(s) 3.9%(s)
R ‘
N JebHx Je6Hx Jnbuy Vo
ix 4.65(s) 2.2-2.6* l.;O(sj 4.82(s) 4.78a 3.00(m) &2-1.6‘ 4.60(s) 4.50(s) 3.60(s)
' - 3.70(s)
. JubHzx

- L .
MMR-Spectra were determined with & Varian A-60 spectrometer usiag TMS as intsrnal standard, -
recorded in deuteriochlorofora, - '

‘ .
*estimated, since no individual values were cbservable.
o

- cm——

. 7

cay), .

1.35(s)
1.50(s)

1.80(s)
1.35(s) -
1.45(s)
1.30(s)

...Ov-

1.48(s)
1.30(s)
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(: Syntheses of showdomycin and pyrazomycin have been !

mediate the keto ester (58) (Chapter I). As yet details

briefly reﬁorted by Farka¥ et al., and involve as key inter-
and yields of this process have not been disclosed but the 5

\
conversion of 58 into showdomycin required a six step

sequence.

Above we described an efficient route for the preparation

of olefin VI in which the hydroxyl groups are protected as an

isopropylidene ketal. At this point, we looked for an oxida-

otk S 1 2 QNI SRR ) S S e

tive procedure to generate the structural features of a keto i

an nga,

/ ester containing compound on which we dould build a. C-nucleo-

side ring system. The use of a modified ruthenium tetroxide %

60 81 .
catalysed oxidation °’ gave a crystalline product, m.p.

114-116°, in high yield (84%) after one recrystallization

B
~

from acetone/hexane. The acid keto'ester VIII met the stereo-
chemical requirements as key intermediate for the synthesis

of C-nucleosides, the acid group being cis to the a-keto ester.

As we were concerned with the total synthesis of C-nucleosides,
we attempted the resolution of 3,4-0-isopropylidene tetrahydro-
furan-ﬁa,4u~diol-58-carboxy1ic acid-28 (methyl g}yoxalaté) VIII.
This was accomplished by recrystallization of the L-strychnine
salt from isopropanol, as indicatedlby attainment of constant
optical rotation [G]Dé°'7.1°a Regeneration of the free acid

by iqp exchange column (Rexyn 101-H) gave an optical rotation
of [a]D,,-3.2°. , '

{
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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. which showed in deuterated DMSO >
or acetone-d6, two peaks in the region of dbsorption of the
methyl ester , this indicated that the free acid was present

to the extent of only S50%.,

CO,Me

2

am{-o P 02Me
0 ) OH

1

§

The work that is detailed in the next chapter became
 of more immediate interest to us at the time and these
' studies were discontinued. However, the synthetic iﬁportance
of an a-keto ester acid was shown by*a colleague in tﬁis

110
laboratory . . . &

o

- P L ' Fpr T eartnma s 4"
. LA T N I {
toet s rer 02 B T el ._néu;ﬁ},s’! 3& .




Mg b e - - e dp et A R B bty e

‘-43- i 3

Chapter 2

Experimental

Melting points were determined on an electrothermal

block and are corrected. P.m.r. spectra were recorded

on a Varian Assoc1ates A-60 spectrometer. IR sbectrq '

T

1 ﬂ were obtained on a Perkin- Elmer .237-B spectrometer.
- -
u.v. -spectra were recorded q? a Bauséch § Lomb 505 spectro-

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

i ﬁ
i Laboratories Inc.,’ Skokie, I11., USA.
; ‘ | '

.
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A stirred solution containing 86 g (1 mole) methyl

acrylate and 252 g (1 equiv) of iodine in 1 l"gf ether
§ was cooled to 0°. The reaction systemlwas'protected with
a Dry-ice/acetone condenser and a dryiné tube. Freshly
condensed dinitrogen tetroxide'(46 g, 0.5 mole) was added
through a dropping funnel over’a period of 1 hour. The
reaction was stirred for an additional 2 hours at 0°. ]
N The ether solution'was washed until colourless with a 15%
sodium thiosulfate solutiohn, subsequéntly washed with aqueous
sodium bicarbonate, water Anh then dried over magnesium sulfate.
The brown oil (140 é, 54.2%, 111:.7-3 75%) obtained on evaporation

of the ether.at 20° was used without purification.

I.r. (£ilm) 1740 em™! (C=0), 1560 cm™' (NO,) 1370,

1385 cm™? *(CHy)

P.m.r. (CDCly) "83.82 (s, 3H), 4.58 - 5.15 (m, 3H).




~

7».') @ .

:g . Mekhyl S;hifrﬁacfylate (I)( ‘

¢ N . - . x

’ Methyl 3- n1tro*2 1odoprop10nate (250 g, O. 97 mole) was v

' added dropw1se to a stirred: suspens:on of anhydrous sodium
) acetate (80 g, 0.985 mole) in €thyl ether (1 Z) under a ;

i nitrogen atmosphere, at 0°. After the add1tion was completed

’ _ the mixture was stirred at .room temperatumw for one hour, then ’

refluxed for 3 hours. After cooling to 5°, the sodium iodide <

and sodium acetate were filte}p& off. The ether was washed

with 2 N sodium bicarbonate, dried over sodium sulfate and
‘concentrated to dryness,o The re51due solidified on coollng
~ and gave 120 g’ (94.5%) yellow crystals mp: 35-3{', 1it.”"
st
: 387, o ' .
% ) (KBr) 1730 “em™t (C-O), 1540 cm'1 (NOZ), 1645 cm fiég-C},
i -

1350 em™t (CH

"Pum.r. (CDC1,): 6 3.91 (s, 3H), 7.15.(d, 1H), 7.80 (d, 1H).

1

? ‘\ f . - 0
. .
TR M T T ety e« o
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Methyl trans-7-oxabicyclo[2.2.1]lhept-5-ene-2-endo-nitro-3-

carboxylate (II) and Methyl trans-7-oxabicyclo[2.2.1]hept-5-

ene-3-exo-nitro-2-carboxylate (111). . k¥

Methyl 3-nitroacyylate (I) (120 g, 0.91 mole) and an

o

excess of furan (270 g, 4 moles) were stirred overnight
at room temperature. The excess furan was evapora;ed under
reduced pressure; add;&ipn of ether afforded I1I, 31 g (17%)
mp:_66-67°. | )

A

) f
I.r. (KBr): 1730 (C=0), 1540 (N0,), 870 cm™ " (C-N).

\

P.m.r. (CDCL): & 3.20 (4,J=3Hz, 1H), 3.80 (s, 3H),
5.30-5.60 (m, 3H), 6.30-6.78 (m, 2H).

Anal. Calcd. for csubuos C; 48.24, H; 4.56, N; 7.03

“\Found: - C; 48.33, H; 4.77, N; 7.35.

¢
( The filtrate was concentrated to dryness; chromatography

on silicic acid with chloroform, gave 100 g (55%) almost

pure III as a colorless oil. ' o

I.r. (film): 1735 em™! (CO), 1525 (Noz), 1375 (cns),’
d .

4 hﬁﬁii 870 cm™* (C-N).
. 5 .

Pum.r. (CDC1.): 6:3.62 (s, 3H), 3.90 (dd,1H), 4.82 (d, 1H),
- e ,
o o '5.32 (dd, 1H), 5.50 (s, 1H), '6.53 (s, 2H)..
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Methyl exo-cis-5,6-dihydroxy-7-oxabicyclo[2.2.1]heptane-trans-

\
i
- \
* )
2 T s
-

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

The Diels-Alder adduct II (31.0 g, 0.155 mole) was treated

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

osmium tetroxide in 200 ml of t- butanol) and 3 x 6 ml of
hydrogen peroxide accordlng to the procedure of Danléls75
'From the reaction mixture, 8.3 g (50.5%) of IV, mp 168-170°,
was filteredtoff. Upon fufther evaporation, 5.0 g of methxl

S—nitréhcrylate, mp 35-37° was isolated.

\

I.r. (KBr): 3500-3200 (OH), 1740 (C=0), 1550 cm~! (No,);

P.m.r. (DMSO-dg): & 3.42 (d, J = SHz, 1H), 3.70 (s, 3H),
3.78 (d, 1H), 4.0z (d, 1H), 4.48 (d, IH),
4.65 (dd, 1H), 5.00, (s, ex.2H), 5.35
(t;, J = 6Hz, 1H§.
4
Anal. Calcd. for CgH ,NQ,(233.18): C, 41.20; H, 4.76; N, 6.01.
) ‘Found‘: C, 41.22; H, 4.80; N, 6.00.

~ . s ST - O U, - B
S AT S TF ORI AT e . RS L I . T
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Methyl exo-cigfs,6-dihydroxy-0—isopropylidene-7-oxabicyc10 .
[2.2.1]heptane-trans-2 -endo—nitro-3-cérboxylate (Iva). >‘

The diol 1V (18.3 g, 0.078 mole) was ,refluxed in a. mlxture
of acetone and 2,2-dimethoxypropane cont4zn1ng a catalytic amount

of p-toluenesulfonic acid with a Dean-Stark trap filled with
molecular sieves. At the end of the reaction, which was
followed by t.l.c., the mixture was evaporated and the residue
obtained was dissolved in chloroform, washed with water and i
donceqtrated. The crude product was crystallized‘from ether,

(20.5 g, 96%) mp: 90-92°.

I.r. (KBr): 1745 cm~! (C=0), 1550 cm-1 (NO,),» 1380, 1390
(gem-dimethyl).

P.m.r. '(CDC1,): & 1.30 (s, 3H), 1.47 (s, 3H, 3.35 (d, 1H),
3.82 (s, 3H), 4.42 (q, 2H), 4.82 (s, 1H),
4.87 (4, 1H), 5.40 (t, 1H).

-
-
’

Anal. Calcd. for C11 1S

NO7 (273.24): C, 48.35; H, 5.53; N, 5.13
Found : C, 48.59; H, 5.49; N, 5.21.
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i ' Methyl exo-cis-5,6-dihydroxy-7-oxabicyclo[2.2.1]heptane-

trans-2-exo-nitro-3-carboxylate (V).

The Diels-Alder adduct III (50 g, 0.25 mole).ﬁaé treated
with osmium tetroxide (30 ml of a solution made from 1 g of
osmium tetroxide in 200 ml of¢t-5htan01) and 3x8 ml of hydrogen
peroxide according to the procedure of Daniels’ .. From the
reaction mixture, 24.5 g (4?%0 of V, mp: 145-147°, was filtered
off. o

b
P

s

I.r. (KBr): 3500-3200 cm~! (OH), 1735 cm~! (CO), 1560 cm~?!
(NO,), 1360, 1380 cm (gem-dimethyl) .

L P.m.r. (DMSO-d(): 6 3.73 (s, 3H), 3.7-3.8 (dd, 1H), 3.98 (d, 1H),
3.78 (d, 1H), 4.55 (dd, 1H),  4.72 (s, 1H),

5.01 (d, 2H ex.), 5.18 (d, 1H).

st i o 5T

Anal. Calcd. for C8H11N07 (233.18): C, 41.20; H, 4.76; N, 6.01.

Found : C, 41.14; H, 4.68; N, 6.06.

&
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Methyl exo-cis-5,6- d1hydroxy -0-isopropylidene-7- oxablcyclo

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

The diol V (24.5 g, 0.105 mole) was refluxed in a mixtgre
qf acetone and dimethoxypropane containing a catalytic amount
of p-toluenesulfonic acid with a Dean-Stark trap filled with
molecular sieves. At the end of the reaction, which was
followed by t.l.c., the solvent was evaporated and the residﬁe
obtained was dissolved in chlorofornm, washed\yith water, dried

and concentrated. A The crude reaction product was recrystallized

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

I.r. (KBr): 1725~Y (coc), 1560~% (NO ), 1375, 1380 cm™! -

K

(gem-dimethyl).

%

P.m.r. (CDC1 § 1.30 (s, 3H), 1.45 (s, 3H), 3.82 (s, 3H),
3.95 (m, 1H), 4.23 (d, 1H), 4.42 (4, 1H),

4.80 (d, 1H), 4.90 (d, 1H), S5.00 (s, 1lH).

3)°

Anal. Calcd. cllulsno7’(273.z4): C, 48.35; W, 5.53; N, 5.13.
' Found : C, 48.19; H, 5.58; N, 5.06.

. . wpes W - ) (-2 .
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Methyl exo-cis-5,6-dihydroxy-0O-isopropylidene-7-oxabicyclo

[2.2.1]hept-2-ene-2-carboxylate (VI).

A sélution of 26.4 g of Va in 100 ml ether was added
dropwise to a stirred refluxing mixture of 29.3 g?(1.93 mofle)
1,5~ d1azab1cyclo[5 4.0)Jundec-5-ene (DBU) in 500 ml ether.
After completed addltlon, the reaction mixture was cooled
filtered and the filtrate washed with 2N sodium bicarbonate
solution. The organic layer was dried over sodium sulfate
and the crystalline product, obtained on evappration, was
,crystallized twice from ether. Yield: 15.0 g (80%),
mp: 118-119°.

I.r. (KBr): 1720 (C=0), 1610 (C=C), 1380, 1370 (gem-dimethy1)-qf?
1065 cmn™Y (C-0-0);

P.m.r. (CDC1,): -6 1.32 (s, 3H), 1.50 (s, 3H), 3.75 (s, 3H),
4.42 (s, 2H), 4.90 (m, 1H), 5.00 (m, 1H),
7.05 (d,J = 2Hz, 1H). : -

Mass spectrum 70 e.V. m/e 211 (M+'CH3) 126,100.

Anal. Calcd. for. 011H1405 (226.23): C, 58.40; H, 6.24.
' ' Found : C, 58.20; H, 6.39.

-
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Dimethyl bis(7-oxabicyclo[2.2,.1]hept-3,3'-yl)2-ene-trans 2'-

endo-2-dicarboxylate (VII).

An ether solution of protected diol IVa (18.0 g, 0.066 mole)
was treated with 1,S-diazobicyclo[5.4.0]undec-s-ene (14.5 g,
0,095 mole) at 0° for one hour. After work-up the crystalline
;esidue was chromatographed on silicic acid using benzene/ethyl
acetate (95:5) ;; an elution solvent. Whe first fraction 4.2 g
(28%), was identified as olefin VI. The major product (VII),

which eluted later, crystallized as colorless plates, mp: 169-171°

(6.8 g, 45%). ! C)

Under the above reaction conditions using diol Va (exo;pitro
ester), a mixture of olefin VI (60%) and dimer VII (8%) was
obtained. The dimer proved to be identical in all respects

with the sample obtained from the endo]pitro ester IVa.

I.r. (KBr): 1735, 1720 (€=0), 1640 (C=C), 1370, 1380,
i%
(gem-dimethyl), 1070, 1075 ecm™! (C-0-C).

LA
h
o

P.m.r. (CDCIS): see table II11I.

4

Anal. Calcd. for Gp,Hpg01, (452.44): C, 58.40; H, 6.24

~ Found : C, 58.66; H, 6.27.
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Hyd:ggenatioﬁ of VII. ; \

(
904.8 mg (2 mmole) of VII were dissolved in 50 ml of -

Wi

absolute ethanol and hydrogenated at atmospheric préSsure

hydrogen uptake of 1'eqqiv.‘in 30 minutes, the catalyst was
removed.by‘filtratioﬁ; and %he solvent evaporated under
reduced pressure to leave 900 mg of a crystalline solid.
The crude product was purified by éry§téllization from

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

I.r. (KBr): 1745 (C=0), 1380, 1375 (gpm-dimethyl).
1060 cm™! (C-0-C).

P.m.r. (CDClS): see Table IV.

-

H
i
, , !b
over 100 mg of palladium on charcoal. After quantitative '
. ,
)ﬁ
woF o ,

An 1. 1 [ ] C 1 : . .. L ] L
al. Calcd. for 22H30010 (454.46): C, 58.14; H, 6.65
Found : C, 57.91; H, 6.93.
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Methyl 2-(48-carboxy-2,3-O-isopropylidene tetrahydrofuran-3a,4a
-diol 18-yl)glyoxylate VIII. '

Sodium metaperiodate (10.7 g, 0.05 mole) in 100 ml acetone-
water (1:1) was added over a period of 3 hours to an acetone
solution (100 m1) of the olefin V (4.5 g, 20 mmole) and 0.67 g,

) 82
5 mmole of ruthenium dioxide w1th stirring at room temperature.
The excess of ruthenium tetroxide was reduced with 1sopropy1
alcohol and the reaction was worked up according to the procedure

,81

L} .
of Piatak ‘to’ give VIII in 83.5% yield. The compound was

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

I.r. (KBr): 3500, 3320, (OH)}h 1750 (C-O), 1390, 1380 cm™! S
(gem- dlmethyl),
,
P.m.r.((CD;),CO): & 1.35 (s, 3H), 1.55 (s, 3H), 3.82 (d, 3H),
.4.50-4.70 (m, 2H), 4.90-5.35 (m, 2H),
6.67 (broad s,lsﬂ, ex.);

Mass spectrum (70 e.V.) m/e 274 (M*), 259 (M* - CHS)’
231 (o >- CHy-CO). |

Anal. Calcd. for 011H1408 . HZO (292.24): C, 45.21; H, 5/52.
Found : C, 45.46; H, 5.54.

( :
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‘Resolution of the l-strychnine salt of Methyl 2-(48-carboxyx

2,3-isopropylidene tetrahydrofurah 31, 4a-diol 18-yl)glyoxylate.

A solution of this salt was prepared by dissolving 876.7 mg
(3 mmole) of \_/_1_1_1_ and 1.003 g (3 mm‘o\le) of 1-strychnine in 25 mi
ethanol, .Addition of 10 m?l of ether déposited 520 mg‘of crystals,
which w;re crystallized from isopropanol ([a]ﬁS -6.6°, ¢ = 1);
recrystallization from isopropanol gave a rotation of [a]f)5 -7.1°,
(c = 1, ethanol), which remained unchanged after ﬁurther recrystal-
lizatiggs. Regeneration of the free aeid by means of an ion-l
exchange‘column‘(nexyn 101 (H)) left 200 mg of one antipode of
VIII, (rotation [a]gs -3.2°,c = 2). In order to obtain the
dextrorotating antipode, the mother liquor (30 ml of ethanol/ether)
§ from the first crystallization of the Z-strychniﬁe salt was concen-

; trated to 5 ml, left standing overnight at 5°C and filtered. |The

| S filtrate, after rémoval of 7Z-strychnine, yielded 100 mg of resinous
acid VIII, rotation [G];S + 2,3°, ¢ = 2 ethanol). /
I’
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(} | - Chapter III

s A reinvestigation on the periodate induced deformylation

of 3,4-0O-isopropylidene 28, 58-bis (1',2'-dihydroxyethyl)

N
PR Y QO g by o o b Gt W g1 et 2 . - \ J T it ot o2 SR ]
/
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. V !

“

tetrahydrofuran-3a, 4a diol. .

?

1. Aims of this project.
’ . R . . (70,71
2. A reinvestigation of the published synthesis ’
of 3,4-0-isopropylidene-2,5-anhydro-D,L-allose.
A

WMW;W"'“"TT‘?_?hﬂ,— - emeen
PO

3. New synthgsis of the key intermediate 3,4-0O-isopro-
pylidene 28,58-bis(1l',2'-dihydroxyethyl)-tetrghydro-
furan-3a,4a-diol VIIT. '

4, An alternative synthesis of the expected periodate

cleavage product: the diol aldehyde as heﬁike;al
XIII.

5. Characterization of the lactones XV and XVI with

special emphasis on stereochemistry by p.m.r.

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

Recently it was reported”’71 that treatment of the ’
tetraol (VIII) with sodium mépaperiodate did not give the
. expected hydroxy aldehyde-hemiketal (XII) Bu; instead,
’ 3,4-0-isopropylidene-2,5-anhydroallose (XIII). «

2

t

Vi

=

T xm

Since there is no precedent for this type of non oxidative
70
climination of formaldehyde from the tetraol VIII ,
70
a mechanism was postulated by Martel . This mechanism is

based on the formation of tridentateﬁéomplexes of perio&ates.

: .
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. After a normal cleavage of formaldehyde to give VIIIb, :the

? remaining free hydroxyl is then complexed with iodate |
A 1 i

_(103'). Furthermore one hydroxyl group of the iodate
¢ » :
may form a hemiketal with the aldehyde group to give
&

4

(T IR

. } ‘. '
a species of type VIIId, followed by an hydride §hift of the
hy&rogen,from the hydroxyl group to the hemikgtal; as

represented by VIIle. Then the right-hand side would cleave

. in the normal fashion to give VIIIc. ¥
) 0 1

[ L S T

A

The validity of this'proposed mechanism coélg therefore
be checked}?y g€xchanging the~hydfoxy1 groups with deuterium,
‘and repeating the elimination with sodium metaperiodate in

deuterium oxide, The anhydroallose formed in the reaction

1

should contain deuterium.

o

At this stage we felt that a more detailed investigation '\/
, p )
of the reaction pathway would be justified. A further proof
of t@e yaligity of the above proposed mechanism could be

I3

accomplished by an unambiguous synthesis of the intermediate

aldehyde-hemiketal (XII), followed by the treatment with 103’

1

;}(Step VIIIb via VIIId to VIIIc).
el E ) . ‘




R o

Frd

o Ao SR S LN SO ot s e

P N L LI > et st

-60— “ Al
Vs . o PN . A
' ;
!
2. A relnvestlgatlon of the synthe51s of 3,4-0-isopropy-

s 72 =
lidene 2,5- anhydro -D,L-allose XIII .

g .

-

g
The olefin diester 1I1la was prepared from the known adduct

of furan and dimethyl acetylenedicarboxylate Il as a startlng

material’’. The mono-adduct’ I is well .aut:hent1cat:e&.'.“us an

was obtained as an oily emixture with traces of a dimeric product II.
Without separation the mixture was submitted to a catalytic

osmylation reactlagj !éﬁ give the diol dlester III and impurity IV.
Triatment of II1 and IV with acetone/dlmethoxypropane in \he

presence of p-toluenesulfonic acid gave the corresponding iso-
prOpylldene derivatives IIIa and IVa. The mixture was separated

by chromatography on 5111c1c ‘acid and resulted in crystalline, '

~

analytically pure products.

The cis- hydroxylation wlth osmium tetroxide could give e1ther
exo or the endo product.s. However, there ﬁs:&f%al examples
of this type 0§J0x1datlon on similar systems and the products
have been identified by p.m.r. to have the hyd;;xyl groups in
the exo configufation. The structurdl assignment of Illa
was readily establxshed from the multzpllcitx of the signals
by p.m.r. 1In the exo- hydroxylated product the dihedral angles

between the bridgehead (HI, A ) and ‘the endo (H H ) pfotons

90,91,
are close to 90°, resu1t1ng 1n near absence of coupling . |

i w2 wx;mﬁ%ﬁ%‘??‘? ff‘ﬂf, . LR
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; In the endo-hydroxylated product, however, -the bridgehead !
protons (Hl, H4) and the exo-protons (HS, Ha) require“ dihedral |
angles of approximately 45°. This would result in a significant |
- coupling constant, J, ¢ J4'5"§" 4Hz. . éf' o
: z
B, N
% : i
| Scheme 1 “ S
¥ ' .
1 .
., . .
¢ 9 O Me ’ -
L | Me , |
: + COyMe .
3 CO:M. ' ) . ’
Y ! ' ' ' ’ ‘
b q}, 4
» ' .
" o ‘ - N
1 R
- RO coMe O .
i RO. . 4 RO ,
¢ 2”‘
i I ReH IV.R =H
s, R\R= C(Me) . RR=C(Md),
- 2
X ‘
; 7 e T
] /,
) In the case of the dimer IVa, the endo-protoss [(Hg, H) '
(\; and the bridgehead protons (Hlo," H 4) ‘appg«at\ as[&inglets.
‘. *
i ! ,
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Absence of couplﬁng between the bridgehead protons

(Hl, H4) and the ring juncture protons (Hz’ H3) confirms

the ringgéuncture stereochemistry of IVa as having the endo-exo-
93 . A

configuration . In contrast, the bridgehead and ring-

juncture hydrogéns H ﬁ7 and HB, H3 require a dihedral

2"
angle of approximately 45°, resdlting in a significant

coupling J2’7 Js,e' 4.9 Hz

] Subsequent to the complétion of this research, a study
of the influence of Lewis Acids on the Diels-Alder reactions
‘of furan with dimethyl acetylenedicarboxylate was published
by another groupss. Dimer II was first identified by Slee

LK}
. and LeGoff .

" Ozonolysis of 1I1Ia gave a cf&stalline ozonide (mp: 79-81°),

to which structure V was tentatively assigned, based“on similar

70,98 >

ozonides &

e SRR SRR
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Reduction of the ozonide V using the condltlon described
gave a mixture of the required product (by mass-

70°

by Martel

spectrometry) and unreduced ester as determined by its p.m.r.-
spectrum, which showed a ratio of acetate to isopropylidene
protons as 1:1 and a carboxy-methyl group at § 3.80 typical

The reduction of the ozonide was

for the starting material.

then carried out under more drastic conditions by refluxing
in tetrahydrofuran and direct acetylation of the reaction mixture.
This resulted in a 40% yield of the tetraacetate VII.

Elemental analysis and spectra data agreed with the structure

70

proposed by Martel

Scheme 2
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Cleavage of the tetraacetate VII with sodium methoxide

in methanol resulted in two productg VIII and IX, which

were readily separated by column chromatography on silicic

acid.

Scheme J

*ﬂ::’m

OAc OAc

Vil

#

+

* isomer *
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70
in aqgfous solution gave the originally expected dihydroxy

v

aldehyde hemiacetal XII and one mole of formaldehyde (dimedonel
derivativef. Thin-layer chromatography indicated the”absgnée
of 2,5-anhydroallose, prepared by an unamﬁiguous route .

However, oiidativeﬂcleavage of the "isomer IX", wusing the i

Oxidation of tetraol VIII with one mole sodium-periodate

e TR Pt o

N tantn s 4

72

above conditions, resulted in the formation of 2,5-anhydro-
) ' / &

allose in 80% yield/_and the liberation of one mole of

formaldehyde (dimedorie derivative). The 2,5-anhydroallose

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

*with the compound obtained from the allose prepared inde-

72 Y
pendently .

€,

Scheme 4 .
HO ;
o H
¥
. vH xn
H
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3. New synthesis of the key intermediate tetraocl VIII.

Since none of the steps dgscribad for the synthesis
of VIII or "isomer IX" could gé improved any further and
since larger quantities were required to study the mechanism '
of the 2,5-gﬁhydroallose (5@1;) formation, we investigated

a different route, as outlined in scheme 5.

°

X
" Scheme §
{ co,M i

COaMe . ?
. Ru0O N.a“‘

, *‘ -——L X on. L . .

"COaMe
i ‘ Wa ) 4 .
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80,0
A ruthenium tetroxide catalysed oxidation "] of the

olefin diester IIla gave an oily diketo ester X.

<
¢

Reduction of X with sodium borohydride in refluxing iso-

propanol and direct acetylation gave the tetraacetate XI

in 58% yield, based on diketo ester X.

¢

It was noted, however, that chromatographically homogeneous

XI showed a slightly different p.m.r. signal pattern of the

g e AT WA RS T V1

) acetyl protons than the tetraacetate VII prepared according

to scheme 2, (page 63).
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Treatment of tetraacetate &1 with ébdi;m methqxide in ) =

methanol resulted in only one product which was identical

in all respects with VIII and”not a trace of "isomer IX"

was fou;d in the reactioﬂ mixture. Consequently oxidation )
of VIII, prgpared via scheme S did not give 2.5-anhydroallose

XII1I, but the expected diol aldehyde XII, as its hemiacetal

m.p, 138-140°. Since at this stage, we did not know thé .

sfrutturg of IX, we considered the possibility, that LX ‘ |
. was, some isomer of VIII, which gave rise to the unusual L

periodate reaction.

In any case it became necessary now, to modify the ozonide
5 : ‘ )
V reduction in such a way, that sufficient quantities of IX
could be isolated. |

As fifst approach we employed milder conditions than
' . - J

lithiym aluminum hydride:

'Réduction of the ozonide V with sodium borohydride in
' ' (ﬁréfluxing isopfopanol, followed by acetylation in pfridine%
resulted in formation of 69% tetraacetate which was idoﬁtical
in all respact; to XI (p.m.r., mass-spectrum, t.l.c. and i.r.).
A second compound was isolated in 15% yield, and was identifiéd
by i r., t.1.c., p.m,r., m. p. and m.m.p. as. the lactone XV

(;> | prepared via- scheme 8 (page 78).

)
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Hydrolysis of the tetraacetate XI obtained with sodium
borohydride reduction of ozonide V gave the tetraol VIII
and oxidation with periodate again afforded solely the diol
aldehyde as its hemiacetal XII as ﬁﬁﬁe;¥;§.

< ‘-,

Obviously, either isopropanol or ébdi&ﬁ\hgrohydride
. N ‘x“

d/" v

A\ s g

-

could effect decarboxymethylation of v.

L

" A possible mechanism for the ozonide reduction is outlined

in scheme 6. -The intermediate XIV could either - in the

presence of sodium borohydride - give the lactone XV or $
- in case of the lithium aluminum hydride reduction - yield
a triol XXI, which indeed may be postulated as the structure
of our isomer'lg (scheme 4). Thus, the sodium borohydri@e
reduction By-product. even thpuéh it was not the desired IX,

offered some clue for the important by-product IX.

> | | ~
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‘aldehyde as its hemiacetal XII as expected.

y )
Hydrolysis of the tetraacetate XI obtained with sodium

-
borohydride reduction.of ozonide V, gave the tetraol VIII

and oxidation with periodate again afforded solély the diol

~f

_ Obviously, either isopropanol or sodium borohydride

could effect decarboxymethylation of V.

4

A possibfe mechanism for the ozonide reduction is outlined

'in'scheme‘ﬁ. The intermediate XIV could eithef'- in the

presencé of sodium borohydride - give the lactgze XV. or

- in case of the lithium alumi;umhydride reduction -, yield

a triol XXI. which 1ndeed may be postulated as the structure
of our isomer IX (scheme 4). Thus, the sodium borohydrlde
reduction by-product, even though it was not the desired 15,

offered some clue for the impoitanf'by~ﬁrpduct'l£.
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.- To-prove the structure XXI (or IX) to be 3,4;0-isopropyli&6he

r28-(1f,2‘-dihydroxyethyl)-SB-hydroxymethyl-tetrahydrofuran 3a,"

°4a-di01 we synthesized it indepen&ently according to scheme 7.
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Ozonolysis of methyl exo-cis-5,6-dihydroxy-0-isopropylidene-
7—3xabicyclo[2.2.ljhept-z-ene—Z-cafboxylate'(Chapter II)vga§e
4n oily ozonxde XIX, which crystall1zed on stand1ng. éodium
'borohydrlde reduction and acetylatlon in situ, afforded the

triacetate XX in 62% yield, and the lactone XV in 5% yield.

y -

-

The triacetate XX was indistingu;shable in all t.l.c. systems J

tested from the tetraacetate VII (or XI) Sbtained via Scheme 3

(or 5). Hydroly51s of the triacetate XX with a trace of sodlum

in methanol gave a product XXI, whlch was* indeed 1denticdl 1n

: a11 regpects«with thg 1s$?er IX. For further corroboration,o
the *isomety lz’(pbtained via scheme 3) was acetylated and g

compared on gas liquid chromatography, (rubber silfcon column,

4 ft lengthfi It had an identical retention time with

ey, <
triacetate g&.
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E Gas - Liquid Chromatogram ‘of Vil !
\Yl:‘ . ‘?‘T | I
[ A
| a
*
l
|
™ ¢
B 23
. JL
- L § LA 4 . %
o 5 . 10 " min.

Chromatogram obtained in the analysis of VI1I.

&

Pgaké: A, 3 4-0~isoproylidene 28-(1*, 2'-diacetoxyethy1)

58 acetoxynathyl tetrahydrofuran 3a, 4a-diol.

L]

o B, s,4-o-isopropy114eﬁe 28, SB-his(l',Z'-diacet:
-y \ .
oxyethyl) -tetrahydrofuran 3a, #fa-diol.
~ A P ~ ¥ . A —\"—;\’:‘\‘ . P

) N

The column was packod with si;icon gum Tubber SE 30, the

4

1
T P

tenporature was 240‘0 und the fXow rate was 50 ul heliuulninnte.
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In this system, the tetr&ncetatei&ll of scheme 3 was ' \
0c1ear1y a mixture of tetra- and triacetate. It was clear-
now, that the formation of Z,S&anhydroallose XIII dur1ng -
the per&odate cleavage of tetraol -VIII was due to the |
p;esence of triol and not the result of a periodate oxidation.‘
‘Purthermo;ef this also explains the aifferant p.m.r. s;;ctra
observed fo} tetraacetdte‘!ll and:XI (see page 67 ). From
the relative intensities of the O-aéetyl signals, the overall
X 1ntagral for VII suggest that the two signals §2.03 and 2.11,

account for a total of closer to nlneﬁprotons rather than

the value: of twelve requ1rad for XI. . .

» '.' ‘%3 c , ,.,x""/

Mass speétronetry'his,been,oﬁpensively employed for

the confirmation of the constitution of structural analogs: "

and related precursers and derivatives. The fragmentation

¢ _pattern observed for tetrahcetaie ViI, XI and ;riacetétex
XX is given below. | o
. |
- |
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4. An alternative ‘synthesis of 3,4-0-isopropylidene 28-(1',2'-
‘ dihydroxyethyl)tetrahydrofuran-;m, 4a diol-5f~-aldehyde
hemiketal XII.

Early in  our investigation of the proposed regcﬁion
mechanism7°, we turned our attention Fo the preparation of
. -the divl aldehydé XII, which was the suggested intermediate -
productlin the oxidation of tetraol VIII or "isomer" IX‘ The
proposed mechanism for the cleavage involved the complexation
of the diol aldehyde XII with 103 , followed by an hydride
shift (see page 58). ) . ‘ﬁ: - | : :

-’

\ . , N
« We, tﬁerefore, studied an independent, unambiguous

. syntgfsis of compound XII, which is ouxlined in scheme 8.

N -,
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/potassium iodate in various buffar solutions resulted 1n
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The #itst stéé consisted of the reduction of methyl
2-(5B8-carboxy 3;4—0-i$opr0pylidene tetrahydrofuran 3a,4a-
diol-28-yl) glyoxylate XIV (seé Chapter- II) with sodium \ "
borohydride in the ﬁregence of sodium bicarbonate,

After acetylati?n 3, ¢¢0-isopropylidehe 28(1',2'-dihydroxy-

ethyl-2'-0- acetyl)tetrahydrofuran -3a,4a-diol-58-carboxylic

" acid & lactone XV, m, p. 156-157°, and its isomer XVI

m.p. 102-103°, were obtained.Their ‘different solubilities
in ether provided a clean separation by fractional
crystallization. Both isomers were obtained analytically pure.

i

Reduction of the lactone XV with diisobutyl aluminium
hydride (2 eq.) in toluene.at -78° according to the procedure
of. Corey . and acetylation of thq reaction mixture.
afforded the corresponding lactol -diacetate XVII, and

a minor impurity, which was identified as isobutyl ester XVIII.
‘Hydrolysis of XVII in aqueous sodium bicarbchate éave the

crystalline diol aldehyde hemiketal X1I, identical with a #
sample obtained from oxidation of the tetraol !lll ‘(Scheme 4,
page 65).

As one might a;peét now' - as”the problem of the periodatg
reaction has b;en solved - traatment of hemiketal XII with

quantitative recovery of starting material.

R T e T
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&'he m.ass spectrum of XII appegfs E"jZo‘retain the pattern
yobse‘rved for the 5,6-0*isoprqpylidene-7-oxab'icyc10 [2.2.1)
derivatives. A molecular ion is still obtained (Figure 3).
‘However, the base peak in the sl;ectrum is M* -15, since

cleavage of the methyl group of the acetonide is an important

fragmentation process., .

4

] Figux"a 3

/
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5. Characterization of thé® lactones XV and XVI.

)

Reduction of éhe acid keto ester XIV W1th sodium boro-

hydr1de, followed by acetylatlon afforded a m1xture of two »
isomeric lactones XV and XVI. Both were obtained in
*  analytically pure form by crystallization in a ratio of 3:1.
Reaction of lactone XV and XVI with diisobutyl aluminum
hydride in toluene at -78° gave thergorresponding lactol.
However, only the lactol obtained from'loctoho bA' corre-
sponded with the diol aldehyde hemiketal obtained via the
oxidation of the tetraol VIII (Scheme 4, page 65). ' \

,Stereochemical studigg of various 7 oxabicyclo [2.2. 1] .
heptanes in simple compounds, using the p.m.r. method, have
been reviewad7t”?, To find the chemical shift of the proton
at C-1, ve repeated the dﬁct;on of the acid keto/ootog\gli .

with sodium boro&euteride. % : ' -

Scheme 9 | - .
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After isolating the pure deuterated lactones XVa - f

]

‘o and XVIa, we compared their relatively simple spéctra with those

of the non-deuterated products with regar& to the coupllng

22,99
constants ' . It is obvious that the coupling constants

depeﬂé very markedly on the conformation(s) which the
molecule adopts. ' If the coupling constants are known, {
it may become possible to deduce the conformation of

such rings. Attempts to do this:have already been made

by Jardotzky in the case of the ribose nucleosldes and
nucleotides.’ For each isomer XV or XV1, there are two
conformations.possible, (see scheme 10)., If we assume

4

conformation (1), (chair form) the dihedral angle of'

protons Hl, Hz' would be 60°, and assuming the other
extreme, conformation (2), the angle would ba about 110°.
However, in each case the observed coupling constants may
be averages ‘of both conformations, possible due to non- ~
bonded interactions of (1)-by the acetoxy-methyl with the '
‘ 7 -oxygen, nd the eclipsed form of the 7- oxygen with the
lactone oxygen of conformation (2). Assuming this. the
dihodral angle between the bridgehead proton Hl, H, 1s ' .
about 80{ and this would rosult 1n ulmost no coupling.
Similar in isomer XVI, the average dihedral angle betwaep
tﬁfiprotoni Hy, Hy of conforuutions (3) and'(4) is Qbout
;5‘; . The coupling constant for this angle ,is J = 4 ¢, p.s

which is the«obsarvod value. . ’

-
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The dihedral angles were obf&ined by measurements
madehon Fieser molecular models. ‘The exact velue§ are
nncertain,‘becausehit is notfknoﬁn'exnct}yshew the
distortion is spread through the,noiecqlea - The uncertain-
ties in Sihedral'bond angles arve most-unliﬁely to affect
the conclusion made in this analys1s. The good agreemenf
between calculated and observed coupnng constants found,

supports the validity of the assignment made for XV and
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Table 1 - .
o ———— ~
QP.m:r.'Burameters for XV and Z!i in CDClg
(Chemical shifts in ppm) A
gen-dimethyl OCH, H, © H, He,H, He. .CH,0
1.37 (s) 1.51 (s) 2.10 (s) 4,1-4.5 (m) 4.38 (s) 4.90 (s) 4.62 (s) 4.1-4.5 (m)
| _ . S
1.37 (s)  1.51 (5) 2.10 (s) ~ - - -  4.38 (s) 4.90 (s) "4.62 (s) -
. ”E;m.r.~parameters for XV and XV in benzene-d6 A
P . . I .
gen-d:gethyl OCH3 ,Hl Hz | HS,H4 Hs ‘ CHZO

. R
4.53 (s) 3.84 (dd}

1.5¢ (s) 4.21 (dd) 4.00 (s)- 4.20 (q)

4.00 (s) 4:20 (q)

1.03 (s) 1.40 (s)

1.03 (s) 1.40 (s) 1.59 (s) . - 4.53 (s) . -

' -
\\5 <

“ 4




Compound
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Table 2

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

b ]

3

gen4dimethyi ‘ l OCH3

(Chemical shifts in ppm.)
' H3 H

Hy

H o
2

4

HS |

1
q?
~

-

CH,0

1.35 (s) 1.50 (s) 2.10 (s) 4.8-5.0 {m)} 4.41 (d) 4.85 (@ 4.63 (s) 4.18 (d)

I =4 Hz 4.26 (s)
v . : .
-1.35 (s) 1.50 (s) 2.10 (s} . - 4,44 (s) .4.87 (@) 4:63 (s) -
P.m.r. parameters for XVI and XVIa in benzene'-d6
o - ’ :
gem-dimethyl, ocH, - H, H, H H, He CH,0
1,11 (s) 1.42 (s) 1.63 (s) 4.45(dd) . .4.11 (d) 4.50 (s) 4.63 (s) 3.92 (d)
~ . . J = 4 Hz. J =4 Hz ; J = 6 Hz
1.11 (s) u1.42 (s) 1.63 (s) ~ - . 4.10 (s) 4.50 (s) 4.63 (s) -
. o . : ‘: ' . [‘ . -
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In summary, the foregoing discussion showed that

™ jthium aluminum hydride reduction of the ozonide V

not only, gave tetraol VIII but also triol XXI or X
and that thé.periodate'clea#age~of the mixture of VIII \"{
and XXI (or IX) gave.2,5-anhydroallose XIII, which was.

. formed from triol XXI (or IX) rather than from tetyaol °

VIII. ~ > :

camevto———
<
5
- ..
. ’
' ] o

In order tojéxplain the loss of a skeletal carbon ‘

atom upon heating ozonide V in the presence of hydride,
.. {he thermal reaction of ozonide V was studied and is -
’ 7 ' v
described in chapter IV of this thesis. .
— ' '
The correction of "A novel periodate cleavage" 70,73 \,‘ 3 B
100 . ; ) . : v
was published in 1974 . - ! )
. )
t ’ ) »
" ; _2:,9 a - 3-:'
: . | ‘
* i
\ ,
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6. Experimental Part.

a) General

/

In tRke experimental methods reported, the followihg
general procedures were employed:
{ij "All solution evaporations were conducted -under
diminished pressure on a rotatory evaporator, -

.

~unless otherwise specified.

(ii) Melting points were determined on a alectrothefmal

melting point apparatus, and ire cor;ected to >
) e, "y .
USP-samples. X o w{l, ‘&M\'er &\
.~ - h y ’ \.
‘ ~, =% ,
' ' \\‘l ? . »\.——.«'
(111) »Thin layer chromatography (t. 1 c.h was carr; putfm
M ~f~m= .

on Kieselgel F-504, . BET g g

(iv) aiumn chromatographic separations were carr1ed out
u51ng Silica Gel Fa. Herrmann, KYln, Germany. -
i A ratio of one .gram of substance to 50 grams of

silica gel was generally employed. .

. ) v ‘
(;3 Vapor phase chromatographic (V.P.C.) analysis_ and .
separations were effected‘through the use of ; '
FM Research Dual Column Gas Chromatograph, Model 810’

employing a thermal conductivity detector. ,n~;\’.

WS
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{vi) Infrafed (i.r.) absorption spectra wvere recorded

< on a Perkiﬂ—Elmer 237-B spectrometer. Potassium

N bromide discs were used. vqu.'values were

x
4

measured by reference to a pdlystyrene standard.

- ‘ -

(Viij Pfoqgn magnetic resonance (p.mir.) spectra were

recorded on a Varian A-60 Spectrometer.

T

(viii) Mass spectra were recorded on an AEI-MS-902 mass

3

spectrometer using the direct sample inlet system

with a 70 e.V, ionization energy.
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Dimethyl 7-oxabicyclo[2.2.1]hepta-2,5-diene-2,3-dicar-
boxylate" (1). ‘ ' .

\

\

| Furan (16.5 g, 0.242 mole) and dimethyl acetylenedi-
carboxylate (3& g,,o.211 mole) were placed into a 100 ml ;
§tain1esststee1 vessel of a "Parr" high pressure'dgtociﬁve.
The reaction temperature was maintaiped at approximately -
100° for 20 h. The product was a highly viscous,sy;pp.
The crude reaction mixture was chromatographed on silicic
acid; elution with thoréform/methanol (98:2) afforded
the monoadduct I as a yel;&w-oil (22.5 g, 62%, contaminate& '
with traces of the endo-exo diadduct II. I.r. (film) 1710
(Co), 1635 (C=C), 1435 (P-H), p.m.T. (CDC13)'6 = 3181

(s, OCH;) 5.67 (d, J, ¢ = J,.

) |
RPSCEAE U ~

= 2Hz), 7.20 (4, Je

5 1
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+ Dimethyl 7 oxablcyclo[z 2 ljhept ~-2-ene-exo- SLG dlol-

4

2 3-dicarboxylate (III)‘ N - R ‘

‘ ‘ s ! .
'¥g40 nl of a solution made up;frbm 1 g osmium tetroxide~
in 200 ml1 of t-butanol, followéd by ‘40 m1 of 30% hydrogenn
peroxide were added to a\sqluéion of 42 g¥of c;pae I in
80 ml of ether and 320 ml of acetone. After completion

of the reaction asimonitorﬁd by t.1.c. (chloroform -

methanol 9:1) the excess Hzoz was decomposed by the addition

of aqueaus sodium bxsulfite. Methylene‘chioride extraction

gave, JI1 and 1mpur1ty IV as an 011y mlxture (16 g, 35%).
I.r. (film): 3425 {OH), 1710 (CO), 1620 cm 2 (c0),
p.m.T. (CDCl ) § = 3.84 (s, OCH3), 4.02 (s, OH ex, H

), 5:00 (s, H 2,/1&4) - . \
' / e

)

5°

<
. .
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'Dimetﬁyl g,6-O-isoprqpylidene-7=oxabicyclo[2.2.llhept—zi;

ene-exo-5,6-diol-2,3-dicarboxylate (IIIa) -(and dimer IVa).

The crude diol (21 g, 0.0915 mole) was dissolved in

.acefone (500 m1) and dimethoxypropane (160 ml) and heated

to reflux with a catalytic amount of p-toluenesvl%onic acid

acid 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 804) and concentrated.

2
The residue was chromatographed on silicic acid using chloro-
form as eluent. The first fraction 17.0g (64.5%) was identi-

fied as IIla, recrystallization-from isopr8panol/petroleum

etﬁer gave cslorless plates,'m.p..6Q.5—63°C. I.r. (KBr)

1710 (C0), 1623 (c=C), 1360, 1370 cm™ 1 (gém-dimethyl), p.m.x.
(CDCI3) 6 =1.32 (s, 3H), 1.50 (s, 3H), 2.50 (s, 3H), 3

(s, 3H), 4.60, (s, 2H), 5.08 (s, 2H). ' /

Anal. cal . f .2): ;
C or 613H1607 (284.2): C, 54.93; H, 5.67.

,;'% Found : C, 54.82; H, §5,82.

4
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The minor product IVa, which eluted later, crystallized

It
t

from chioroform (350 mg, 0.4%‘b;sed on furan), m.p. 222-224°C.
I.r. (KBr) 1717, 1705 (C0), 1615 (C=C), 1360 cn”* (g¢m-dimethyl) .
Mass spectrum (70 e.V.): m/e 353, 347 (M+'CH3); Pl
. & = 1.30 (s, 3H), 1.47 (s, 3H), 2.62-2.75 (m, 2H), 3.87 (
4.36-4.48 (m, 2H), 4.50 (s, 2H), 5.08 (s, 2H)..

.
1. 1c. £ .3): .95; .72,
Anal. calc. for C H 0 (352.3): C, 57.95; H, 5.72

Found : C, 58.04; H, 5.87.

.
;
" !
o . .
/o , .
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Dimethyl 6.7-0-isopropylidene-2.4-epidioxo-3,8-dioxabicyclo

IS.2.1joctane-exo-6.7-diol-2,h-dfcarboxylate‘z.
Olefin IIla (2.5 g) was dissolved in 50 ml of ethyl-

‘acetate, was ozonolyzed at -50°. Evaporation of the solvent

afforded a crystalline ozonide (V) in quantitative yield,
m.p.: 79-81°C. I.r. (KBr) 1780, 1745 (CO), 1380 ém~%
(gem-dimethyl), p.m.f. (CDC13) § = 1.33 (s, 3H), 1.50 (s, 3H),
3.94 (s, 6H), 4.73 (s, 2H), 5.12 (s, 2H). . Vs

Mass spectrum (70 e.V.): m/e 303, 243, [no M' 332 or 317 ., “.
(M+‘CH3)] .

A . . // 2): .99 .85.
nal. Calc. for C13H16010 (332.2) C, 46.99; H, 4.85

o

- o S Found ; C, 46.63; H, 5.06.

~
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3,4-0-Isopropylidene 28, Sé—bis (1',2'-diacetoxyethyl) -

Htetrahydrofuran-sa, 4a-diol (VII) via lithium aluminum

’ hydride reduction of ozonide. V. ‘ ) - ‘

Vs
The ozonide V (4.0 g, 10 mmole) was added _

to a slurry of lithium aluminum hydride (3.4 g, 90 mmol)

in anhydrous tetfahydrofuran (150 m1) at 9° over 2 hours.

The mixture was stirred overnight at room temperature,

then refluxed for 2 hours. The reaction mixture was cooled

to 0° and acetic anhydridg’(zs ml) was dropped in, foliowed

by pyridine (20 ml). The reaction mixture was stirred at

O réom temperature for 8:hours.~ Addition of water and.
filfration, followed by extraction with chlorofo;m (3x)

gave the crude tetraacetate VII. Column chromatography o

on silicic acid and elution with chloroform gave 1.75 g,

40.5% chromatographically pure VII. I.r. (film): 1740
(C=0), 1370,.1380 (gem-dimeihyl), mass spectrum (70 e.V:);
m/e 432 (M"-CHS). p;m.r.: (CDCIS) § = 1.35 (s, 3H), 1.54 -
(s, 3H), 2.03 (s, 6H), 2.11 (s, GH), 4.0-4.4 (m, 6H),
é/4.60 (m, 2H), 5.25 (m, 2H). |
. .

Anal. Calcd. for C H O  (432.4): C. 52.77; H, 6.53.
‘ 19 28 11

)
Found : C, 52.81; H, 6:55.

4
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3,4-0-1soprop¥lidene 28, 58-bis(1',2'-dihydroxyethyl) -

_ tetrahydrogﬁran -3¢, 4a-diol VIII and "Isomer' IX.

Py . ’ ‘ "
“A mefﬁapqlic solution of VII (1.3 g, 3 mﬁole} was
‘treated d;ernight with a c;talytic)amount of sodium. ~ c?
After ﬁeutralfzation with anh&drous hydrochloric acid, »
the mlxture was chromatographed on silicic acid, us1ng

chloroform/methanol (9:1). The less polar product gave

£
triol XXI. I.r. (film) 3360 (OH), 1375 cm~1 (gem-dimethyl),-

\

mass - spectrum (70 e.V.): m/e 235 (M+1l), 234 MY, 219

300 mg (41% based om tfiol) of IX, later identified as

M*- CH ), 203 (M* -CH on), 187 (219 - CH oa) »

' (]
~ a

P.m.r.: (Acetome-d,) § 1.31 (s, 3H), 1.48 (s, 3H), 3.62

[

(b.s., S5H), 3.90-4.10-(m, SH), 4.75 (m, 2H).

r -
a ¢ :

Anal. Calcd. for 010318 x hH 0 (243.2): C, 49.37; H, 7.87.

Found : C, 49.64; H, 7.81.

&

* .i” 7 B
P A
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The more”pplai isomer VIII (240 mg, 29%),wés obtained .

.as a syrup that was homogenous ﬁnd;free.qf l{’by t.l.c. ' )

I.r. (£ilm) 3360 (OH), 137p, 1375 cm,= (gem-diméthyl),
mass-spectrum (70 e.V.): m/e 265 (M + 1) 249 (M - CH,)
233 (M - CH,.OH) 231 (m/e 249 - H,0) 215 (m/e 233 - H,0).
P.m.t. ;. (Acetone-d.) §'=1.35 (s, 3H), 1.46 (s, 3H),

3.6% (b.s., 7H), 3.8-4.1 (m, SH), 4.30-4.50 (m, 2H),

P <

4.80 (d; 2H). .

¢ 5

Anal.Calcd. for C,,H, 0, x H,0 (273.3): C, 48.34; H, 7.74.. .
Found : C, 48.76; H, 7.57. .
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3;4-0-Isop}opylidene-z§) 5g-bis(1',2'-diacetoxyethyl) - °
tetrahydiofuran-Su; 4g-diol XI and 3,4-D-isopropylidene

28(2'-0-acetyl 1';2'-dihidroxygthyl)tettahzdrofuran 3a,

’ 4uidiol-533carboxylic acid.-§ lactone XV via NaBH, reduction

) of ozonmide"V. . ‘
‘Sodium borohydr1de (1.9 g 50 mmole) was added 1n portions

to a mixture of ozonide V° (1.66 2, § pmole) apd sodlum

. bicarbonaté (4.2 g, 50 mmole) in isopiopaﬁoi (100 ml1)" with
stirfing at“}oom temperature. The mixture was‘refluxpd
for 15 hoors. Aftér“evapofation of the solvent, the éolid
res1due Was treated with a m1xture of acetic anhydride~,
pyrldlne (12 8 ml) overnlght. The solution was.eVaporoted
to dryness, followed by addition of chloroform and-filtrd;
‘tion  to remove allninorganic material. The figtrate was

’ eVaporated leaving a syrup that crystallized upon addition
of ether, g1v1ng 200 mg (14. 7%) of XV, m.p. 156 A57°

Thls naterial was shown by p.m.r., i.r. and msss spectrometry

to be identlcal with the product synthesi/ed via keto ester ‘
Tacid XIV (see below). ‘ ' ,
o S » & g

i

The- ether solution gave 1.5 g (69.5%) Pi’“i as a ) . ‘T
chromntograph1cally homogeneous ‘clear syrup, 1dentiCa1

in all respects (i. Tvs P. m.f., t, 1 C.y Ho 1 ‘c.) with the

tetraacetate XI obtained wxa scheme g,
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Dimethyl-2',2- (3 4-0- 1sopropy11dene tetrahydrofuran 3a, 4a- |

d1ol 28, 5B- )b1s:gfyoxy1ate00

Sodium metaperlodate (10 g, 50 mmole) in 50 ml of watef
was added ov;} 4 period of 3 hours, to an acetone solution
(100 ml) of the olefin lllg (2.5 g, 9 mmole) and ruthen1um
tetroxide (330 mg, 2 ﬁmole) with stirring at room temperature.
After 12 hours, the excess of rutheniﬁh“}et:oxide was {éduced
with isopropanol (5 ml1).  The insoldble material was removed

by f11trat1on through celite and the fzmtrate concentrated

¢
in vacuo.. The crude product was pﬁ/;f1ed by. chromato%;aphy
on a s&lica gel column. Elutlon with, chloroform/mathanol‘
(98:2) gave a colorless oil. ~ ”
1/'("\ j - ) R

I.r, (film): 3450 (Hy0), 1740 -(ester), 1375 em™t (gem-
djﬁgihyl). : o '
P.m.r. (CDC1,)+ c « 1,25 (m, 3H), 1.40 (m, 3H), 3.7-3.95 i
(m, 7H), 4. 5-51 (m, 3H). P / H P C e
Anal. Calcd. fof  Cagfizg0y X H0 (318.3): C, 49, 06; H, 5.70. e
. , medrlc;4%jz H,597. - t

.L,. o l .
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3,4-0- Isopr;py11dene ZB, 58- b1s(1' 2 - dxacetoxyethyl)-

tetrahydrofuran 3@, 4a-diol (XI).

The diketo ester X (1.9 g, 6 mmole) was treated-with‘
sodium borohydr1de (2.3 g, 60 mmole) in refluxing iso-
Jpropanol for 4 hours. The;reggt1on‘m1xture was cooled
- . to. -30° gnd aC1d1f1ed w;th anhydrous hidroohloric acid.
' ‘Theﬁmixgyre was concentroted‘to dryness. The solid
"resiéue was stirred witﬁ'a ﬁixture of 10 ml acetic
anhydride and 15 ml pyr1d1ne overnxght.- After concen-
trat1on to drynes? the r951due was extracted with |
methylene chloride and washed-with 0.5 N hydrochlorzc
3_ac1d to remove traces of pyridine. Bvaporatﬁ/n of the
‘solvent gave an oily residue wh1ch was chromatographed
.on 50 g of 5111c1c acid using chloroform as an elution
.solvent. ' The d051red proouct was plutod first and gave

1.5 g (58%) of a colorléss oil..

I.r. (film) 1740 (C=0), 1370 cm~} (gem-dimethyl).

Mass-spectrum (70 e.V.): m/e 432 M*, 417 (M+*CH3)~

P.m,r. (CDCL.): 6 = 1.34 (s, 3H), 1.55 (s, 3H), 2,05

(s, 6H), 2.10 (s, 6H), 4.0-4.2 (m, 6H), 4.5-4.7 (m, 2H),
S:1-5.4 (m, 2H). | °

Anal- Calc. for \ClgH '0 :\Y C, 52o77; H’ 6.53.

28 11
-
L ~ /
- Found M C’ 52048; H’ 6.77o J
~N
»
*
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3,4-0-Isopropylidene 28, 5g8-bis(1', 2'-dihydroxyethyl) -

tetrahydrofyran-3a, 4a-diol (WIII).
. L =

-~
.

R
& L

°

¥ N
[} -

en”

A solution of tetraacetate XI (1.51 g, 3.5 mmo’le)‘/" :
in 50 ml methanol was treated with a catalytic amount
" of sodium for 6 hours. " After neutralization with gaseous
hydrogen chloride and evaporafion of the solvgpt the crude
product was chromatographed onuSQ g silicic acid using
chlorq£orm/methanol (9:1). The tetraol VIII (850 mg, 93%)

was identical with the tetraol ebtained by hydrolysis of

VII, see above.

~r
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3a, 4a-diol-58-aldehyde he¢miketal XII.

A.stirréd‘solution of tetraol klll (200 mg, 0.76 mmoie)
in 5 ml of 50% aqueous methanol was treated with soéium
metaperiodate (162 mg, 0:76 mmole) at room temperature
for one hour. The reaction mixture was concentrated in
vacuo to dryness, addition of acetone andlletration to
remove the. inorganic salts, gave colorless plates (153 mg,

88%), m.p. 139-140°, m.m.p, with authentical sample via
reduction of XV, 139-140° (see page 110). ~

e

3,4-0-Isopropylidene 2B8-(1',2'-dihydroxyethyl)tetrahydrofuran-

-
Wi

-
-
-

»

:

|
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\;:X-O—Isopropylidene-z,S-anhydro-D.L-allosé (XI11)
%

72

A stirred solution of 3,4-0O-Isopropylidene-28-
(1',2'-dihydroxyethyl) -58-hydroxymethyl-tetrahydrofuran
-3a, 4a-diol ("isomer IX"), (132 mg, 0.5 mmole) in 4 ml
of a 50% aqueous methanol was treated W1th sodium meta-
periodate (107 mg, 0.5 mmole) at room fehperature for
one hour. A white precipitate formed, wh1ch was removed
by filtration. The filtrate was extracted with féur
25 ml éortions of chloroform. The organic phase was
dried and evaporatedulo dryness in vacuo. The crystal-
line residue was recrystallizgd once from acetone/hexane
to give the hemiketal illl m.p. 194-195°C (81 mg, 80%).

A mixture of XIII, obtained by periodate cleavage via
a different route * did not depress the m.p.. The
‘t.l.c. (CHCI3 :CH

3
72
sample . ‘ . -

OH 9:1) was identical with the authentic

v e
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3,4-0-Isopropylidene-28-(2'-0-acetyl-1',2"'-dihydroxyethyl)

tetrahydrofuran-3a, 4a-di91-58-carhoxyiic acid § lactone

XV and XVI.

Sodium borohydride (1.52 g; 40 mmole) was added to a
slurry of sodium bicarbonate (3.36 g, 40 mmolg) and a-keto

ester XIV (1.2 g, 4 mmole) in isopropanol (50 ml) at 0°.

The reaction mixture was refluxed for 4 hours. The solution ~
. .

was cooled to 0° and neutralizedg@ith 2 n hydrochloric acid.

L

After concentration to dryness and drying at room temperature

<

in vacuo overnight, the mixture was acetylated with 8 ml’
‘acetic anhydride and 12 ml pyridine. The mixture was cqn-'
centrated to dryness in vacuo, addition of chlofoform,
followed by filtration using celite, and concentration

gavé colorless crystals of }actone XV (600 mg, 53.5%),

T

m.p. 156-157°C.

T el DR R

I.r. (KBr): 1760, 1740 (CO), 1360, 1370 cm~! (gem-dimethyl).

Mass-spectrum (70 e.V.): 257 (M-CHS), 229}(¥-COCH
;4

3)" »
P.m.r.: see table 1, Chapter 3, 5.

Anal. Calcd. for C 07(272.2): C, 52.94; H, 5.92.

12116 s :
Found: C, 52.78; H, 5.91.

- B s e A b S A
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Evaporation of the filtrate gave 200 mg (18%) of

isqmer XvI, m.p. 102-103.

I.r. (KBr): . 1765, 1750 (CO), 1375, 1380cm™ ' (gem-

dimethyl).
Mass-spectrum (70 e.V.): 257 (M—cns),‘*’zzg (M-COCH, ) .

.

*Pom,r. see table 2, Chapter 3, 5.

Anal. Calcd. for C_.,H, O (272.2): C, 52.94; H, 5.92.°

127167

Found: (, 52.92; H, 5.96.

é
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3,4-0-Isopropylidene-2B8-(2'-0-acetyl 1',2'-dihydroxy-

1',2',2'-tridentero-ethyl) tetrahydrofuran-3g, 4a-diol-

"5 -carboxylic acid 8§ lactone iVa and XVI a.

These compounds were prepared exactly as E!_and

XVI using sodium borodeuteride instead.

Compound XVa : m.p. 15§~156°C, i.». (KBr): 1755, 1735

(co), 1370, 1380 cm~! (gem-dimethyl); p.m.r. data see
table 1,'Chapter 3,5. ‘7
Mass spectrum (70 e.V.): m/e 260 (M'-CHz), 232 (M -COCHs).

Compound XVIa: m.p. 73-75°C, i.r. (KBr): 1758, 1745

1370, 1380 em”t (gem-dimethyl); p.m.x. data see table 2,
Chapter 335. . _
Mass spectrum (70 e.V.): m/e 260 (M*-CHS),/zsz (M*-COCH3) .

~

¥
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6,7-0-Isopropylidene-exo-2-acetoxymethyl-4-O-acetyl-

3,8-dioxabicyclo[3.2..1]Joctane-ex0-6,7-diol XVII and

isobutyl 3,4-0-@sopropylidene-28-(1',2\—diacetoxyethy;l
tetrahydrofuran-3a, 4a-diol Sg-carboxylate XVIII.

@

tt

Lactone XV (950 mg, 3.5 mmole) was treated with

diisobutyl aluminum hydride (1.0 g, 7 mmole) in toluene

(25 m1) at -78° for 10 min. The reaction was quenched

by’ the addition of 2 mllof methanol., After quporation

“of the solvent to drymness in vacuo, the solid residue

was treated with a mixture of 20 ml acetic anhydride/
30 ml pyridine overnight. After partial evaporation, °
the residue was extracted with ether. The crude lactol

was chromatographed on silicic acid, using benzene: ethyl

acetate (9:1). he separation of the less polar impurity

XVIII was monitdred by t.l.c... Thjs separation afforded
(70 mg, 4.9%) of impurity XVIII, which was identified as
isobutyl 3,4-0-isopropylidene-28-(1',2'-diacetoxyethyl)

tetrahydrofuran-3a, 4a-diol S5p-carboxylate, m.p. 79-80°.

-

I.r. (KBr): 2980, 2960 (C-H), 1740 (CO), 1370, 1380 cm™ 1}

(gem-dimethyl). Mass spectrum (70 e.V.): m/e 388, CIDR

I'4
37 - - -CH,*
3 (M-CH4), 331 (M- (CH,),CH-CH,").

\

R e I




PR

ot

4 s b e e e st nt s P SR vy ¢
o ’

X

-109-

. " : .
A a2
e
LGS
Al
' -

e’

i

P.m.T. (benzene-d6): ﬂG-O.&4 (s, 3H), 0.82 (s, $H), |
1117 (s, 3H), 1.44"(s, 3H), 1.62 (s, 3H), 1.75 (s, 3H),
1.5-1.7 (m, 1H), 3.76 (d, 1H), 3.95°(d, 1H), 4.37-4.70

(m, 5H), 5.1-5.3 (m, 2H).

"Anal. Calcd. for C,gH, g0, (388.40): C, 55.66; H, 7.27.
" ' Found : C, 56.03; H, 7.37.

The lactol-acetate XVII was eluted later, and afforded
560 mg (58.3%) of an oil.

I.r. (film): 2980, 2930 (C-H), 1740 (C=0), 1370 (gem-
dimethyl), 1220, 1040 cm *‘(C-0). h

P.m.r% (CDCl,): & = 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 methanol with a trace of sodium gave XII.
The spectral data (i.r., p.m.r., m.s.) were identical with
8
those of the product obtained without isolating the lactol-

~ st

[ acetate. i




3,4-0-1sopropylidene-28-(1',2"'~dihydroxyethyl)tetrahydro-

furan-3a, 4a-diol-5g-aldehyde hemiketal (XII).
‘ %
The lactone XV, 420 mg (1.54 mmole), was treated with
,_kdiisobutyl aluminjlmxhydridg(4.36 mg; 3.08 mmole) in toluene
:1(25 ml) at 78°, under nitrogen for 10 minutes. The reaction d
MQAS quenched by the additien of methanol (2 ml). Addition
of sodium bicarbonate (500 mg) and stirring at room temper-
ature gave the pure aldeﬁyde-hemiketal XII (240 mg, 67%),
m.p.: 138-140°C. ' ‘
I.r. (KBr): 3410, 3310 (OH), 1370, 1380 cm = (gem-dimethyl). o
Mass spectrum (70 e.V.): m/e 232 (M*), 217 (M-CHg); -
199 (232-H,0), m* 182.5 (199 /217). ,"

]
)

P.m.r. (DMSO): & = 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. Caled. for €, H O (232.2): C, 51.72; H, 6.94.
"~ Found : C, 52.04; H, 7.17.




‘with sodium boroﬁxdride (3.8 g, 0.1 mole) in refluxing
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1

3,4-0-Isopropylidene 28-(1',2'-diacetoxyethyl)58-acetoxy- .

methyl-tetraﬁydrofuran-Sa,4ardiol (Xx) .

(2.7 g, 0.01 mole) was treated

. o (70,72)
The ozonide XIX

¢

isgpropanol (100 ml) for 4 hours. The reaction mixture

was cooled to 0°, and hydrogen chloride was added until

pH 4 was reached. After evaporation of the\sélvent, the

solid residue was‘tregted with a mixture of\écétic anhydride-
pyrihine (30 m1:25 ml) o%ernight. After partial evaporation

and addition of water, thi product was extracted with chloro- ' &
form, and dried over anhydrous sodium sulfate. The mixture | ny
was chromatographed on silicic acid with chloroform to

effect a cleag separation of the product. fhe least polar
fraction gave 140 mg (5.1%) of lactone XV. The spectral

data (i.r., p.m.r., m.s.) were identical with those of .the-

product obtained before.

A

-

A second fractibn (700 mg, 22%) gave a partially
acetylated product (diacetate).

I.r. (film): 1740 (C=0), 1370 (C-CH,), 1220, 1045 cm” Y, (C-0).

-

P.m.r. (CDC1): 6 = 1.39 (s, 3H), 1.50 (s, 3H), 2.10 (m, 7H),
4.0-4.8 (m, 8H), 4.9-5.25 (m, 1H). | N

oo
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-112-7 K
. . Mass spectrum (70 e.V.): m/e 318, 303 (M-CHSJ, 260
; - (m/e 303-COCH,).
i : Anal. Calcd. f H_0_ (318.3): -C, 52.82; H, 6.97.
A al alc or C14 22%3 ( ’ ) Cs .
i' .Fouﬁd : C, 52.24; H, 7.06.
g The .more polar and major product XX 1.55 g (42.5%) 442
H -~
; was obtained as a syrup that was homogeneous and free .
f of the other products by t.1l.c. ﬁsihg chloroform/methanol
\ (98:2).
"I
I.r. (£ilm): 1740 (C=0), 1370 (gem-dimethyl), 1230 cm™%, ’ \
.o : & :
: : 1070 and 1040 cm™? (C-0). l
? ‘ . o7 -
o P.m.r. (CDClg): & = 1.37 (s, 3H), 1.56 (s} 3H), 2.06 (s, 3H),
2.12 (s, 6H), 3.9-4.1_(m, 6H, 4.5-4.6 (m, 2H), 5.1-5.4 (m, 1H).
i _ : s
\{. ‘ oL , ‘
(GJ Mass spectrum. (70 e.V.):- m/e 361 (M+l), 345 (M-CHS).
? / . ) ‘ ! . 1
- Anal. Calcd. for C__H_0O_ (360.3): 53.33, H, 6.71.
- Caled 1672409 (390-3): €, 53.33, H,
| o Found : C, 53.15; H, 6.70.
‘ r
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3,40~ Is(gropylxdene 26 (1' 2'- d1hydroxyethy1) 55 hydroxy-‘*
"ty
% methyl tetrahydrofuran 3ql40 -diol (XXI).

o

( ' A solution of XX (O.i £,0.55 mnoleb in 30 m1 methanol

, »  wWas treated with a catalytic amount of sodium bvérnight.
* e
‘After neutralization w1th hydrogen chlorlde, the mixture

was concentrated and chromatographed on sillc1c actg
axe 1) -
us;hg chloroform ‘methanol (9 1. Evaporatlon of thq

: ma1n fractlon gave 120 mg (82%) of the triql XX1,

1denti¢a1 in all respects with the "isomer IX",
™ S " ‘

Sh

N & .
IR T
M
\

v
AP

¥

3 4 -0- Isoprqpylidoﬁe 2B~ (1',2' diacetoxyethyl)5§~acetoxy— o
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methyl tetrahx@rofuraﬁ‘%% Qs g d101 xx via acetylatlon of

# "lsomer IX"N ’ D

Troagment of "isomorJIX"—(da ﬁgi in a’mixture of
, “acetic’ anhydrzde (0.4 mIO and pyridine (0 6 ml) over-
nlght at room temperature gave after usual workup
"_° 70 %/mg (95!] of xx. ' The triacetato was 1&entical
with the trxacptate obtalned via roduction of ozonide . 2

- | XIX, see above. = = - - . e »

.- . , ¥,
/o




' reactlon led to unSatxsfaFtory‘results and gave complex °
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An ‘explanation of an unexpected reaction of an ozonide.

A novel synthesis of P,L-talofuranuric acid derivatives.

2

A

1. Results and Discussion. . .

[2

After careful reinveétigation we could show that
lithium aluminium hydride reduction of the ozonide III

gave a mixture of tetraol amd triol (see'chépter III). .

2

.
-,

In order to. eXplain the 1oss of oﬁe skelthI;c rb‘ﬁw
atom upon heatlng ozon1de III in the presence of hxﬁggae,
we first studied yhe teaction with several Othefii:gkda

philes (KCN, LlBr,nNaN ).. However, the hlghlé;e ythe

mixtures.
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oy .
Our next step was to investigate a possible thermal’

rearrangement of ozonide III. Upon heating in various
solvents, III rearfanged predominantly to the stable
oxalic‘ester v, g.p. 112-114°, and to the mixed anhydride
VIa, which was not'isolatedlkxa(Scheme ;). Hydézfigis of
the mixed anhydride led to VI, m.p. 114-116°. The keto-
ester VI was identified by cémparison oflits spectral
data with those of an duthentic sample described in
Chapterlll. There¢ are many precedencesfor both types
of ‘rearrangements. For instance, addition of singlet 5xygén
to heterocycles leads to bicyclic systems wgfzh rearrange
s

~ 102,103,10'0
to Bayer-Villiger type products . v

The results of the thermal rearrangement of the ozonide
III in various solvents are summarized in table I. The
yields refer to isolatgd products. There does not seem to |
be an obvious correlation between product distribution and

solvent polarity or dielectric constants.

T ——.

“nﬂ-‘_-H‘“yrw~h*ﬂ‘ﬁﬂ“ﬂﬂﬁﬁﬁﬂﬂﬂ.ﬂﬁ'ﬁ—ﬁf*”’ wﬁhﬁﬁ,,ﬁ,w.
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. . Tabld 1 ,
; relttufiau iy
N L ‘ $ yield

Solvent v VI
Ethyi acetate' 93 0
“q‘ v " - . ) ’ .
Benzene R < 90 0
Acetone \\) 90 . .0
Ether ' . ‘10" 0
Isopropandi . 60 10
Tetrahydrofuran ’ 60 127
Water (phosphate buffer pH 6.0) 10** 20,

P
i ) .
' -
,‘ . . ’
The balance consisted of recovered
starting material.’ '
[ %4 : : g
The balance consisted of unidentified
‘groducts. R
} .
- T TSR e K AT LT

i
]

o,
RO A



-117-

Scheme 1

_Oxalic acid
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The p.m.r. spectrum of V (see Fig. 1) indicated the
presence of two methoxy groups at 3.90 and 3.92 PpPm.,
the anomeric ﬁroton as a singlet at 6.35 ppm., and an AB

system corresponding to protons H_ and Hj’ centered

2
at 5.09 ppm. The Hy signal is split into a double doublet

Jz , = 6 Hz, and J3 = 1 Hz, H appears as a doublet at
’ > ) .

>4 4

5.23 ppm.

L 3

Further proof‘for the structure of V was obtained
through degradation reactions (Scheme 2, p. 120).
Mild hydrolysis of V gave oxalic acid monomethyl ester
which on further hydrq}ysis gave oxalic acidf isolated
from the mixture by sublimation. When V was allowed
to stand in ethanol containing palladium on charcoal,
a new produtt crystallized out.
Spectral and analytical data indicated the new product,
m.p. 94-95°, to be a ketal-hemiketal of formula lzjor IVa.
Although no rigorous proof- is adduced, we prefer formula
IV for mechanistic reasons. A slight modification of the
proceduré permitted the isola;ion.bf IV in 56% yield.
On treatment with acetic anhydride 1V was transformed
to VII, m.p. 147-148°, in 92% yield. VII'is also formed
by direct acetylation of !,' VII was identified on the
basis of spectroscopic evidence. The u.v, spectrum
exhibits a maximum at 232 nm. in ethanol, and the i.r.

~—

spectrum (KBr) showed absorptions at 1782, 1769, 1748,
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1725 and 1682 cm , which is in accord with the ester
} and C=C double bond absorptions.

1

Catalytic hydrogenation of IV or V with palladium
] catalyst in dthanol gave two products, which were
isolated by column chromatography on silica with ethyl

acetate/benzene (3:7). The major product was shown to

be methyl Z,é-O;iSOpropylidene-B-D,L—galofdranuronate
V¥i1, m.p. 112-114°, (67%). It gave upon acetylation
a diacetfate VIIIa , m.p. 77-79°. The minor product
isolated was identified as the allo isomer IX,

m.p. 96-97°, (22%). Acetylation of IX gave the diacetate

IXa, m.p. 133-134°. The p.m.r. spectra of these two

isomers are shown in Fig. 2 and 3, (page 122).

- The structures of the two furanuronates were established g
by the following reactions (Scheme 3): VIII was heated ' .
in methanol in the presence of a catalytic amount of |
sulfuric acid for two hours and the mixtufe separated
on silica with ethyl acetate. The first product eluted ‘
was methyl (methyl 2,3-O~isopr0pylidene—B-D,L-talofuranésid)
uronate X, m.p. 63-64° (25%). Acetylation gave the oily
monoacetate Xa. A compariﬁgﬁ of the chemical shifts

10§ :
closely resembles that of the reported values of the

r

allo isomer (see Table II). ' Because of the approximate

nature a conclusion derived from these values is

necessarily tentative.
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Table II

Ak t) o et e

.T. (CDC13) in 6 (ppm) of methyl (methyl 2,3-0-iso=

and its allo-isomer

Protons

LS

isopropylidene

O-a
O-m

cetyl
ethyl

methyl ester

C-1
C-2

c-4

106%

allo-isomer

106

literature values

1.40 (s), 1.50 (s)

2.17 (s)
3.36 -(s)
3.81 (s)
5.01 (s)

not defined
ring protons

5.13 (d
(4 J4 5

»

= 6 Hz

talo-isomer Xa

.17
.30
.81
.00

&~ W e N

.55

(s), 1.50.(s)

(s)
(s)

(s)

(s)
(d)

4.86(dd)

4.50(dd)

5.07

(d)

Hz
Hz

Hz
Hz

Hz

Hz

Hz
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The next product eluted (Rf 0.5)"was fhe oily methyl
(methylKB—D,L-talofuranosid)ﬁronaﬁe Xl (46%).» Treatment
of XI with acetone and 2,2-dimethoxyPT0P?ne ‘in the presénce
of p-toluenesulfonic acid for several hours gave a high
yield of X, idenqified by pom.r., i.r., t.1l.c., m.p. .and

mixture m.p.

Acetylation of XI gave the tri-acetate XIa, m.p.
105-107°% The p-m.r. proved to be slightly different
from that of methyl (methyl 2,3,5-tri-O-acetyl-g-D,L-
gllgfuranosid)urOn@telos’loa. A sample of this compound,

m.p. 103i104°, obtained from Prof. Fukaﬁi, showed a m.p.

" depression with Xla, and a different pattern in the i.r.

(XBr) spectrum.

The third product of the metﬂanol/sulfuric acid
reaction proved to be the a-isomer XII. It was eluted
last (Rf Otg) in’29% yield. Tredtment of XII with ,
acetong/dimethoxypropane in the presence of p-tolgéne~
su%fonic acid gavé XIIb, m.p. 112-113°. Fig:l4 and ‘5
show the p.m.r. spectra of the B-isomer X and a-isomer

XIIb.- ‘ b
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“ Reduction of the mond acetate Xa with lithium aluminum
. hydfide in ether and direct acetylation of the reaction
mixture, gave the *mono acetate XIIIa, m,p. 64-65°, and the “

oily diacetate XIIIb., XIII Was obtained: by sodium methOX1de

catalyzed methanolysis’of XIIla or XIIIb. Here also, the
andlffioﬁl daéa were in compiete agreement with the structures

. /propospﬁ.

@ \
*

A sample of methyl 2,3-0- 1sopropy11deye B-D- allofuran051de
107

XV, -m. p, 94- 96°, was not identical with XIII, nor was the

«

correSpondlgg d1ace§ate XVa identical w1th

P M

XIIIb 4PHowevar, o

when XIII was subiected to oxldative cleavage w1th perlodate,
the aldehyde XIV m.p. 94-95°, showed ident1ca1 i.r. (1n chloro—
. _,form), p«m. r., t. 1a¢., and :/;entlon time on g l.c. with the

‘ & ‘aldehyde obtazned from oxid tzve cleavage of xv I ’ - ?
‘a . ’ ' " . _—1'5 - o
P i " .. ) . m - s ‘47
;s 2 ' l ,
Y | S
"’ 4 / L 3 »
e ,
, , ¢ O - .‘\ v @
e 0 ) e °
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Conclusion: ' C .
' 1 | »
< .
: + From our experiments in Chapter III, lithium aluminum a
’ hydride reduction in tetrahydrofuran or sodium borohydride

1 reduction in isopropanol gave higher: yields of decarboxylated

products (triollor lactone)'than'zne would have expected

- . , .
from the thermal rearfangement_alone (see table 11, page 116).

: It would seem that there must also be some direct attack by.

the H}dride ion (see page 114, Np - H) durig;/&he reduction .

‘procedure.

In; summary, we have elucidaféd the producfs of the'fhermal
ozonide rearrangement, correlated the strzq;ures'and stereo-
c%emistry gf the reaction products éndfaevelobed an interesting

//synthésis of falofuranoic‘aéid deri&htivés. The total syn-
thesis of dxmethyl 1- O~oxaly1 2 3-0- 150propy11dene g-D,L-
’ r1hohexofuran 5 ulosuronatq V was publlshed 1n the Can.J. Chem.los.
It is d¢d1cated ?O, Professpr C.A. Hinkler of McGlll University
.on t@e\occasiénuofvﬁis'§ixty-££fth birthday.
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2. Experimental

P

t

1

Melting points were determined on an electrothermal
bleck and are corrected. NMR spectra were recorded on

)

Aga Varian Associates A-60 spectrometer. I.r. spectra
were obtaihed on a Perkin-Elmer 267B spectrometer.
'U.V.-spectra were recorded on a Bausch § Lomb\SOS
spectrophotometer. Micro-analyses“were carried out

by Micro-Tech. Laboratories Inc., Skokie, I11., U.S.A. h

\ ,
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C :

Dimethyl 1-0-oxaly1-ZJS-O-iSOpfagyifﬁene B-D,L ribohexofuran-

l '
- ;
5-ulosuronate (V). L{/f
B

An ethyl acetate (100 ml) solution of dimethyl 5,6-0-

isopropylidene-7-oxabicyclo[2.2.1]hept-2-ene-exo-5,6-diol~ -

]

2.3-dicarboxy1ape (IIa) (10 g, 0.035 mole) was cooled to -60°,

- -——

and treated with ozone in oxygenift the rate of 7 mmoles of

.ozone per hour. The reaction was confinued until the blue

color, characteristic of ozone, persisted. The reaction mix-

ture was flushed with nitrogen and the solvent was evaporated
o
" at room temperature under reduced pressure to about 20 ml.

The semi-crystalline ozonide was heated in a water bath for

20 minutes until all the solvent evaporated. The product
crystallized from ethylacetaté and ether, yield 10.9 g (93.2%),
m.p. 114-116°. I.r. (KBr) 1760 (Ester), 1720 (CO), 1380 cm -
(gem. dimethyl), p.m.r. (CDCISJ § = 1.39 (s, 3H), 1.56 (s, 3H),
3.90 (s, 3H), 3.92 (s, 3H), 8.83 (d, J2,3 = 6Hz,1H), 5.23

d, 34’3 = 1 Hz, 1H), §.36 (d,d, J2,3 - 6}112,\73'4 = 1 Hz, lﬂ)'.
6,35 (s, 1H). ' |

3 .

Mass spectrum: m/e 332 (M'), 317 (N’ -CHs)

Anal. Calc. for 013!:16010 (332.2): C, 46.99; H, 4.85,
Found: C, 47.22; H, 4.8S5.

Alternatively, the ozonide (III), m.p. 79-81°, was isolated i

(2) ‘ and the pure ozonide refluxed for 20 minutes (solvents see

table I) and the residue after evaporation was crystallized

_from ethyl acetate-ether to give V.

z <

vt et st —
- Y

- ™ Sy~ 2 B T A i P W Ty
Lt S g e Te ,,,‘.f«;,",," . - -oen T 1 &7 P . - . ' ,,: A 13
- - Ve, - 5 Co » Tyt 1
v, e e .



-131-

¢ .

Dimethyl 7,8-0-isop;opylidene-2,4,9-tridkabicyclo[4.2.1]

8.

v
5 B e e
r‘T M

nonane exo-7,8-diol-3-hydroxy-5-ethoxy-3,5-dicarboxylate IV.

A solution of V (10.9 g, 0.033 mole) in ethanol (250 ml)
was stirred with palladium (5%) on.charcoal (2 g) for 8 hours.

The suspension was filtered through celite, and the catalyst

afforded 7.0 g (56%) of IV, m.p. 94-95°. I.r.

(4, J = 6 Hz, 1H), 5.10 (d, J

2,3 2,3

4,4-5.4 (broad OH).

317, 303.

15050, (378.3): C, 47.62; H, 5.86.
C, 47.72; H, 5.91.

<

Anal. Calc. for C
|
Fgund:

washed with ethanol (5 x 25 ml). The filtrate and washings
were combined apdhgvaporated to dryness. Addition of’ether .
(KBr) 3490

(OH), 1752, 1725 (Ester), 1378 ;m'l (gem-dimethyl), p.m.r.
(CDC1y) -6 = 1.20 (t, J = 7 Hz, 3H), 1.35 (s, 3H), 1.45 (s, 3H),
3.17 (q, 2H), 3.82 (s, 3H), 3.97 (s, 3H), 4.60 (s, 1H), 4.8S

= 6 Hz, 1H), 6.21 (s, 1lH),

Mass spectrum: (70 e.v.) m/e 362 (M*~CH3), 332 (M*~C2H50H),
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) Treatment of dimethyl 1-0-oxalyl-2,3-O-isopropylidene-
* B8-D,L-ribohexofuran-5-ulosuronate (V) with acquc anhydride. 7
*—\\
A solution of V (166 mg, 0.5 mmole) in a mixture of ]

acetic anhydride (1 ml) and pyridine (1 ml) was stirred

for 12 h. After removal of the solvents, the oily residue
was dissolved-in chloroform, carefully washed with 1 N hydro-
chlori¢ acid and dried over sodium sulfate. Evaporation

and crystallization from ether-ﬁetroleum ether gave 150 mg
(80%) of VII, m.p. 147-148°. 1I.r. (KBr): 1782, 1769; 1728
(ester, C=0), 1682 (C=C), 1437 (CH), 1389, 1370 cm™! (gem-
dimethyl), p.m.r. (CDCl,): & = 1.43 (s, 3H), 1.45 (s, 3H),
2.20 (s, 3H), 3.83 (s, 3H), 3.92 (s, 3H), 4.81 (d, J ,

: 2,3
- saz,df%), 5.90 (d, J, 3 = 6 Hz, 1H), 6.50 (s, 1H).
N ( ’

Mass spectrum: (70 e.V}!) m/e 374 (M*), 359 (M*-CH3),

343 (M"-0CH,), 315 (M*-COOCH,) -

Anal. Calc. f C. H 374.3): 48.13; H, 4.85.
alc. for 15 18011( ) C, 48 : . 5
Found: C, 48.32; H, 4.89,

Acetylation of IV :::) :

\\l! (500 mg, 1.34 mmole) was acetylated and purified

as described -‘above, 465 mg (92%) of VII m.p. 147-148°,

were obtained. I.r. and p.m.r. spectra were identical

with those of a sample obtained as above.

- e
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Methyl 2,3-0O-isopropylidene-g-D,L-talofuranuronate (VIID),

and Methyl 2,3-0-isopropylidene-B-D,L-allofuranuronate

(IX) from (IV) or V. ;
A solution of IV (7 0 g, 18 5 mmole) (or V, fﬁ 2 g,
18.5 mmole) in ethanol (250 ml) containing 5% palladlum
on charcoal (2 g) was hydrogenated for 16 h at 50 1bs/in?.
The suspension was filtered through celite, and the catalyst
washed with ethanol. The filtrate and washings were combined
and evaporated to a syrup. The crude mixture showed two
products on t.l.c. Chromatography on a silica gel..column
(350 g) and elution with ethyl acetate benzene (3:7) gave
successively 3.1 g of VIII (67.5%), m.p. 112-114° ?from
acetone petroleum ether), and 1.0 g of IX (29%), m.p. 96-97°

(from ether petroleum ether).

VIII: I.r. (KBr) 3400 (OH), 1745 (Ester), 1442 (C-H), 1380
1375 cm~! (gem-dimethyl), p.m.r. (DMSO-d6) § = 1.22/k‘t>
(s, 3H), 1.40 (s, 3H), 3.71 (s, 3H), 4.35 (d, Jz 3= 6 Hz,
1H), 4.3-4.4 (m, 2H), 4.83 (d, J2 3 = 6 Hz, 1H), 5,20
d, J - 6 Hz, 1H), 5.63 (d, J = 9 Hz, OH), 7.10

1,0H

(d, J = 6 Hz, OH).

Mass spectrum (70 e.V.): m/e 248 (M*), 233 (M+—CH3).

Analysi 1c. £ H 8. , 48.38; .50.
¥s1s calc or C10 1607 (248.2): p 48.38; H, 6.50 I

Found: C, 48.14; H, 6.50.

WQW
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IX: I.ri" (KBr): 324Q.(OH), 1740 (Ester), 1470, 1440 (CH),
1380, 1370 cm-1 (gem-dimethyl), p.m.r.r(DMSO-dG)

5 = 1.36 (s, 3H), 1.40 (s, 3H), 3.70 (s, 3H), 4.10

(s, 2H), 4.47 (4, J_ = 6 Hz, 1H), 4.80 (d, J

= 6H, 1H), 5.20 (s, 1lH), 6.23 (2 OH).

2,3
Mass spectrum (70 E.V.): m/e 248Y(M+), 233 (M+-CH3).

Anal.Calc. for C,ol607 (248.2): C, 48.38; H, 6.50.
- Found: C, 48.49; H, 6.66.

P
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Methyl (2,3-O-isopropylidene-1,5-di-O-acetyl-g-D L-

allofuranosid)uronate (IXa). ‘ %
/

A solution of IX (100 mg, 0.4 mmole) in §Q£:ic anhydride
(3[m1) and pyridine (3'ml) was stirred for 18 h. at foom
temperature. After evaporation to dryness, the residue
was dissolved in chloroform, the solution washed with
dilute hydrochldric acid, dried (sodium sulfate), ;nd
evaporatedﬁto dryness. The residue was crystailized from
Yield: @OO mg (74%), m.p.

i.r. (KBr)|1745 (Ester), 1442 (C-H), 1380,

1360 cm'l (gem-dimethyl); p.m{;; (CDC13): § = 1.35 (s, 3H),
1.46 (s, 3H), 2.08 (s, 3H), 2.19 (s, 3H), 3.79 (s, 3H),

4.5 (d, J = 7 Hz, 1H), 4.80 (d, 2H), 5.02 (d, J

2,3 2,3
= 7 Hz, 1H), 6.22 (s, 1H). |

ether and petroleum ether.

133-134°:

Mass spectrum (70 e.V.): m/e 332 M%), 317 (M+-CH3),
301 (M"-0CHg), 289 (M'-CH5CO), 273 (M -CH5COO).
2

A

Anal. Calc. for C14H2009 (332.3): C, 50.60; H, 6.07.

Found : C, 50.51; H, 6.14.

B T
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Methyl (2,3-0-isopropylidene-1,5-di-0O-acetyl-g-D,L-

* talofuranosid)uronate (VIIIa). .
. L4

, ~ Treatment of VIII (160 mg, 0.4 mmole) with a mixture
’ of acetic anhydride and pyridine (1:1), under conditions
. identical to those described for the preparation of IXa,

gave 125 mg (93%) of VIIIa, m.p.: 77-79°. I.r. (KBrT)

1770, 1755, 1742 (Ester), 1433 (CH), 1378 em™ (gem-dimethyl),

G

p.m.T. (cnc13):' § = 1.36 (s, SHj,Jl.SO (s, 3H),

2.05 (s, 3H), 2.17 (s, 3H), 3.80 (s, 3H), 4.70 (dd, J
= 6.5Hz, J

V4 4,94 (dd, J

2,3
= 1 Hz, 1H), 4.75 (d, Iy s " 6.5 Hf, 1H),

= 6.5 Hz, J = 1 Hz, 1H), 5.21 (d, J

3,4

4,5 3,4
= 6.5 Hz, 1H), 6.20 (s, 1H).

2,3

v

yMass spectrum (70 e.V.): m/e 332 (M+),'317 (M+-CH3).

Anal. Calc. for C H 0 (332.3): C, 50.60; H, 6.07.
14 20 9

2

Found : C, 50.61; H, 6.17.
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Methyl (methyl 2,3-0-isopropylidene-B-D,L-talofuranosid)

uronate (X), Methyl (methyl -B-D,L-talofuranosid)uronate

(XI) and Methyl (methyl -a-D,L-talofuranosid)uronate (XII).

A solution of 2.3 g (9.3 mmole) of VIII in methanol
(100 ml1) and a catalytic amount of sﬁlfuric‘acid was heated
7
under reflux for 2 h., and evaporated to dryness. The

residue was chromatographed on silicic acid with e;h&l'iz'

"acetate as eluent. Fractions (15 m1 each) were collected

"and examined by t.l.c.. Fractions 6-18 were combined and

evaporated. Crystallization from hot petrolgum ether
yieldea 610 mg (24%) of X, m.p.: 63-64°. I.r. (KBr) 3435
(OH), 1743 (Ester), 1455, 1442 (C-H), 1382, 1375 em™t
(ge@-dimethyl), p.m.r. (CDCIS): § = 1,35 (s, 3H), 1.45
(s, 3H), 3.45 (s, 3H), 3.82 (s, 3H), 4.21 (s, 1 ex, 2H),

= 6 Hz, 1H), 4.80 (d, J, . = 2 Hz, 1H),

2,3
2,3

4,5

4.90 (d, J, , = 6 Hz, 1H), 4.96 (s, 1H).

Mass spectrum (70 e.V.): m/e = 262 (M+), 261 (M*-l),
247 (M*-CHs).

1111897

Anal. Calc. for (262.2): C, 50.37; H, 6.92.

Found: C, 50.41; H, 6.97.

R
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Fractions 22-32 were combined and evaporated to give
950 mg (46%) of XI as a syrup. I.,r. (KBr): 3400 (OH),
1735 (Ester), 1437 cm™t (CH); p.m.T. [(CDS)ZCO]: § = 2.92
(s, 1H), 3.30 (s, 3H), 3.7? (s, 4H), 3.95 (d, 1H),
4.1-4.4 (m, 4H), 4.70 (s, 1H).
i "
Mass spectrum (70 e.V.): 222 (M), 190 (M'-CHyOH), 132

(M*-ou-cnz-coocns).

Analytical data were obtained on the acetate XIa.
The more polgr product §gl_wés collected from fractions
35-43; *ield;\GOO mg (29%). I.r. (film): 3400 (OH),
1745 (Ester), 1437 (C-H), p.m.T. [(CD) CO]: & 2.84 (s, iH),
3.32 (s, 3H), 3.75 (s, 3H), 3.65 (d, J = 9 Hz, 1H),"

3.9-4.5 (m, SH), 4.82 (dd, J = 4 Hz, 1H).

1,2

Mass ‘spectrum (70 e.V.): m/e 221 (M*-1), 190 (M+1CHSOH),
b 163 (M"-COOCH,) .

Anal. Calc. for C_H 07 (222.2): C, 43.24; H, 6.35.

814 :
Found: C, 42.73; B,$€.48.
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Methyl (methyl 2,3-O-isopropylidene-g-D,L-talofuranosid)

uronate (X) from XI.

A solution of XI (500 mg, 2.25 mmole) in acetone
(3 ml), 2,2-dimethoxypropane (S ml) and a catalytic

amount of p-toluenesulfonic acid was refluxed for 3 h.

After concéntration ta dryness, the residue was dissolved -
L) . . .

in chloroform, 'washed with water, dried and evaporated.

Crystallization from hot petroleum ether (bB.p. 30-60°)

AP ot 21T S T PN L ORI

gave 520 mg (88%) of X, m.p.: 64-65°. Therspectral data

(i.r., p.m.r., m.s.) were identical with those of the -

product obtained directly from VIII.
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Methyl (methyl-2,3-O-isopropylidene-5-O-acetyl-g-D,L- ’ ’ 5

“a.
14
iy
*

. talofuranosid)uronate (Xa). 4

s B

Compound X (400 mg, 1.52 mmole) was acetylated with
‘acetlc anhydrlde (4 ml) and pyr1d1ne (4 ml) in the usual
manner. Chloroform extraction and column chromatography,
using penzeﬁe/isopropanol (98:2) as eluent, gave 450 mg '
(97%) of Xa. I.r. (film): 1747 (Ester), 1435 (CH),
© 137é Cm—l (gemgdimethyl), p.m.T. (CDC13): § = 1.33 (s, Sﬁ),
1.50 (s, 3H), 2.17 (s, 3H), 3.35 (s, 3H), 3.81 (s, 3H),

4.55 (dd, J4’5 = 8 Hz, J4’3 = 1 Hz, 1H), 4.60 (d, JZ’S = 6 Hz,_
1H), 4.90 (dd, J = 1 Hz, J = 6 Hz, 1H), 5.00 (s, 1H),
3,4 3,2
’ 5.12 (d, J = § Hz, 1H).
5,4

‘Mass spectrum (70 e.V.): m/e,- 304 (M+), 289 (M*-CHz),
273 (M"-0CH;) .
el :

Anal. Calc. for CoH 0 (304.3): C, 51.31; H, 6.63.
' Found : .C, 51.67; H, 6.75.

4
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Methyl (methyl 2, SJS tri-0- acetyl g - D L- talofuranosxd) ‘ e
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Compound X1 (450 mg, 2. mmole) was acetylated Wlth

, uronate 1XIa)-'

U B e iy
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acetlc acxd (4.m1) and’ pyrldlne (4 ml) in the usual

manger. Chloroform extraction and crystallization
from'fh;oquorm/petroleum ether, gave 550.mg (78%), -
m.p. 105-107°: I.r, (KBr) 1763 1740 (Bster), 1440 (CH),
1375 1368 cm -1 (gem,dimethyl) p.m.r. (GDCl ): 5 - 2‘072
(s. 3H), 2.12 (s, 3H), 2. 21 (s, 3H), 3.41 (s, 3H),'3 82°¢ -
(s, 3H), 4.60 (q, 1), 4.90 (s, 1H), 5.19° (d, Ty = 36 Hz.

1H):5-22 (d, Jz 3 -'4.6’Hz’ 1H), 5.44 (q,’ ].H). : ~ \i‘“ \;

Mass. spectrum (70 e.V.): m/e - 348 o a, 347 eM* 1),

. ' A 288[(M l) COOCH

e

SR
"Anal. Calé. for C_H_ O (348.3): C, 48.27; H, 5.79.

/ . ' : Found: C; 48.26;

H, 5.88. .
" y» e ] ’ )
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Methyl (methyl 2,3,5-tri-O-acetyl-a-D,L-talofuranosid)

uronate (XIIa).

A solution of XII (100 nmg, 0.45 mmole) in acetic
ihhydfide (2 m1) and pyridine (2 ml) was stirred at :
réom temperature for 20 h. After evaporation, the ‘ -v
residue was purified on a silicic acid column using .
benzene/methattol (95:5) as eluent. Thé band of Rf~0.5,
gave the tr%acetate XIIa, 90 mg (57%). 1I.r. (f;lm)

1750 (Ester), 1435 (CH), 1370 (CH,), p.m.r. (cnc13):

§ = 2.15 (s, 6H), 2.20 (s, 3H), 3.42 (s, 3H), 3.80
(s, 3H), 4.60 (m,-1H), 5.0-5.3 (m, 3H), 5.40 (d? J
= 2.5 Hz, 1H). -

1,2

. , o
Mass spectrum (70 e.V.): m/e = 317 (M*&OCHs), 289 !

(M*-coocns).

N

Anal. Calc. for C H O (348.3): C, 48.27; H, 5.9,
14 20 10
C Found: C, 48.60; H, 5.87.

2
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“Methyl (methyl 2,3-0-isopropylidene-a-D,L-talofuranosid)
" g

uronate (XIIb).
Co b

A solution of XII (350 ng, 1.57 mmole) in acetone
(5 ml) and 2,2-dimethoxypropane (10 ml), contaiming a
catalytic amount of p-toluenesulfonic acid, was refluxed
for 2 h. Chloroform extraction andfpurification on a
silicic acid coluﬁn gave 345 mg (84%) of XIIb, m.f. 111-112°
as colorless needle;.' I.r. (KBr) 3435 (OH), 1745 (Ester),
1450, 1431 (CH), 1380, 1370 cm ' (gem-dimethyl), p.m.r.
(CDCIS): § = 1,38 (s, 3H),‘1:§8 (s, 3H), 3.05 (d, 1 OH),
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 (4, J1,2 = 4 Hz, 1H).

Mass spectrum (60 e.V.): m/e = 262 (M"), 247 /(M*-CHy),

231 (M*-ocnz), 203 (M*-coocuz).

(262.2): C, 50.37; H, 6.92, °
.Found: C, 50.49; H, 6.97.
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Methyl 2 3-0—isopropy1idene 5,6-di-0-acetyl-8-D,L-

talofuran051de (XIIIb) and mono- gcegate (XIIIa).
w % l

A solution of Xa (455 mg, 1.5 mmole) in ether | |

(5 hl) was added dropwise at 20° to a slurry of

lithium aluminum hydride (114 mg, 3 mmole) in anhydrous ’
egher (50 m1). The mixture was refluxed for 3 h, cooled (

to 5°, and a mixture of pyridine-acet%g anhydride (1:1,

T P

10 ml) was slowly added. The reaction mixture was kept

e s

at room temperature for 20 h,’poured on crushed ice,
stirred for 15 min., aﬂd then extracted with three portions
of chloroform. The extracts were combined, dried (sodium |
§u1fate),,and evaporated to a syrup. The residue was
chromatographed on sil&cic acid with chloroform-methanol
(98:2) for elution. Fractions (10 ml each) were collected M
and examined by t.1.c. The less polar oily diacetate 5;;12
was eluted first.' Yield, Qf ~4%£- 180 mg (38%).
I.r. (film): 1740 (Ester), 1437 (CH), 1370 (CH), pom.r.’
. (CDC1,): & = 1.34 (s, 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, JS,Z = 2 Hz,
1H), 5.00 (s, 1H), 5.20 (m, 1H).
/
Mass spectrum (70 e:V.): m/e 318 (M*), 317 (M+-1), 303
(M*-CHSJ, 287 (M"OCHs)’L275 (M*-cogﬂs).

~

Anal. Calc. for C14H22°s (318.3): c, 52.8%; H, 6.97.
' Found : C, 52.96; H, 7.03.
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The more polar mono acetate XIIIa was eluted next,
and crystallized from hot petroleum 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-dimethyl),
p.m.r.'(CDCls): 6§ 1.33 (s, 3H), 1.50 (s, 3H), 2.09 (s, 3H),
3.50 (s,&gﬂ), 3.60 (s, OH, 1H), 3.80 (m, 1H), 4.0-4.3 (m, ZH),
4.50 (s, 1H), 4.59 (d, J ‘
1H), 5.00 (s, 1H). ‘

2’3 = G\HZ, 1“), 4.85 (d, Jz"s/a 6 HZ,

%
Mass spectrum (70 e.V.): m/e 276 (M"), 261 (M'-CH,),

245 (M*-OCHy), 233 (M*-COCHy).'

07 (276.3): C, 52.16; H, 7.30.
Found: .C, 52.27; H, 7.32.

An - 1 » H
al. Cale. for C12 20




T

¢

7,

Y

Methyl 2,3-0-isopropylidene-g-D,L-talofuranoside (XIII).
% \

A catalytic amount of sodium was added with stirring
to a solution of XIIIb (180 mg, 0.56 mmole) in ethanol
(20 m1). After 18 h at room temperature, the mixture .
was neutralized with anhydrous hydrogen chloride in’ether,
and concentrated under reduced pressure to dryness. The
residue was purified by filtration through a silica gel
column using chloroform/methanol (98:2) as eluent. After
combining the main fractions, }211 was obtained as a color-
less syrup. Yield: 100 mg (75%). I.r. (fi1m513420 (OH) ,°
1372 cm~! (gem-dimethyl), p.m.r. (cnc13) 6 = 1.32 (s, 3H),
1.50 (s, 3H), 2.90 (broad s, 2 OH), 3.48 (s, 3H), 3.65 (s, 3H),
4.50 (brpad s, 1H), 4.60 (d, J
= 6 Hz, 1H), 5.00 (s, 1lH).

= 6 Hz, 1H), 4.85d, J

3,2 2,3

Mass spectrum (60 e.V.): m/e 234 (M*), 219 (M*-cus), 203
- ~ (M*-0CH,), 173 (M"-HO-CH,-CH-OH).

n

)
Anal, Calc. for C, H 06 (234.2): €, 51.27; H, ?.75.

1018 '
. Found: €, 51.17; H, 7.81.
Treatment of x;IIa under conditions identical with those

described above, gave pure XIII in 45% yield.
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Methyl 2,3-0-isopropylidene-g-D,L-ribo-pentodialdo-1,4-

furanoside (X1V) 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 mmole) in methanol (1 ml) and phosphate buffer pH 7.0
(0.2 ml1). The mixture was stirred for 2 h at 20°.
Evaporation, ether extraction, and partia} evaporation
of the ether gave 35 mg (89%) of XIV, m.p. 94-95°,
I.r. (CHCIS): 1750 (Cvu), 1372 em~? (gem-dimethyl, p.m.r.
(CDCIS): 6§ = 1.35 (s, 3H), 1.50 (s, 3H), 3.37 (s, 3H),
4.50 (s, 1H), 4.55 (4, Iy 0" 6‘Hz, 1H), 5.05 (d, 3 5= 6 Hz,
1H), 5.10 (s, 1H), 9.95 (s, 1H).

Mass spectrum (70 9‘V.)5 m/e 203 (M*+1),.187 (M*—CHZ),
173 (M -CHO).

N

Anal, Calc. for C9H1405 (202.2): C, 53.46; H, 6.98.

Pound: C, 53.24; H, 7.12.




.

Methyl (2,3-0-isopropylidene-5,6-di-O-acetyl)-g-D-

éllofuranoside (Xva).

107
Acetylation of XV (117 mg, 0.5 mmole) in the

usual manner gave 150 mg (94%), of XVa as a syrup.
I.r. (CHCly): 1745 (CO), 1440 (CH), 1370 cm ' (gem-
dimethyl), p.m.r. (CDCl). & = 1.27 (s, 3H), 1.45

(s, 3H), 2.03 (s, 3H), 2.08 (s, 3H), 3.35 (s, 3H), .
4.0-4.5 (m, 3H), 4.60 (s, 2H), 4.98 (s, OH), 5.01

(dd, 1H). I

Methyl 2,3-0-isoprqpy1idene-B-D~§ébo-pentodia1do-1,4-
furanoside (XIV) from XV. |

XV, m.p. 94-95°, was oxidized with sodium meéj
periodate in methanol at pH 7 as described previously.
The aldehyde Eli had identical i.r. and p.m.r. spectra,
and g.1l.c. and t.l.c. behaviour as D,L-&lz; dbtaine%

. from XIII.
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(-. Part I1 i
i : ) SYNTHETIC STUDIES TOWARDS
OXACEPHAM DERIVATIVES .

Abstra;?

![

. [

H

“ ’ Several synthetic sequences for the synthesis of i ?

»
an oxacepham derivative were investigated in detail and
the resulting products were characterized. The Ugi-,
reaction using an aldehyde-acid with ammonia was studied

: and.the reaction products identified.

_A number of B,B,B-trichloroethylesters was prepared
as a protecting group, which was to be removed without
attacking the sensitive -C=N- group. This resulted in
the development of a particularly mild cleavage method
for these esters, with potential applications to peptide

i

chemistry and similar synthetic problems.
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Partie I1I
Contribution 3 la synthé&se de dérivés de 1'oxacéphame

\

Divers essais de synth&se de dérivés de 1'oxac&phame sont
examinés de pr&s et les produits obtenus sont caract8risés.
La réactjﬂﬁ>de Ugi avec un aldehyde-acide et 1'ammoniac est

étudiée €t les produits de 1a r&@action identifiés.

Quelques esters B,B,B-trichalo&thyl sont préparés comme
groupe protecteur propres 2 ét?e déplacés sans affecfer la
fonction instable -C=N-. Une m&thode de clivage particuli-
rement efficace pour ces ésters est alors éléborée. Cette
m&thode pourrait s'appliquer &galement 2 la chimie des

peptides ou autres domaines connexes.

, :
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INTRODUCTION

1. Oxygen analogs of cephalosporin antibiotics

Several total syntheses of\penicilljn-cephalosporin
16
antibiotics have been completed » but to our knowledge
L 7=9 :
only three "~ , were achieved for the oxygen analogs af

I Tl

4

the cepham ring system (1).

C‘H“- m-NO,

~' , R = C.H;
f:/i——u.—ﬂ CH,—C,H,
’ 4 \N

Sheehan7 prepared the Z-aryl-S,6-dihfdro—1,3-oxazines
(4) by(condensation of a nitrile (3) Qith 2-methyl-2,4- L ]
péntanedio}y(Z) Ain the presence of éalfuric écidla. The ﬁ, “
reaction of these oxazines (4) with phthéloylglycil chloride - J
and triethylamine gave the B-iactam, 2,4,4-trimethyl-6-aryl-
Z~phthalimido:g§acepham (1).

o
TM
o

+ R—CEN  —
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Christensen' prepared (:)-l-oxacephalothin (12).
Treatment of benzyl a—aminodiethylphosphonoacetates (S8)
with ethyl thionofor@ate resulted in benzyl o-thioforamido-
diethyl-phosphonoacetate (6). Treatment of 6 with methyl
iodide and potassium carbonate gave benzyl a(S-methyl-
thioimidato)diethylphosphonoacetate (7), which was condensed
‘with azidoacetyl chloride to give the Bf-lactam (8).
Chlorination of 8 gave the isomeric chloro compounds *(9).
The cﬂloroazgtidinone (9) was dissolved in l-hydroxy-3-

acetoxy-propanone and treated with AgBF, and Ag,0 to give

(10) which was cyclized to (11).
. M
f ,

Reduction of the azide with Pd/C and acylation with

thienylacetyl chloride gave 78-(thienylacetamide)-1-

oxadethiacephalosporanic acid (12). -

cnt.ﬁo = N.._x["
o

NH CO CH, “’s |
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9
The third oxacepham synthesis was reported by Wolfe .
%

The crucial step was the transformation of the thiazolidine
ring of the penicillin nucleus into a dihydro oxazine ring

) . ]
to form the oxygen analog (14) of A -cephem.

H H

OOCH,Ph
' c
— :I?
0 N
s N o I™N
HH
' o .

13 X 14

2. Biological activif& of Penicillin and Cephalosporins
i '

3
1

The'penicillin and cephalosporin-derivatives prevent
cell wall formation in chterial"lz. Specifically, they
are thought to ﬁrevent cross-liﬁkage'of the peptidoglycan
peptide chains, the terminal reaction in cell wall bio-
synfﬁesis.. These drﬁgs are assumed to inactivate irre-

- ~ ;

versibly the as yet unisolated membrane-bound transpeptidase.

13 - .
enzyme . The active penicillins are all derivatives of

unnjnopenicillhnic acid and‘the active cephaloéporins .

.of A’-7~aminocephalosporic‘aciq‘:’12.' Both series of drugs

-

are remarkably nontoxic as a consequence of their great -

specificity.
4
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Larly attempts to explain this specificity were based ,

on the idea that penicillin is isosteric with the terminal

S
Dsalanyl-D-alanine dipeptide .. The strained "8-lactam

portion of the antibiotic$s are presumably the site of the v
chemical reactions. Thus in this scheme penicillin would

: 15
be considered to be an affinity-labeling agent

R “ru L ST

The enzyme binds penicillih to its active site in a -
conformation that approximates the dipeptide conformation.
Penicillin is already 'a ;traaned molecule,-having .the 8-
lactam ring; the rings are strongly puckered.

If the rings get flattened out (i.e., ring N-hybridization
goes from sp3 to spz) at the active site of the enzyme,
penicillin‘would/mimic the dipeptide sub§trate. If
penicillin is distorted in this way by the enzyme, its
chemical reactivitx would be increased manifold, thereby

greatly increasing the probabjility of a chemical reaction

with an active-site residue.
. ' 4

Aside from the nitrogen atom, the cephalosporins and
penicillin nuclei have sulphur as the only other heteroatom.

Since the sulphur atom could possibly bind to an electrophilic

it

site on the enzyme, it was of interest to determine whether i
sulphur is neéessary for the biological activity of these *
compounds. ‘Substitution of su}phur in ‘the bicyalic system
by a smaller atom could also resuig in hig?er strain in the

'system and, hence, a more reactive B-lactam moiety and

therefore an antibiotic with increased activity.

AN e TR, N e e Ce
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3. Outline of the Prbject.

.

T A novel synthesis of g-lactams (18) was reported
' T 16
in 1962 by Ugi and Wischaffer/ who allowed 1socyan1des .
to react with Schiff bases o? aldehydes with g-amino : . ;ﬁ

.acids (15),~ The reactlon was carried out in a two- phase
system of water and petroleum ether. In aqueous solut1on

“the “imine acid (15) is in equilibrium with the zw1tter16n

MR e T R iy i"}‘ﬁlﬁm} Keg oot

(16), which reacts by a addltuon to the isonitrile to form
"the adduct (17)., T@ls rqarrahges by means of trans-annular

acyl migration to (18)., 'With this mechénism‘a'cis config-

“

uration of ‘the carbamide and B-lactam is expected. .”

|
<

()
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17 :
1965 SjBterg claimed in a dissertation to have

! synthesized cis-6- phenylaeetam1do pen1c111an alkylamlde

" (19) using this Ug1 react1on. . i .

\
i

»?

‘Thes'e a;proaches suggeg%ed to synthesize a cepham
o ‘derivative in a similar manner.

Previous studies by this resgarch'group P19,20
seem to have come very.glose to‘bhe envisaged objective
and paved the way to thﬁHimportant intermedlates 37a °
(Rossy and Roseberry) .’f’ or 40 (Chung) respectlvely

(Scheme 1, page 171). ° - .

o]

SN ~
The purpose of this study was twofold (. <o

. ’ a) to 1mprove the synthet1c pathways (see scheme'l,
page 171) to a degree, that sufficient qu#ﬁtities
. ‘of 40 became available for
b) dem@nstration beyond doubf} whethér it is poséible ’

or not to obtain an oxacephanm derivagive‘with this
- method’. ‘ .
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L In the course of theése studies it became necessary, Yoo
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to devise a very mild method for ester cleavage which

'ﬁillibe dealt with in chapter 4.

-

The synthetic routeés existing at the beginning of

3

Q .
- this proiect are outlined below:

N o

»

‘ 18 19 .
Rossy, Roseberry and Chung °’ started with D-mannitol

; {20) which was converted .to the glyceraldehyde acetonide‘(ZZ).

via 21. 22 was, reacted with formaldehyde to 23. This

18 19

dioxane (23) was treated with either N-methylethanolamine °’
' 20 20° S

(27) or N- methylaminoethanethiol (29) in refluxing

4 A O e S R D AT ISR AL s KW v

benzene to give oxazélidinq alcohol (24)(br thiazolidine P

alcohol (24a). Treatment with methanesulfonyl chloride at

] .
-50 gave the crystalline oxazolidine mesylate (25)-or thia- | .
‘ zolidine mesylate (25a). ) S
¢ . R
, ‘ " Condensation of the oxazolidine mesylate (2§) with the
" sodium salt of thiol (31d) (derived from 2:phenyl-4-ethoxy- K
B ‘ /f

BN o 24 o
methylene-s-oxazqéone (31)) in DMSO at 75 “gave (33) in
. © 19, , :
low yield . At this stage Rossy hydrolyzed the oxazolidine o
o , ,
protecting group to the aldehyde (34), followed by treatment

with 2N- sodium hydroxide to give the aldehyde acid (35).
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o ' s,
ﬂ " Roseberry-on the other hand formed thé methy}lestef
(36) by-ring opening of the oxazoladine-oxazolone wiﬁ:
methanol. Cleavage of the aldehyde protecting group
t- followed by treatment with ammonla gave (373), whiich
was hydrd&yzed by treatment w1th 11th1um n- propyl
mercaptide in HMPT l‘to yield (37 page 171). -
. ‘ | | Vs ‘ al 20,
S Building on thewexperiepce of these studies, Chung
pushed the scheme further and came ‘closést to the desired.
syntheéis of a new class of antibiotics, the oxacebhém
derivative (41). He formed the B,8,8- trlchloroethylester '
by ring opening of the oxazolone (31a), followé& by c@p-
- densation with the thz%¢911d1ne mesylate (25a), since ﬁe
found that the oxazolidine group re ted‘w1th pxggen

T nucleophiles. Hydrolysis of the thiazolidine.group;

followed by treatment with ammonia gave the ester (40)

.' ;- Cleavage of the B B,B-trichloroethyl ester with zinc dpst X &

:1n 90% acetic acid at 0° yielded the crucial second last‘

‘ ’intermediate (408)

SRR V : I .
Unfortunately, the yiolds leading to 40a or 37 by either

, route were se low, hat the eventu&ggsuccess of the final

o Ugi- reaction Ieading toﬂ(41) could only be judged by the

SN infrared and mass spectra of'thé r&action products.@ \
) { "' ! ‘ ‘o ! *y 13 .
0o ' * i
/J', LY ;‘ ol - ! F] *
,’:/ "I'; __' . , t : . ' . ‘ﬁé’
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~ Scheme 1 (continued). o . ;
. F ; ;

9 OH ;
< —
+ NH-G , R Ph o
3,vR.°Et‘ g

It
(s
30 aR=OH
' bR-O'Na
: 2 . ¢,RmSH.
* , dR.s Not 1

: . NH CO-Ph | o

CO,Me HO

NH-CO-Ph 4L

Ph NH-CO-Ph
39 - ! ' ‘ 2
‘ ’ ) o p ’ i
* ( x& C02R . |' OzR '. ” 4
"=< ° NH-CO-Ph ,

NH-CO-Ph R=CF
R 40, ’
- 35.R~ - 4% Rafh2cCls
L e
’ . NH-R | :
- 0 N ’ Lc . *
CO2R - ’
() - S NH-CO-Pp - . NH-CO-Ph { ¢
: , | 3%.R=H 4, RuEthyl
T aRaMe - o uR-Cycloh.xyl E ’
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-

‘Preliminary studies! toward the synthesis of the imine acid,

using bépzyl and p-methoxybenzyl. ester’s as aciéﬁg%rot.ection
X
{ :

3
P : © groups. .

20 : :
Since Chung  had little suyccess in hydrolyzing the
— 8,B,B-trichloroethyl ester (40) to prepare the(ﬁecessary

precurser imine-acid (40a) in reasonable yields; we turned °

our attention to esters which are readily cleaved under

were 1nvest1gated, the p—methoxybenzyl and the benzyl esters.
- ) '

%

;
g T ~ mild (preferably anhydrous) condxtions. Two of such estgxs
: - Benzyl esters and a vériety of substituted benzyl esters,

may be removed as‘toipene, or the corresponding substituted

ar dtaten s i

toluene, by hydrogenolyii;. Several methods have been
employed to bq%ng aboﬁ;,daben&ylation.z. o ‘

" Scheme 2 illustrates our approach to 45, 2-Benzamido- ?

3- hydroxyacrylic acid p-methoxy-benzyl ester (42) was

_prepared from tha reaction of 4- hydroxymea@ylene 2~pheny1~
5-oxazolone (Sla) with p»mcthoxybenzyl alcokol; the sodium

. salt gﬁZa) was prgpdred with sodiun ethoxide in ethanol.

, s
. » ! - o

——n
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4

Condensation of the thiazolidine mesylate (2589
(scheme 1) with the sodium salt (42a) in 2-butanone
at 80° gave a 95% yield of the thiazolidine ester (43)..
Hydrolysi§ of the aldehyde protecting éroup wag'Carried
‘out using\mercuric chlorideIO)in aqueous tetrahydrofuran.

AN

Treatment of ;the aldehyde ester (44) with ammonia in THF

" gave the imine-ester, which was purified by column chromato-

graphy using ether as eluent, - The imine ester (45),
m.p. 114-117° was eluted first followed by a second

fraction, which was identified as the reactlon product (46)

~of ethanol with the imine ester (45). The p.m. T,

spectrum of 46 shows a triplet at & 1,20, coupled with,

a methyléne gfoup at 6‘3.32 ppm (J = 7‘Hz), indicating

the presence of an ethyl group. An exehangeable‘tr{plet

at & 2.80 ppm, coupled with-a methyle#é\group at 6 3.67 ppm
(J =6 Hz) confirms thé presence of a hydroxymethylene
group. Furthermore there are lllprotons downfield with one
representing a CHsN group. The rest of the remaining

Spectrum is similar to that of the required product, the

imine ester (45). The- ‘mass spectrum of 46 .shows a molecular’

Yo
L,

ion peak at mfe 514. The base peak at m/e 499 represents




AU SRR

? -174-

3

the 15ss of a methyl group. Figures 1 and 2, page 176
show the p.m.r. spectrum in deuterated cthroforﬁ of

46 and ﬁ@a. The o;ig{n of, the ethanol was traced back to
the ether thch was used for chromatography. That in fact
‘the imine is very reac¢tive toward alcohol was demonstrated
by reacting (45) with one equivalent of methanol in tetra-
hydrofurén; an almost quantitative yield of (46a). was.
isolated. The above results exclude all alcohols for the

-

ifnsitivity of this group. -

’i'

3 \ - N .
hydrogenolysis of the imine-ester and also demonstrate the

LR N

}‘ff":« g gt




*3'5,‘; ¢
»

( s
"
-175-
N
> Scheme 2

e

HO Ph - RO"  'NH-C0-Ph .
31a ‘ 42,R=H
. 2,R=Na
-cn,-O-oMe L—k H Co-cn,—@w.
\H<CO-Ph - H-Co-Ph
43 . a4
00"
. H-C0-Ph NH= -CQ-~Ph
45 ;i o 46,R=Et
a,RaM
7 e
. ?»on
NH-CO-Ph
37
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ceeded with the hydrogenolysis we tested

)
ke stability of the imine-ester. Thus, the ester (45)

was dissolved in a number of solvents such as ether, dioxane,

ethyl .acetdte and chloroform. The solutions 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 a paréllelvsgzies, we prepared the benzylaester
using the phthalp§i group as ou 1ined:in scﬁéﬁ% 3 (page 178)
The phthaloyl derivativei‘had ;;% advantage that theyyk ¢
were highly crystalline, '

%ﬁ )
Phthaloylglycine benzyl ester (47) was formyiated
with benzyl formate and sodium benzyloxide in refluxing

//toluené to benzyl 2- phthalimldo -3- hydroxngrylate~{48) ,‘

and its sodium salt (48;} was prepared by treatment of (48)
with sod1um>ethoxide. Condensation of the thlazolldine
mesylate with 48a gave 49 in.39¥»y1eld "Hydrolysis of -

‘the thxazolidine group and,;%eatment with ammogwg in ether .
gave crystalline/carbi\glapine (Sl), m.p. 108-110 C, in 40%
yield. Pp.m.r studles in DMSO- D6 of the carbinolamine (51) '

) showed that immediately after dissolving and deuterium

1

v exchange, CH-OD absorbed at 64i2§ ppm and ND-CH-O showed a
i doubieg.at $5.43 ppm. After 20 hours, the CH=N absoiptioﬁ
at ¢7.72 ppm appeared, and Hb resonated downfield‘ht

k)
‘ Ui P

o~

4 -(1“
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8 5.68 ppm as a double doublet, coupled with H_ (Jb C= 3Hz),

indicating that elimination of water took place to form the

¢
imine (52). M11q>hydrogenoly51s of (52) at atms pressure

in ethyl acetate at 20 gave the decarboxylated product (53 )

. 0
B m.p. 151-153 C, in 50% yield. A
‘é fﬁ . et
% Schehe 3
! " COOCHaPh - coocu,m. |
| Z —_— ;‘O — .
£ | |
i : & * 48,ReH '
.,R-NI ) - \\
¢ o '
. 00CH2Ph 00CH,Ph
0 0
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The p.m.r. spectrum was consistent with the proposed
structure 53. The two protons, H_ and H_, which had

o appeared at § 7.72 ppm and § 4.97 ppm respectively in the

imine ester 52, disappeared. Eight protons appeared as

\

multiplets at § 2.98-4.0§W5pm and one exchangecahle proten

at l.Qodpﬁm. Also, a double doublet at § 4.35 ppm was

assigned to the N-CH-O pfoton.

The' mass‘spectrum of the product showed a molecular
ion (M%1=333) and a base peak atﬁm/e 317, indicating
5 . cleavage of the ﬁethyl group of the acetonide, which is, \\

<\

an important fragmentation process. 2o

~

It is known that B-imino. acids of type (52) are easily
16 24 ,
decarboxylated, and there is some experimental evidence ° :
that similar imine acids lost carbon dioxide exfn on standinyp

at room temperature. We concluded that, on the basis of the

. spectral data of 53, the hydrogenolysis produced the desired

) ‘imine fcig, but that the C=N bond was reduced edual}y

| rapidly. Further studies using different catalysts gave
eséengially the same results,iand it was not possible to

. hydrogenolyze the benzyl esters without reducing the C=N bond.

J o o

s & : R .
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Since we were unable to hydrogenolyze the imine-esters

'

/ 45 or 51 to the imine acid (37) or to the corresponding

phthaloyl derivative; we returned to the use of 8,8,B8-

: trichloroethyl esters as acid protecting groups in spite
B 20 '
b of the low yield reported by Chung , hoping to improve !
‘ , )
é the reaction conditions. This is discussed in the next

~

/ B chapter.
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Studies towards the preparation of the oxacepham derlvatlve ' ) ;

using the aldehyde acid (55) as 1ntermedlate

L
Fd

Treatment of 4- hydroxymethylene 5- oxazolone (31a) w1th
B,B,B-trlchloroethanol gave (32), m,p. 87- 88 C. The
sodium sglt (3Za) was prepared by treatment of (32) with Ve

sodium ethoxide in ethanol.

o ’ - :c‘:c')‘zcnzccl3 ‘ .
T . ko '\'"""7"“

Ste 7 2R

,Condensation’of‘thé thiazolidine mesylate (25a) with
o ' . . 20 )

the sodium salt of tHe'bénzamido acrylate (f&a)-gave (38) ,

which we obtaxned for thé first. time as crystalllne materlal

m.p. 126~ 128 , in 68% yield. Treatment of the thiazolidine '
ester (38) with zinc dust in 90% aqueous acetlc acid afforded‘ -
the th1azolld1ne acid (54) in 53% yield A p. 159 - 160 |

The aldehyde group was again liberated by treatment of (54) l;t;_
w1th mercurzg»chloride in aqueous tetrahydrdfuran, yzelding o

55 in 90% y1eld However, ‘th¢ aldehyde- acﬂd (SS), wh1ch was,

LT}
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: T initially soluble in-ether, decompo§gd on standing at room
» ¢ -
. . . . . S - ]
temperature. within 30 minutes, and ‘the resulting product was ° ~//A
. - ‘. ? >
“insoluble in ether. The p.m.T. spectrum showed immediately .
after dissolving"of the aldehyde-acid the.required protons.
However, after some time, a broad p.m.r. spectrum was o
obtained, indicating that the ‘compound was unstable. - 0
| . . ‘ « Toa)
S1nce the~above\results showed that the aldehyde acid (55) i
- is unstable we attempted a fpur cpmponent condensatlon u51ng :
33 ’
,the aldehyde acxd(SS)ln situ. It is known that ammonia, ” o~
L3 ! 4 N 4‘
ptlmary and secondary amlnes,,as well as hydraz1ne der1vat1Ves .
can be used aS’amino component in the_Uglereadtzbn. Y P '
N ‘ . " ’ . B . ,
} o ! » . f
v ¢ .8 ! " *
° © ¢ . s k . v w
R=COOH . +* RENHp + R-CO-R* == R-NHEnC- g ¥ ReCoo
) ' B / : Y
® i " - Rl . ‘ > “‘ oo 4,\“ . ‘, a .
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/// : ' The combznatlon of ammonia or pr1mary amanes ‘and ‘aldehydes

SN iy ~ . or ketones reacts witb carboxy11c acids . and 1son1triles to

form the intermediate d—adducts.~wThe50 undcrgo 0N 8Ly1
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transfer %y a cyclic mechanism yielding B-ac&laminotarbonamides.
The formation of the\twg carbonamnide groups in'the final
product provides thé Teaction with a strong driving f?rce
(see a}rows). In our example, the aldehyde-a¢id (55) functions
. simultaneously as the aldehyde and acid coﬁpdnent. Furthermore»

’

the reaction with the isonitrile takes place in the aqueous
phaseu’33 and "under dilution cond1t10ns",~etherw1se the
formation of resins predominates. ﬁor this reason we used
aqueous ammonium h&droxyde.O.Q Equivaients of ammonium hydroxide
and cyclohexyl isonitrile and phosphate buffer (pH 6) were

added to freshly prepared aldehyde-acid (55). The two-phase
system was vigorously stirrgd for 24‘hours. After workup,

the mixture was purified by %hromatogyﬁpﬁy and the mdjor
fraction recrystallxv//;from\>}ﬁ\1kM/The product showed an

1
absorption at 1730 . cm , inj

ially thought to be the B-lactam,
and the mass spectrum sh \hd a (M +1) at m/e 458, the cleavage .
of the methyl group at é/e 44 and the loss of ac€tone at m/e 400.
. The rest of the fragmen&qt1on whas characterlstlc for the required
« product (41a, page 184). Arf/;ugh the p.m.r. spectrum was
“ con51stent with structure (41a, C24H31N 06) microanalysis
po%nted to CZ4H30N207 , indicating that fhe isonitnile reacted
" with the aldehyde in a Paséeéini-ligg reaction (see scheme 4).
The i.r. absorption at 1730 cm""J ¢ould now be explained as a
d,B-unsaturated‘ester and the peak at‘m/e 458 as the molecular

+

ion peak.
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(: l | CHAPTER 3 - | ]

v )

Attempts to develop a suitable acid protectioh group

for the synthesis of a oxacepham derivative. C i
\ 1

As a result of the foregoing studies it becameyevident c
<1 . r

that an.acid protection group was needed, which fulfilled

the following criteria:

a) Stability to aqueous tetrahydrbfuran, which is )

the solvent required to liberate the free >

aldehyde function. : ° & §

, o
, b) Stability towards ammonia in dry ether, nc¢cessary

to form the imine. : ,] |
" e ‘ ’ ' o ) 1
¢) Particularly mild cleavage prior to or during the - |
. Ugi;reaction in order not to interfere with the ¢
. seritivé\gidimine. ; i

i)

20 . ‘ ),
Chung found that t-butyldimethylsilyl ester of moiel
|

compounds are stable to ammonia in methylenc chloride for
24 hours, but,so;volyﬁpd within 40 minutes in aquedhs tetra-
hydrofuran. This ruled out the possibility of cleaving the
thiazolidine group with mercuric chloride in tetrahydrofuran.
He also discovered that the thiazolidine group in Zga (page 170)

' o ) /w\v .
could be cleaved using m-chloroperbenzoic acid without solvo-

’ f ¥

lysis of the silyl ester.




perbenzoic acid gave, however, a complicated mixture and n
aldehyde silyl ester (58,page 188 ) could be isolated.

-

Treatment of th1azolld1ne511y1 ester(59) with m:chloro-
To try to circumvent the use of m- chloroperben201c acid

we studied 3c1d protective _groups stable to aqueous tetra-

“

hydrofuranl, Trlpheny1511y1 esters are known to be stable
towards ammonia and aqueous cond1t10ns, but format1on of t
triphenylsilyl ester from (54) using the condition described
by Corey H for the preparation of dimethyl-t- buty1511y1
esters, were unsuccessful, probably due to steric hindran e.'
At thxs time a new mild procedure for the cleavage of
an acid protect1on group, 1nvolv1ng the iodoethyl ester was
brought to our'attentionzs.  This ester is easily hydrolyzed
by zinc dust and aqueous tetrahydrofuran at room tgmpera?ure
within 30 minutes. Using, hippuric acid 2-iodoethyl ester,
m.p. 78-80“C as model prepared via the 2- bromoethyl ester
with potassxum iodide ‘in acgtone, we could show that the
iodoethyl group is stable to aqueous tetrahydrofuran and
mercuric chloride, under-similar coﬁdition @hicp are used to
cleave the thiazolidine group. It dlso proved to be stable

P4
Yo excess -ammonia in ether for more than 24 hours.

C N
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Attempts to esterify the thiazolidine acid (54)

r

(scheme 5) with 2“bromoethanol in refluxing toluene and
. Y ) )
p-toluenesulfonic acid, or excess 2-bromoethanol and

0 .
boron tgifluoridezoat 110 ; or dicyclohexylcarbodimide .
! 0
in methylene chlofgge containing pyridine at 25 for 15 °
32 : : .
minutes | failed...With all'methods a reaction did occur;\\\ )

however, none of thérexpected ester (60) could be found.

Instead, the thiazolidine alcohol (24a; page 17bywas
] .

obtained.

s

J

Scheme 5 -
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NH-CO;Ph . NH ) \

"

00-CHy-CHz~ R o coo-%:—’-—
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Consequently, we reinvestlgated tHe hydroly51s of

the tr1chloroethy1 ester (38), us1ng aqueous tetrahydrofuran

i
v

4
and zinc dust at room temperature./ Indeed, (54) m.p.

0 o ' ; . -
159-160 C, was obtained within 5/%inutcs. The t.l.c. was

identical with the product_ obta;ned using 90% acet1c acid.
i zo
Using the sequence, which was already reported by Chung ,
(%cheme 1) we prepared a supp}y of the imine tr/gnzﬁggethyl‘

ester (40, \pagel?l ) by treﬂtment of the aldchyde ester w1th

e IRNETI 'xn-m}%\‘:dﬂ:‘&‘m? PR

ammonia 'in ether. Now, with 1arg§r amount§ at hand, the imine—

Pl

ester could be pur1f1ed by crystallization from benzene, m.p.

157-159"C. o ’
\ ’ -
Thin layer cﬂromatdgraphy of the mother liquors indicated
‘two by-products. Thésé were separated by column chromato-
'gfaphy and identified by p.m.r., i.r., mix-m:p. and t.1l.c. as
the agry;ate ester (32, see pagel81 ) and hippuric acid ¢

B,8,B-trichloroethyl ester (65). Their formation will be
! ' /

explained after additional experimental results are described

(see page 191). = - , - .

‘-
.

%

"We were certEan that the im1ne acid (403, Qfge 171) -
generated from thas reaction, could not be 1solated due to the
decarboxylation mentioned earlietr.' Hence, we perfdrmed the
hydrol&sis and Ugi-peaction 'without iEolation of this inter- -«

‘mediate (40a). oo e ‘ Y.




We used cyclohexylisonitr{k:and phosphate buffer solutions
at .pH 4.5, 6.0 or ammonium acetate at pH 7.0 under conditions
described in chapter-4, which removed the 8,8,8-trichloroethyl
ester group in a&l models studied. But/hnder thesg reaction
conditéons we found no.trace of the oxacephalospérin derivative
(41a) »either by mass spectroscopy (m/e 457); or by infrared

»

spectroscopy (v 1750-1780 cm 1).

All attempt;d cleavage methods of the B,e,s-trichloroethyl
ester (40), benzyl esters 45 and 52 to the key inéermediate
imine acid failéd because of decarboxylation ?iscussed earlier.

g\_\VWe believed a poss1b1e reason for the instability of the imine- .
‘acids could be the presence of the spiro moiety. 'Consequently,
our next approach was the removal of the isopropylidene group

Lfrom (38), with 80% trifluoroaéétic acid to the diol (61) |
(Scheme 6). Acetylatlon with acetic anhydride 1n pyridlne
afforded a crysjtalline mono acetate, m.p. 121- 122 C (62a).

. The p.m.r. of the obtained product was quite different from,

tﬁe exp;cted one. ;A%though the isopropylidene group was no '’
longer pfesent; t%e sgectrum showed only one acetyl group at

/ 6 1.85 ppm. Furtherﬁgke, the olefinic proton at_&87.66 ppm was

not present. Two protons, H_, doublet at 5.55 ppm

a’
(J%}B = 2.5 Hz) and H, dd at”5.16 ppm (Ja,b =‘2,S Hz and
Jb,NH = 8 Hz) appeared, indicating that one of the hydroxyl

»

I S . )



_at lower field thah 5 ppm. The p:mhrw spectrum is shown on’
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group reacted with the carbon doque bond to form a

six- membered r1ng compound (62) (Scheme 6, page192 ). The
alternatlve five-membered ring strﬁcture could.be -excluded

because it would demand a primary 1detate, with §CH,-OAc

i
H
i
H

page 193 (figure 3).

@ a

-

This discouraging but rather int ﬁZSting result helped
to explain the low yields of imine jester (40), obtainecd’
from a mixture of hydrated and ffé# aldehyde (39) with

anhydrous ammon1é in ‘ether. °39 co faxned approxxmately

50-60% of free aldehyde as determ ned by p.m.r.

- The formation of acrylate ggte& {32) and hippufic acid
8,B8,8- tr1ch10roethy1 ester (65) Jhich were oﬁféined after
hydrolysis of the aldehy&e prote%t1ng group with THF/H 0
and mercuric chloride (see page 1b9)cou1d now be explalned
and probably resulted from the réact1on of the hydrated
aldehyde (63) via (64) (Scheme 7 ,page 196).

|

'
9

Consideration of the above results caused us to re-
investigate the Ugi-reaction with imine acid (40a, see page 171)
and cyclohexyl isonitrile. These types of reactions are ,

t - o e ) -
carried out in the two-phase mixture of water and petroleum .

ether. The reaction with the isonitrile presumably takes
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place in .the aqueoJ?’phase. If the reaction is carricd out {
, ,
16 313

in a single organic phase, the formation of resin predominates ~
An earlier attempg to reduce polymerization by .variation of <
1

petroleum éther/water or tetrahydrofuran/water ratios failed.
¥ Since’we were unable fo isolate the imine dcid (40a, page 171 )

we decided to hydrolyse the B,B,B-trichloroethyl ester of

[P

+imine (40), with Zn/HEO/THF in the presence of cyclohexyl

isonitrile. Carcful workup of the reaction mixture failed

to reveal the presence of an oxaccphalosporin derivative,

but showed a strong peak at 1730 cm'lsimilar lo tﬁat o€'57
(page 184). . .

)

It seems that addition of water to the imine is very rapid
v AN . . o

and that no imino\acid (40) is present in significant concentration

i ' ,Q \/

5 Support for this explanation came from the fact that a 3pall
. v _- R B

‘s

4
~

amount of hippuric acid 8,B,8 trichloroethyl cster (65) was

isolated from the reaction mixture of imine ester (40) with

THE/I,0 without zinc dust (Scheme 8 ,page 197). ,

£ ! , g

! In summary, the failure of these approaches can be attributed
to three factors, all of wh}ch became‘eyident as the results of, ’

.

3 the above studies: ' .




1)
2)

3)

PRGSO 7 ¢

) .
.Polymerisation of the ipine acid- (40a) with isonitrile

dgging the Ugi-reaction

.
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Reaction of the imine ester (40) with water;

*

Isomerisagion of the imine acid (40qﬂ, followed- :

by decarboxylation and » o . ) 1

~

T - b oA

33

*
f
H
H

’

-, Consequently, this scheme had to“be abandoned.in .its
. e >t s
present form. ) Co .
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3

‘ %

A new mild cleavage of 8,B,B-trichloroethyl esters and

B,B,B8-trichloroethoxycarbonyl groups.

During the course 6£ work described in the foregoing ' ‘
chapters, it became neassary to protect carboxylic acids

with a p;otécfing group that could be easily introduced

and that cbuldlbe removed under extremely mild, preferably . (
neutral conditions. ‘V”’J

W“‘ ’
1
1 i
i
‘ - i
5,81 i
A

Iodoethyl esters”’’ fulfill the latter condition,
in that these¢ esters can be cleaved with zinc in orgaﬁic
solvents; they are difficult to prepare, however, and
‘ particularly unsuitable in cases, where the bromine-iodine
exchange int?rferes with other sensitive functions of the
molecule. Furthermore) iodoethanol is physiologically

Hn o e PRt DR RO B MRS D Tk

wmw
-~

active, and great care has to be exercised when handling

it and its derivatives..

B,B8,8-Trichloroethyl esters on the other hand are easily i

prepared by esterification. Their cleavage with zinc dust,

. ] 3,345,358
however, was believed to proceed onl¥ under acidic

L 36,37 '
conditions or at elevated temperatures _

A4

o N
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.«w“
We developed a method, by which B,S{B—trichlotoethyl
esters can be cleaved at room temperatures with zinc dust .

in aqueous tetrahydrofuran within 10 minutes.

r

<

In addition to the complicated imine ester of chapter 3,

k)

we studied several examples of carboxylic acids or uretlianes. .

. The results are listed in table 1.
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< Table 1
Acid,’phenol ~ ’ . A Recovery \_/
8,8,8-trichloroethyl ester
or amine : .
(time required for cleavage)
’i:ld -'bl/b'p. litt “ethod pﬂ 4.2 pH 5.5 . pH 7.2
{54) s:hé-e S 92 oil - - see chapter 3§ 74 (10 min.) 70 (10 min.) 72(10 min.)
Chapter 3 )
P ‘r
Hippuric acid 98 125-126 : - B 76 (10 min.) 83 (10 min.) 66 (10 min)
. Ansic acid 74 115/20u - A ‘84 (10 min,) 76 (10 min,)
Cinnamic scid 3 1] 112-115%/15u A 83 (10 min.) 77 (30 min).
i . 1 11
1-Amino-adamantan 97 122-124° 123-124° 11,09 36 (30 min.) . 96 (18 hrs.)
. Bstrone 87 | 139-142° 140-141° 112, 0% 97 ( 6 hr. ) 12 (24 hr.) 16 (24 hr.)
=
i
- [y¥]
(o]
?
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. ry . &
Several methods for the preparation of B,B,B-tri€#10r0=
}

D e P e
2
s

ethyl esters have been reported. We used either boroh-
X ¥

trifluoride-etherate alcohol (Method A), or refluxing

the alcohol in toluene in the presence of p-toluenesulfonic L 5

acid39 (Method B). The urethane and carbonate esters were

prepared with excess 8,B,B-trichloroethoxycarbonyl chloride
S W o
in pyridine and stirring for 2 hours at room temperatures ,

36
or under Schotten Baumann conditions .

ey T o o S

EY
A successful cleavage was acéomplished at room temperature,
by dissolving the esters in THF, addition of a several fold
molar excess of zinc-dust, followed by a 1 molar KH2P04 (pH 4.2),

KH,PO4/NaHPO4 (pH 5.5) or ammonium acetate.(pH 7.2) solutions

The ratio of THF vs. aqueous buffer solution was critical
and it is necessary for complete reaction to maintain a ,

¢

g -
homogeneous mixture.

The unmasked products were characterized by i.r., t.1l.c.,
m.p. and m.m.p. . .

This gork éould be extended to the selctive cleavagec of
trichloroethyl ester in the presence of trichloro urethanes
and trichloro carbénaég esters, since esters cleave within
10 minutes, whereas uretﬁanes and carbonate esters require

considerable more time (see table 1).
. | Co
( ) The results of Chapter 4, are reported in a forthcoming

vz
publicqﬁion .
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Mellting ints were deéermined on an electrothermal ; ‘

¥
f

block and are coxrected. .
| | | -
Mass spectra were obtaineld on an AEI-MS-902 mass . .

¢ .spectrometer at 70 e.V. using a direct insertion probe.

o

5 R !'
P.m.r. spectra were recordéghon a .Varian T-60 spectrometer,

ysing tetramethylsiléhe as‘an inte}nal étandard.o Doublets,

+ triplets, and quartets in the p.m.r. spectyal data were
recorded as the center of the péaks and multiplets as their
range of abpsorption. I.r. spectra were obtained on a Perkin- -

-

. Elmer 267B infrareilfpectrophotometer.

L]
\

. Analytical thin lay ;hromatograpﬁy ﬁas performed on

‘ ‘ silica gel coated plates -and on a preparative scale on silica

gel (Merck UV,s,,3¢¢) CoO8ted glass plates.

\P / .
Microanalyses were carried out by Micro-Tech. Labor-
/

atories Inc. and C. Daessle, Montreal. -

&.
*
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was st1rred at room temperature for one hour Unreacted
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Mannitol.diacetonide (21) ) o

D-Mannitol (182 g) was suspended in a mixture of
acetone (1500 ml) and dimethoxypropane (180 g).

P- Toluenesulfonlc acid (1 g) was added and the suspension

mannitol (90’ - 100 g) was filtexed off and "the filtrate
shaken with anhydrous potassium carbonate (50 gs(pntil
it wa§)c610r1ess."Potassium carbonate was filtered off

and the filtrate evaporated to dryness in vacuo. The

semi-solid residue was fransferreayto an Erienmg r fla
containing petroleum ether (60 - ‘80°C) (3500 ml) and

heated to boiling with good stirring until'glmoﬁt 4ll the
solid had been dissolved. The undissolved material. was
immediately filtered and the filtrate\heated to boiling.

The solution was cooled and thé'prbduct col}ected by filtfa-
tipn, washed‘with cold petroieum ether and allowed to dry.

Ay

19,20 0
Yield: - 30 g, m.p.: 119-121°C. (1it. = m.p..119-121°C).

P.m.r. (CDC14): & 1.37, 1.42, (each s, 6H, acetoniﬂe),
. 2.70 (broad s, 2H, OH), 3.6-4.25 ppm. |
(m’ 8H) 1

1_ P «
I.r. (KBr): " 3400, 3280, 3000, 2946, 2900, 1427, 1396,

' 1385, 1374, 1169, 1135, 1078, 1050 ecm™ 1. . — .

,
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: 2,2~ Dlmethyl -1,3, ﬁ%g tetraoxaspxroi4 5]10- detanol (23)
- . ] e

Ménnitol diacetonide (21) (Zﬁhg) was dissol&ed in a
pH 6 béffe solution - (400 ml) and sodium periodate (20.4 g)
was added. \After the mixture was stirred for 30 minutes,
40% formdld;ﬁyde (74 ml) and a solution of  potassium carb-

onate (23.1 g) in ﬁhter (70 m1) were added. . The mixture

was stirred overnight at room temperature'aﬁd extracted
- »
three times with methylene chloride. The combined extracts

. were dried over anhydrous sodium sulfate, filtered and

¢
evaporated in vacuo. The crystalline product was pure enough
for further use.’
v t
) ) 20 L

Yield: 28.3 g (81%), m.p.: 89:90°C. (lit. m.p. 89-90°C).
P.m.r. (Acetone-dg): 'S8 1.49 (s, 6H, acetonide), 3.9 (ABq,

4 J=10 Hz, ZH, OCH,), 4.2 (ABq, J=10 Hz, 2H, QCHy),

[ J . ) 4,02-5.97 (broad, 1H, .

‘ QKKWOH), 5.0 (ABq, J=7 Hz, 2H, 0-CH,-0), 3f12’ppm ‘g

, (s, 1H, o—cn-g?. .

N ' —
I.r. (KBr): 3405, 3100-2910,T¥;7o, 1396, 1384, 1220, 1162,
1090, 1080 cm™l.




1,2-0-Isopropylidene+2(3'-methylthiazolidine-2'yl)propane-

o, N e o
~

(F; ‘ 20
. triol (24a) .,

T The dioxan (23) (123.5 g) and N-metylaminoethanethiol (29) !}_
(150 g) were dissolved in dry benzene (7.5 1) and the mix:‘
tufe heated until benzene distilled slowly. After 5 1 of
. benzene had been collected, the remaining benzene was eva-
o porated in vacuo. The rés;due was twice distilled und;r

high'vacuum and the fraction, boiling at 109-111°C/0.02 mmHg

was collected.

-
-

Yield: ®116.0 g (77 %) e

3

P.m.r. (CDClg): 6 1.47- (s, 6H, acetonide), 2.50, 2.58 (each s,
3H, N'CHg), 2.87-3.23 (m, 4H/,(' N-CH,-CH,-S), ‘f
3.8 (q, J=SHz, 2H, OCH,-C), 3.93 (q, 2H, OCH,),
4.1 (s, 1H, OH), 4.48, 5.57 ppm (each s, 1H,

% N-CH-S) S
/ ’ ) .
3460 (broad, OH), 3000-2800, 1470, 1390, 1379, .

1

I.r. (neat):
 1300,/1216, 1071, 1000 cm . ,

‘ ™,
Mass spectrum (70 e.V.): m/e = 233 (M*)
2 ’ v . ]
Anal.Calc. for Cldﬁ NOSS : C, 51.49; H, 8.21; N, 6.01; S, 13.72. ;

Found : C, '51.53; H, 8.17, N, 6.13; §, 13.63(

o
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l,Z-O—Isopropylidfne~3-O—methanesulfonyl-2(3';methxlthiazoli-

dine-2'yl)propanetriol (25a).

- !

A solution of the thiazolidine“alcohol (é4a) (116 g)
and triethylamine (76 g) in methyleﬁg chloride (2 1) was
cooled to -78°¢ in a dry ice/acetone bath and freshly
distilled mesyl chloride (63 g = l.llequivalent) in methylene
chloride (500 ml) was added dropwisé over a Period of
4 . hours. The mixture was poured into wate£ (3 1) and‘t@e
organic layer washed twice with cold wa ter. fhe meéhylene
chloride solution was dried over anhydrous sodium sﬁlfate,
filtered“and evaporated in vacuo. The oily residue was
dissolved in ethyl ether (ZQO ml) and keptaovernight in

the refrigerator. The white crystalline product was collec-

ted by filtration, washed with cold ethyl ether and dried

in vacuo. ’\\»\

Yield: - 146 g, (94%), m.p.: 65-66°C. -

P.m.r. (CDClg): & 1.44 (s 6H, acetonide), 2.37, 2.42
(eaCh s’ N‘CHS), 2.8-3-18 (m’ 4H’ N‘CHZ-CHZ-S)’
3.06 (s, 3H, SO,-CHy), 3.95 (a, 2H, CH,-0),
4.20, 4.25 (each s, 1H, S-CH-N), 4.30 ppm ;

I.r. {kBr): 3030-2810, 1455, 1391, 1380, 1361, 1339, 1300

> 1252, 1220, 1200, 1180 cm L. v

1

Anal.Calc. for C H_NO S % C, 42.45; H, 6.75; N, 4.50:
1121 52 .. 7 ; N, 4.50;.8, 20.58.

1] 7

Fournid: C, 42.25; H, 6.59; N,. 4.62; S, 20.32°%

Q.

il

i
i
1

s
1
i
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t (? 2,3-0-Isopropylidene-2-hydroxymethyl glyceraldehyde

mesxlate*. ' ) . .

The thiazolidine’mesylate (ZS§) (311 mg) was dissolved
inSO% aqueous acetonitrile or tetrahydrofuran (10 ml)-and
mgfcufic chloride (975 mg = 1.2 equiv.) was added. The white
miliy suspension .was refluxed for 30 min. and then filtf‘&f;/

The filtrate was evaporated in vacuo and the residue extracted

with methylene chloride. The methylene chloride solution was

washed with dilute hydrochloric.acid and water, dried over
" anhydrous sodium sulfate, filtered and evaporated to dryness

in vacuo, giving a colorless oil.

" Yield: 620 mg (87%)

~

P.m.r. (CDCIS):G 1.55 (s, 6H, acetonide), 3.10 (s, 3H,
S0,-CHg), 4.12 (d, J = 3 Hz, 2H, CH,-0-C),
4.42, s, 2H, S0,-0-CH,;), -9.60 ppm (é. 1H,
H-C=0) . ]

.4 o
=

I.r. (neat) : 3475, 2997, 2945, 2900, 1725 (aldehyde).
-

Anal.Calc. for CgH,,S0.: C, 40.34; H, 5.88; S, 13.46.

+

Found:' C, 40.10; H, 6.11; S, 13.35.

»

\
*Model reaction

£

.- B = SN N - v o
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mixture of N- atpylethﬁnolamine (27) (150 g) and’ R ?
copcentrated sulfuric g-id (210 g) was heated slowly to

139°C and water was slowly -istille% off. When all the ;

watex had been removed, the te peraéure was raised to

250°C -;g the mixture cooied impediately. The black solid
was dissoNved' in water (700 m1) knd a sodium hydroxide
solution (40Q g in gOO ml of water) was added. The mixture

_was slow;yéﬁis illed with vigorous “stirring and -400 ml of N

» - e
distillate consisting of aziridi ana;ya er was collected

in an ice bath. Potassium hyd oxide {100 g) wqs added iﬁ

shtacin e

portions to the distNlate ﬁité/cooling, and the \separated

organic layer collected\gnd distilled. The fracthion boiling

: 27 W
at 27-31°C (1lit. 26-%dac was gollected.
Q ’ ) - L)
Yieid: 45.6 g (40%) | : v

R4

I.r. (CHClg) : ¥100-2800, 2500, 1670, 1470, 1309, %100, 995 cn L,
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(f; ' N—Methxiaminoethanethiol (29) ' ' g

~ -
. 2

_Dry methanol (750 mi) was cooled in a dry ice/acetone

bath and saturated)with hydrogen sulfide. A solution of

N-methylaziridine (28) (160 g) in dry methanol (800 ml)

can e s

was added dropwise to this mixture with slqw.bubbling of

hydrogen sulfide for 2 hours. The mixture was then brought
to room temperature and stirred overnight under dry nitrogen.
The methanol was evaporated in vacuo and the resulting white

', solid was collected by filtration, washed with cold pentane.

K iy g 0 RO T SISO

R4

The product was very hygroscopic, and was Kept in the refrig-

- erator under nitrogen.

L3

N B
i Yield: 150 g (58%), m.p.: sb-53°C (1it.’* 48-54°C)
E ) }
: P.m.r. (CDC1.): & 1.82 (s, 1H, SH), 2.23 (s, 1H, NH), 2.59
§ .
; \ o (s, 3H, CHg), 2.46-2.78 ppm (m, 4H, N-CH,=
{ ' "CHz's) 9 7 )

"

-
A

pae—

S5

; I.r. (CHClj): 3340 (NH), 3060-2800, 2520 (SH), 1680, 1485,
1120 cm~ 1,

)
——
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4-Bthoxymethy1ene:2-phenyl-s-oxéiolone (31)

e =

. Hippuric acid (360 g) and triethyl orthoformate (300 g)

! ' ~ were heated for one hou} under reflux yith acetic anhydride
(400 g),l(bath temp - 140-150°C)‘f'Lo;,boiling material was
then removed at reduced pressure _ The dark red residue soli-
dified on coollng. Treatment of the’ solld w1th charcoal

and recrystalllzat1on from petroIeum ether (60 - 80°) gave pink

[ b
»
1 ' " e

needles. ) . ),

tay
- !
11 .n‘:

Yield: 195 g (45%) m.p. 95<97‘”Ciifi

2 97L98°c).

P.m.r. (CDClg): & 1.47 (t, J = 7 He, 3H, CHg), 4.46 (a, J = 7 °Hz, |
2H, CHp), /.40 (5, 1H, CCH), 7.45- 8.20 ppm

¢ . .- (m, SH, phenyl). ;o .
r. (KBr) : 1785 C=0, 1673 cm™1 (C=N).
) |
2 > / ]
) ; - '
.-
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4 -Hydroxymethylene-2-phenyl-5-oxazolone (3la)

°
i

4-Bthoxymethylene-z;phenyl-5-oxazolone (31) (19S5 g,
0.9 mole) was suspended in 18 Zkof a O.I\N sodium hydroxide
solution and stirred vigorously until everything dissolved.
The réddish solution was filtered, and the filtrate acidi-
fied with cold dilute hydrochloric acid. : The precipitate
was immediately collected by fi}t;ation, and dried at r.t.

in vacuo.

/

Yield: 125 g (67%), m.p.: 142-144° (lit.'® 152°C).

P.m.r. (DMSO-dg):67.50-8.10 (m, 6H, phenyl C=CH), -

10.10 ppm (s, iH, OH)

I.r. (KBr): 3500 (broad), 1795 (oxazolone), 1613, 1585, |
1500, 1380, 1300, 1118 cm’l. _ a
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8,8,B-Trichloroethyl 2-benzamido-3-hydroxy-acrylate (32).

P

4-ﬁydroxymethylene—Z—phenyl-S-oxazolone (31a) 669i3 g,
0.365 mole) was sugpended in dry benzene (3.5 1) and B,B.B-*'
trichloroethanol (109 g, 0;73 mole) was added.” The suspension
was stirred under reflux for 6 hours and the clear solution
evapofated. The oily residue was triturated with petroleum
ether (30-60°C) and kept overnight in the refrigerator. The

red solid was collected by filtration and recrystallizéd from

" petroleum ether (60-80°C). Treatment with chagcoal gave pink

needles.

Yield: 95 g, (76.6%), m.p. 87-88°C.
-

P.m.r. (CDC1,): & 4.98 (s, 2H, CHy-CCly), 7.57-8.15 (m, 6H,

phenyl and C=CH), 8.6 (broad, 1H, NH), 12.7 ppm (broad,
1H, OH).

v

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.’

Analysis: Calc. for C, H,NO,Cl,: C, 42.57; H, 2.98; N, 4.145

1210 4773
Cl, 31.61. , Found:bC, 42.83; H, 2.74; N, 4.27;
‘c1, 31.29,
;-
- o T AR TR, L g Y i -

>

1o
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B,B8,B-Trichloroethyl 2-benzamido-3-hydroxy-acrylate

%
sodium salt (32a).

. o F3
B,B,R8-Trichloroethyl Z-benzamido-3-hydrox§hcrylate (32)
(91 g, 0.27 mole) was added to an ethanolic solution of

.sod¥um ethoxide (4.6 g of sodium in 200 ml of ethanol). The

O R e

- mixture was shaken for 10 minutes and ethyl ether (1 Liter)

{ |
added. The precipitated sodium salt was collected by filtra-

B O

tion, washed several times with ethyl ether and dried in vacuo.

* : Yield: 70 g (72%), m.p. 200-202°C (decomp.)

1

P.m.r. (DMSO—dG): 8§ 4.74 (s, 2H, CH2
phenyl), 8.42 (s, '1H, NH), 9.12 ppm (s, 1H, C=CH).

-CCl,), 7.3-;.1 (m, SH,

I.r. (KBr): 3300(broad, salt), 3070, 2960, 1675, 1640,
L s
1592, 1540, 1500, 1373, 1287, 11§O em” 1.

%

Anal. Calc. for C, H NO,Cl,Na: !

12
9I 4 ' ; \-*2 .

c, 39.87; H, 2.52; N, 3.89; C1, 29.50.
Found : C, 39.90; H, 2.63; N, 4.13; C1, 29.74.

. 4.‘,*“4-’$~'§. -
S N T L . < A TR
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B,B8,8-Trichloroethyl 2-benzamido-3-((§2',2'-dimethxl-4';

g
e

(3"-methylthiazolidine-2"-y1)-1',3'-dioxolan-4"'-yl)methyl)

oxylacrylate (38).

<

The sodium salt (32a) (70 g, 0.195 mole) was suspended °

T

in a solution of the thiazolidine mesylate (25a) (40 g,

0.130 mole) in dry 2-butanone (17) and the mixture stirred

at 80-85°C (bath temperature) for 12 hours. The salt was
filtered off and the filtrate evaporated. The red fesidue
was dissolved in ethyl ether (50 ml), treated with charcoal,
filtered and evaporateé. %he yellow oil was further puri-
fied by passing through a silica gel column us;ng benzene/
ethyl acetate (9:1) as eluent. Evaporation of the solvent v

gave colorless crystals. On recrystallization from ether,

a pure sample was obtained.
Yield: 48.8 g, (68.5%), m.p.: 126-128°C.

P.m.r. (CDC13): 6§ 1.35, 1.46 (each s, 6H, acetonide),

i AN v RN

2.37 )s, 3H, N-CHy), 2.8-3.2 (m, 4H, N-CH,-CH,-S),
3.93 (q, J = 10 Hz, 2H, OCH,), 4.24 (s, 2H, OCH,),
4.46 (s, 1H, N-CH-5), 4.84 (s, 2H, CH,-CCl,),

7.33-8.0 ppm (m, 7H, phenyl, NH and C=CH).

I.r. (CCl,): 2990-2800, 1730 (ester), 1698 (amide),
1660 (C=C), 1503, 1480, 1381, 1369, 1210 cm™ 1.

Mass spectrum (70 e.V.): m/e = 554 (M%),

Anal. Calc. for C22H27N2068C13;

C, 47.71; H, 4.91; N, 5.06; S, 5.79; C1, 19.20.
Folmd: C, 47'99; H, Stlo; N’ 5-‘26; s, 5.50; Cl’ 19-41.

h e et e i i

< L4
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('f B,B,B8-Trichloroethyl 2-benzamido- 3- (((4'- formyi 2',2"'- !

dimethyl-1',3'-dioxolan-4'-yl)methyl)oxy)acrylate (39@

Mercuric chloride (9.7 g, 35 mmole), was added to a
-s0lution of the thiazolidine ester (38) (19.8 g, 35 mmole),
in tetrahydrofuran (200 ml) and water (20 ml); the resulting
suspension was stirred for 5 minutes (t.l.c. benzene/ethyl
acetate showed absence of thiazolidine ester). The reaction
mixture was filtered and the filtrate evaporated. The residue
was chromatographéd on silicic acid, first eluted with
benzene/ether (9:1), to remove all the mercuric salts, then

with benzene/ether (1:1). The main fraction containing the

\L
aldehyde ester was concentrated to give a yellowish foamy

solid. Yield: 13.5 g, (77%).

P.m.r. (CDC13): § 1.39, 1/45 (6H, each s, acetonide), 4.10,
4.25 (4H, each s, two CHZO), 4.80 (2H, s, CH,CCl3),
7.2-7.9 (m, 7H, phenyl, NH, C=CH), 9.63 ppm (s, 1H,CHO).

.I.r. (KBr):;/ 3340 (broad, NH, hydrated form), 1730 (ester,

aldehyde), 1650 (amide), 1600 (phenyl), 1380, 1370 cm”
(gem dimethyl).

Mass spectrum (70 e.V.): m/e 481 [M*, (C137)], 479 [M* c135%), ™
466 [M"(c137)-cu3], 464 [M*(C135)-CH3].
Anal.Calc. for C19H20N07613' C, 47.47; H, 4.19; N, 2.90; C1, 22.12.
i
O Found: C, 47.20; H, 4.26; N, 3.15; C1, 21.98. |

<+

= e e e e i e e v e g e e e
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a-Benzamido-Z,2-dimethy1-1,3,7-tr;oxa-9-aza(spiro)[4~5] dec-

9-ene-8-acetic acid B,B,B-trichloroethy]l ester (ﬁg)l

A solution of the aldehyde 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

W RIS, W

© ' chromato phed on silicic acid using ether/benzene (1:1)

L g

4.06 (t, 2H, CH,0), 4.82 (q, 2H, CH,.CCl;), 5.43-5.62
(m, 2H, CO-CH-NH, N-CH-0), 6.77 (d, J = 9 Hz, 1H, 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 ' (gem-
dimethyl).

R

Mass spectrum (70 e.V.): 'm/e 478\[M*(C13§], 480 [M" (C137y7,
464, 463 .(M'-CH;), 422, 420 (M*-acetone). .

S A s

A

Anal. . :
al.Calc. for C19H21N206C13 :

C, 47.57;- H, 4.41; N, 5.84; Cl1, 22.17.
Found: C, 47.46; H, 4.61; N, 6.02; Cl, 22.24.

NG
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: . Attempted preparations of the oxacepham derivative (4l1a).

Imxne ester (40) (958 mg, 2.0 mmole) was dlssolved_}n
tetrahydrofuran (10 ml) and cyclohexyl 1son1tr1ie33 (655 mg, ’
6 mmole) added with st1rr1ng . After 10 minutes zinc dust
(2 g) and a 1 molar phosphate guffer** solution (2 ml) was
ddded***, the mixture stirred at room temperature for 24 h.
Water was added and the product extracted with ether.

The ether layer was dr1ed over sod1um sulfate and concen-
trated to a light yellow‘oilz which was subjected to careful

chromatography on silitic acid using ether/benzene (1:1)

as eluent. Every fraction was analysed for the presence

of the oxacepham derivative by infrared (B8-lactam) and - s

mass spectrometry (m/e 457).

- \ i
'y .
in some experiments, the isonitrile was added 5, 10 and

30 minutes aftet removal of the zinc.

L -

£
) * 'KH_PO , pH 4.2; KH_PO_/Na HPO , pH 5.5; Ammonium @
2 a4 F }KH PO (Na HEO, .+ P

acetate, pH 7.2 ., ¢ “

REA
in other experiments, EDTA (2.5 mmole) was added after

C e .the zinc was filtexred off.

A3

~ \

/
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p-Methoxybenzyl 2-benzamido-3-hydroxy-acrylate (42)

it

red

4—Hydroxymethyfene-lehenyl-S-oxazolone (31a) (18.9 g,
0.1 mole) was suspended in.benzene (460 ml) and “p-methoxybenzyl
alcohol (15.2 g, 0.11 mole) was added) The mixture was refluxed
for 16 hours, evapof;ted and the residue recrystallized from

benzene/petroleum ether.

il

Yield: 24.2 g (74%) m.p. 101-102°C.

\

i ' «
-F

P.m. 1. (cnc13f: 6 3.82 (s, 3H, OCH;), 5.20 (s, 2H, o-cnz),
7.15 (q, 4H, p-subst.phenyl), 7.4-8.0
(m, 6H, phenyl; CH=C), 8.50, (s, 1H, NHCO),

12.32 ppm (d, J = 12 Hz, 1H, OH).

I.r. (KBr) 3335 (oH), 1688, 1650, 1600, 1540, 1510,

1388 cm”1. ’ |
Mass spectrum (70 e.V.): m/e 327 (M?), 310 (M'-OH).
Anal.Calc. for Cis“17"°5 (327.3): C, 66.05; H, 5.24; N, 4.28.

i

Found :

C, 66.10; H, 5.33; N, 4.25.
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p-Methoxybenzyl 2-benzamido-3-hydroxyacrylate sodium salt (42a)

-

p-Methoxybenzyl 2-benzémido-3-hydroxyacfylafe (42),
(23 g, 0.07 mole),/;as'suspended in ethanol (200 ml) and
an ethanblic solution of sodium ethoxide (1.55 g, 0.075 mole
of sodium) was added with vigorous stirring. Thgﬁsuspension
dlssolved immediately and the sodium salt precipitated.
Ethyl,ether (200 ml1) "was added and the white salt collected

by filtration, washed with ether and dried in vacuo.
Yield: 22 g (90%), m.y{ 225-226°C.

I.r. (KBr): 3400, 3200, 1635, 1600, 1355, 1515, 1485, 1460,
Ve 1400, 1358, 1310 cm™l. (

'Mass spectrum (70 e.V.): m/e 349 (M'), 300, 243, and 228
. + .
(M “CHZ ’p‘0MOC6H4) .

—

©
18 16

o Found : C, 61.46; H, 4.54; N, 4.11.

Anal.Calc. for C__H Nosua.(3ﬁ9.33): C, 61.88; H, 4.61; N, 4,00.

RSO
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p-Methoxybenzyl Z-benzamido-3-(((2',2'-dimethyl-4"'-

‘ »
(3"-methylthiazolidine-2"-yl)-1',3'-dioxolan 4-yl)
methyllpxy)écrylate (43).

»

The sodiu@ salt (42a) (22g, 0.063 mole) was suspended

in a sdiution of the thiazolidine mesylate (25a) (12 g,

0.0386 mole) in 2-butanone (300 ml) and the mixture refluxed
for 16 héurs. The. salt was filtered off and the filtrate
.rf evaporated in vacuo. .The residue was chromatographed on a
silica gel column, eluted with chloroform/methanol (98:2).

Evaporation of the solvent gave a colorless oil,.

~
{

'Yield: 20 g (95%). i

P.m.T. (CDCls): 8 3.35, 1.42 (each s, 6H acetonide), 2.28,
2.38 (each s, 3H, N-CHy), 2.8-3.1 (m,.4H, N-CH,-CH,-S),

3.80 (s, 3H, 8CH,), 3.8-4.2 (m, 4H, 2CH,~0), 4.39, 4.49

N

(each s, 1H, N-CH-S), 5.18 (2H, CHy), 7.20 (q, 4H, p-

' : methoxyphenyl), 7.29-;?32, ppm (m, 7H, phenyl, NH, C=CH).

I.r. (CHCl,): 3420 (NH), 2980 (CH ), 1670 (ester, 1368,
1378 cn™! (gem-dimethy1). ’ .

4
j(f:) Anal.calc.for C28H34N207S x %H,0:

C, 60.96; H, 6.39; N, 5.07; S, 5.81
Found: C, 60.59; H, 6.14; N, 4.95; .S, 6.05.

»
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p-Methoxybenzyl 2-benzamido-3-((4'formyl-2', 2'-dimethyl-

1',3'-dioxolan-4'-yl)methoxy)acrylate (44).

'Y
The thiazolidine ester (43), (20 g, 0.037 mole) was

f dissolved in acetonitrile (240 ml) and water (60 ml). A :
§ Mercuric chloride (12 g, 0.0445 mole) was added to this %
; solution. The immédiately 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 weré  washed with
dilute hydrochloric acid and water and dried. After
evaporation of the solvent, the residue was passed through

8 silica gel column using ether as eluent.

Yield: 14.5 g (84%) oily residue.

'

P.m.r. (CDC13): § 1.38, 1.40 (each s, 6H, acetonide), 3.80
N (s, 3H, OCHy), 3.95-4.30 (m, 2H), 4.10, 4.21 (each s,
2H), 5.15 (s, 2H,CH,-0), 7.10 (q, 4H, p-éCHs-phenyl),
7.3-7.9 (m, 7H, phenyl, C=CH, NH), 9.70 ppm (s, 1H, CHO).

~F

I.r. (CHCIS): 3410 (NH), 2980 (CHZ), 1700 (gster), 1670 (CO),
1608 (phenyl), 1370 cm™! (gem.dimethyl).

Mass spectrum (70-e.V.): m/e = 469 (M¥).

Analysis calc. for C,_ H,,NO_xH G : C, 61.59; H, 6.00; N, 2.87.

2572777872

. Found : C, 60.99; H, 5.99; N, 2.91.
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(} a-Benzamido-2.2-dimethyl-1,3,7-trioxa-9-aza(spiro)[4,5]dec-

v SRR e o e

i
[
i
;

9-ene-B-acetic acid p-methoxybenzyl ester (45) and by-

product (46).

4

t

The éldehyde ester (44) (14 g, 0.03 mole) was 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

> wusing ether as eluent.

-

B i e b e et A Sl Y

The first prodyct eluted was crystallized from ether-

petroleum ether and its spectral data indicated it to be

the required product (45).

Yield: 3.0 g (22%), m.p.: 114-117°C;
A >

P.m.r. (CDC13): 5§ 1.40 (s, 6H, acet;nide), 3.62, 3.75 (each s,
o 2H, CH,0), 3.80 (s, 3H, OCHy), 3.92-4.10 (m, 2H, OCH,),
5.18 (s, 2H, CH,-0), 5.3-5.5 (m, 2H), 6.95 (s, 1H, NH),
7.10 (q, 4H, p-methoxyphenylj, 7.4-7.9 ppm (m, 6H, phenyl, |
C=CH). - |
I.r. (KBr):- 3408 (NH), 2983, 2937, 2865 (CH ), 1745 (ester), {
1659 (amide), 1611 (phenyl), 1578, 1514, 1484, 1379,

1372 cm” 1. . "

(;) Mass spectrum (70 e.V.): 468 (M+), 453 (M*-CH,), 4107

(M*-(CHs)ZCO), 347 (M’-CHz-p'-methoxyphenyl),
+ 303 (M*-COOCH, -p-methoxyphenyl). CT




o

e
RS PO

Analysis calc. for C25H28N207 x kHZO : C, 62.88; H, 6.12;
N, 5.86. ! Found: C, 62.38; H, 6.12; ¢ o

N, 5.42. ' '

The second fraction eluted gave (46) as a colorless oil.

Yield: 2.3 g (15%).

2

P.m.r. (CDC1g): & 1.20 (t, J = 7 Hz, 3H, CHg-CHp), 1.28
(s, 6H, acetonide), 2.80 (t, J = 6 Hz, 1H, OH),
3.32 (q, J = 7 Hz, 2H, CH,-CH), 3.67 (4, J = 6 Hz, 2H,
CH,-OH), 3.77 (s, 3H, OCHy), 3.6-3.8 (m, 1H, CH-N=),
4.00 (d, ZH, CH,0), 4.48 (4, J = 9 Hz, 1H, N-CH-CO),

5.12 (s, 2H, CH,-phenyl), 6.7-8.0 ppm (m, 11H, phenyl,

2
p-methoxyphenyl, NH, N=CH).

I.r. (CHClS): 3390 (OH), 2970 (CH,), 1650 (ester, amide) .
1370/1380 ‘em™l (gem.dimethy1).

U.V. (EtOH): max. A 231, 279 n.m.
Cdd Ay

. Mass spectrum (70 e.V.): m/e 514 (M'), 499, (M -CHs),
484 (M*—CHZ-O), 469 (M*-OEt), 468 (M*-EtOH).

. [ et "' . 2; .66; 50 1
Analysis calc. for CyqHgyN,Op: €, 63.0 H, 6 N, 5.44

- Found: C, 62.92; H, 6.68; N, 5.32.

P
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Treatment of u-Benzamide-Z,Egdimethyl-l,S,7-trioxa-9-aza

(spiro){4,5] dec-9-ene-8-acetic acid p-methoxybenzyl ester

with methanol: (46a).

An excess of methanol (1 ml) was added to a solutlon

of the imine-p-methoxybenzyl ester (45) (468 mg, 1 mmole),

- in 50 ml of meth}gene chloride. The reaction mlxture was

stirred at room temperature for 3 hours. Evaporat1on of the

@

solvent and pur1f1cat1on by chromagography on silicic ac1d

using ether as eluent gave 422 mg (84%) of (4¥a).

P.m.r. (CDC1 )i/ 8 1.37 (s,.6H, acetonide), 2.42 (t, - 6 Hz, 1H,

OH), 3.42 (s, 3H, %0}13) 3.70 (4, J = 6 Hz, 2H, CH,0),
3.80 (s, 3H, ocas), 3.7-3.9 (m, 1H, C-CH-NH), 4.00

(m, 2H, OCH,), 4.35 (4, 18, N-CH-0), 5.14 (s, 2H,
CH,-p- methoxy)o 6. 3 8.0 ppm. (m, 11H, phenyl, p-methoxy=
phenyl, NH) '

L
3390 (OH), 2970 (CHZ)’ 1650 (ester amlde, C=N),

I.r. (CHCIS):

1370, 1380 c’! (gem-dimethyl).

7 A

Mass spectrum (70 e.V.): m/e 500 (M"), 485 (M'-CHy), 468

(M*:CH,OH), 453.(468-CH,).

)
Analysis calc. for CZGHSZ 298 X kH 0: C, 61.28{ H, 6.52;

- /‘ '
N, 5.49. \ Found v C, 61.50; H, 6.44;
N, 5.52. .,

B
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Benzyl 2-phthalimido-3-hydroxyacrylate (48) ' y ‘
N

>
f

P ' . . .

' 23
The procedure of Sheehan and Johnson was followed,

- and the white crystals recrystallized from ethanol-water.
23 !
Yield: 42% m.p. 130-131°C (1it. 137-138°C).

P.m.r. (DMSO-dg): & 5.17 (s, 2H, CHy), 7.34 (s, SH;—phenyl),
7.90 (s, 4H, phthalimido), 8.03 (s, 1H, C=CH), 8.5-9.5

i

ppm (broad, 1H, OH). oL

- 7 4,
I.r. (KBr): 3240, 1800, 1730 (phthalimido)!/HQSO (ester),
1680 ecn’ ! (C=C). , /
/ | |

J
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Benzyl 2-phthalimido-3-hydroxyacrylate sodium salt (48a).

. \\! Benzyl 2-phthalimido—3—hydrogyacrylate‘(48), (1z2.8 g,

_0.04 mole), was suspended in ethahol (25 ml) ahd an ethanol;c

i
L

1 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 collected by filtration, washed with ether

and dried in vacuo.

Yield: 13.0 g (94%), m.p. 200°C dec.

P.m.r. (DMSO-d/): & 5.06 (s, 2H, CH,), 7.37 (s, 7H, phenyl,

phthalimido), 7380 (s, 2H, phthalimido), 8.80 ppm
(s, 1H, CH=C).

I.r. (KBr): 3400, 1710 (ester), 1650 (amide), 1560 (C-0),
1400 (gem-dimethyl).

Te
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Benzyl 2-phthalimido-3-(((2',2'-dimethyl-4"'-(3"-methyl-

g f
iﬂ‘"'

,
.

thiazolidine-2"-y1)-1',3'-dioxolan-4'-yl)methyl)oxy)
& . <

acrylate (49)

T

The sodium salt (48a) (13 g, 0.038 mole) was suspended

s

in a solution of the thiazolidine #nesylate (25a)°(7.8 g,

0.025 mole) in 2-butanone (300 ml) and the mixture refluxed

- for 16 hours. The salt was fiitered.off and the filtrate

, o evaporated in vacuo. The ‘residue was chromatographed on a
- ]

silica gel column using chloroform/methanol (98:2) as eluent.

Evaporation of the solvent gave white crystals.

»

Yield: 12.0 g (89%), m.p. 143-145°C.

P.m.r. (cnc13): 6§ 1.28,"1.37 (each s, 6H, acetonide), 2.25,
. 2.35 (each s, 3H, N-CH,)  2.8-3.12 (m, 4H, N-CH,-CH,-S),
3.6-4.37 (m, 5H, two OCH, and N-CH-S), 5.1 (s, 2H, CHZJJ_

;w ‘W_ -t -

7.23 (s, SH, Clz -Cgfig) 7.52-8.0 ppm (m, 5H, phthalimido
| ‘ and C=CH). h

-I.r. (Khr): 1785/1725 (phthalimido), 1700 (ester), 1658 (C=C),

1465, 1450, 1442, 1410, 1380, 1367 cm 1.

~

Mass spectrum (70 e.V.): m/e = 538 (M%)

Anal.Calc.for 028H30N207S: Q, 62.44; H, 5.62; N, 5.20; S, 5.94.

Found: C, 62.59; ﬂ, 5.51; N, 5.40; S, 6.02.

v
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Benzyl 2-phthalimido-3-(((4'-formyl-2',2'-dimethyl-1',3"-

T e M e

Ny

( ; dioxolan-4'-yl)methyl)oxy)acrylate (50). »

The thiazolidine ester (49) (8.6 g, 0.016 mole) was
; "~ dissolved in tetrahydrofuraniwater (4:1) (100 ml1) and mercuric

%
chloride (1.2 g) was added. The immediately’ formed milky

T

suspension was stirred at room temperature for 1 hour. The

£ fine susﬁénsion was filtered off and the filtrate evaporated.

. 3 . .
The residue was extracted three times with benzene and the

combined extracts were washed with dilute hydrochloric acid

and water, and dried over anhydrous sodium sulfate, filtered and

evaporated in vacuo. The crude product was passed through a

silica gel column using methylene chloride/ether (9:1) as

eluent. Evaporation of the solvent gave a white foamy solid.

Yield: 6.7 g (90 %).

P.m.r. (CDC1,): & 1.38 (s, GH, acetonide), 3.9-4.0 (m, ZH,
. OCH,), 4.20 (m, ZH, OCH;), 5.10 (s, 2H, CH,-CgH),
7.34 (s, 5H, phenyl), 7.6-8.1 (m, SH, phthalimido,=C=H), |,
9.73 ppm (s, 1H, CHO).

R

I.r. (KBr): 3480, 3072-2900, 1800/1735 (phthalimido),
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 calc. for Czs"zsNos‘ C, 64.51; H, 4.98; N, 3.01.

Found: C, 64.34; H, 5.01; N, 3.25.

&

[
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a-Phthalimido-Z,2-dimethyl—lo-hydroxy-l,s,7-trioxa;§¢aza

(spiro)[4,5]decane-8-acetic acid benzyl ester (51) 'and

imine (52). : \}

The aldehyde ester (50) (6.0 g, 0.013 mole) was ,

dissolved in benzene (50 ml) and refluxed for 30 minutes
using a'Déan Stark trap. The solvent was goncentrated
and the residue dissolvéd in anhydrous ether (50 ml).
Améonia was passed through the ciear solutioﬁ for 5 min.
at room temperature. Then it was kept ove;night.

White crystals (51) were colleted by filtration.
Yield: 2.5 g (40%), m.p. 108-110°C.

P.m.r. (DMSO-d.): & 1.34 (s, 6H acetonide), 3.33-4.00
(m, 5H, two OCHZ, OH), 4.28 (broad s, 1H, CH-NH),
‘ 4.95-5.40 (m, 2H, CH-CH), 5.17 (s, 2H, cuz-ﬁhenyl),

5.95 (d, 1H, J = 4 Hz, NH), 7.28 (s, SH, phenyl),

v

-4

7.88 ppm (s, 4H, phthalimido).

I.r. (KBr): 3450, 3330, 3270 (NH, OH), 1780, 1720
(phthalimido), 1740 (ester), 1470,1450, 1380 cm-l.

Mass-spectrum (70 eiV.): 464 (M -Hy0), 449 (464-CHz),
421 (449-CO), 406 (421-CHz/or 464- (CHz),CO).

1.Calc. .5): .23; .43; .80,
Anal.Calc.for CZSHZGNZOS (482.5): C, 62.23; H, 5.43; N, 5.80.

Found : C, 62.44; H, 5.45; N, 5.81.

r 3 :
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The filtrate was chromatographed on a silica ge
column using methylene chloride / ether (95:5) as eluent.
Evaporation of the major product gave a colorless oil,

identified as the imine (52).

Yield: 2.0 g (33%).

P.m.r. (CDC13)= § 1.40 (s, 6H, acetonide), 3.4-4.3 (m,.4H,

two OCH,), 4.97 (d, 1H, N-CH-C00),"5.21 (s, 2H, CH, -

phenyl), 5.70 (d&\\lH, N-CH-0), 7.30 (s, 5H, phenyl),

7.6-8.0 ppm (m, 5H, phthalimido and N=CH).

LY
. (KBr): 3500, 3995-2880, 1800,1730 (phthalimido), 1760
(ester), 1660 (amide and C=N).

« Mass spectrum (70 e.V.): m/e 464 MYy,

. : .65; H, 5.21; N, 6.03.
Ana1y51s calc. for C25H24N207 C, 64 5

Found: C, 64.43; p, 5.31; N, 6.18.

S
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2,2-Dimethyl-8-phthalimidomethyl-1,3,7-trioxa-9-aza-spiro
[4.5]decane (53).

The carbinolamine ester:(51) or (52, 464 mg, mmole)
(482 mg, 1 mmole) was suspended in 25 ml of ethyl acetate
and added to 240 mg of palladium on charcoal (10%) in
25 ml of ethyl acetate, previously prehydrogenated with
hydrogen. The mixture was hydrogenated at atmospheric
. pressure, until 24 ml of hydrogen were consumed (6 hours).
The éatalyst was filtered off and the filtrate evaporated

to dryness.. Addition of ether gave white crystals, re-

crystallized once from ethyl acetate/ether. 191 mg (50%)
m.p.: 151-153°C.

p.m.r.‘(cnc13): § 1.37 (s, 6H, acetonide), 1.90 (broad s, 1H

NH), 2.98 (s, 2H, 3.45-3,90 (m, 4H, two CHZ), 4.05

(d, 2H, CH,0), 4.35 (dd,

o

, N-CH-0), 7.6-8.0 ppm (m,4H,

phthalimido).

I.r. (KBr): 3200 (NH), 2980-2860 (CH ), 1770, 1705 -
-1
(phthalimido, amide), 1610 (phenyl), 1460, 1430, 1400 cm . :

. +
Mass spectrum (70 e.V.): m/e 333 (M'+1), 317 (M -CHj).

o

I i : . - 6.07; N, 8.43.
Analysis calc. for Q17H20N20S : C, 61.43; H, ;

. Found : C, 61.67; H, 6.04; N, 8.19.
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2-Benzamido-3-(((2',2'tdimetHyl-4'- (3" -methylthiazolidine-

2"-y1)-1'-3'-dioxolan-4'—il)methyk)oxy)acrylic acid (54).

a

1
1

Zinc dust (2 g) was added at r&om temperatyre/ﬁl/;

stirred solution of thiaio&idine ester (38) (1.0 g, 1.8 mmole)
in tetrahydrofuran (10 ml) and a 1 molar potassium dihydrogen
phosph?te solution pH 4.2 (2 ml). The acid liberation was
followed by t.1.c. (benzeme-EOAc 9:1).. After 15 minutes

the pixture was filtered and the teézahydrofuran was eva-
porated. The residue was diluted with water (100 ml) and
extracted with ether. The organic solution was d;ied over
sodium sulfate, and evaporated in vacuo to-give 580 mg (74%)

of pure thiazolidine acid (54), m.p.: 159-160°C.

P.m.r. (CDCly): 6 1.40 (s, 6H, acetonide), 2.31, 2.40 (each
s, 3H, N-CHy), 2.90-3.10 (m, 4H, N-CHp-CH,-S), 3.65-
4.48 (m, SH, two OCH, and N-CH-S), 7.30-7.90 (m, 7H,
phenyl, NH and C=CH), 10.23 ppm (s, IQ, COOH) .

I.r. (KBr): 3250 (broad), 2980, 2940 .(CH,), 1650 (broad,
amide), 1575, 1510, 1380 cm 1.

Mass spectrum (70 e.V.): n/e 422 (M+)..

Analf Calc. for C20H26N206s N \

i . .
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.
v
(\_/‘
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2-Benzamido-3-(((4'-formyl-2',2"'-dimethyl-1',3'-dioxolan-

4"-yl)methyl)oxy)acrylic acid (55). .
¥

The thiazolidine acid (54) (844 mg, 2 mmole), was
dissolved iq tetrahydrofuran/water (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 solid.

Yield: 650 mg (93%), m.p. 55-58°C. (50% hydrated foifi).

i

P.m.r. (CDC13): § 1.43 (s, 6H, acetonide), 3.6-4.2 (m, 4H,
two CHZ-O), 5.05 (% H, 50% hydrated aldehyde) ’ ,
6.95 (1H, COOH), 7.5-7.9 (m, 7H, phenyl, NH, C=CH), 9.80 ppm
(} H, CH=0). , ' 4

I.r. écnc13): 3410 (OH), 2970, 2870 (CH,), 1670 (CO), 1600
(phenyl), 1372, 1380 (gem.dimethyl). |

Mass spectrum (70 e.V.): 349 (M%), 334 (M*-CHy), 305 (M*-C0,)

+ + ‘
290 (305 CHS)’ 273 (M -C6H6), 244 (M -C6H§C0).

Microanalysis was not performed because of instability.

N

)
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2,2-Dimethyl-9-benzamido-1,3,7,11-tetraoxaspiro[4.7] - dodec-

8-ene-10-one-12-carboxycyclohexylamide (57).

The thiazolidine acid (54) (844 mg, 2 mmole), was dissolved
in tetrahydrofuran/water (9:1) (10 ml) and mercuric chloride
was added; The reaction mixture was stirred at room temperature
for 30 minutes. The solid was filtered off and ammonium
hydroxide (1.5 mmole) was added. The pH was adjusted to 6.5
by adding ph?sphate buffer (2 ml). Cyclohexyl isonitrile
(655 mg, 6 mmole) was added and the two phases mixed with’
vigorous stirring for 20 hours. The'reéction’mixture was
diluted with water (100 ml) and the aquéous phase extgacted
with ether. The combined ether extracts were Qried over
anhydrous sodium sulfate and evaporated in vacuo. The residue
was washed with petroleum ether to remove the unreacted iso-
nitrile. The residue was purified by chromatography on silica

gel using chloroform/methanol (9:1) as eluent, to give 316 mg

(36%) of white crystals, m.p.: 254-256°C.

P.m.r. (DMSO-dg): & 1.32, 1.40 (each s, 6H, acetonide),
1.0-1.9 (broad m, 10H, cyclohexane), 3.20 (s, 1H, CH-N},
4.1-4.4 (m, 4H, two CH,0), 5.00 (s, 1H, CH-0),

7.45-8.00 ppm (m, 8H, phenyl, 2 NH, CH=C).
! 4

I.r. (KBr): 3330, 2280 (NH), 2925, 2850 (CHZ), 1732 (lactone),
1637 (amide), 1600 (phenyl), 1370, 1380 cm-l (gem-dimethyl).
»
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kY

\

Mass spectrum (70 e.V.): 458 (M), 443-CH3), 400 (M*-
: H
. S
(CH3)2c0), 383 (M (CHS)ZQ\H , H transfer),

+-

360 (M C6H6N).

Anal. Calc. for CZ4H3ON207 : C, 62.87; H, 6.69; N, 6.11.
R Found : C, 62.21; H, 6.84; N, 5.94.
' |
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t-Butyldimethylsilyl 2-benzamido-3-(((2',2'-dimethyl-4"'-

(3"-methylthiazolidine-2"-y1)-1',3'-dioxolan-4'-yl)
methyl)oxy)acrylate (59).

The thiazolidine acid (54) (3.0 g, 7.1 mmole), tert-
butyldimethyl-chlorosilane (1.6 g, 10.7 mmole) and\imidazole‘
(1.2 g, 17.7 mmole) were dissolved in dry dimethylformamide
(10 m1); the mixture was stirred for 24 hours at room
temperature. The reaction mixture was poured into chloro-
form (100 ml) and the resulting solution washed Qith sodium
bicarbonaté solutioﬁ and water. The phloroﬁi‘ﬁ\solution
was dried over. anhydrous sodium sulfate, filfefed and the
solvent evaporated. The residue Qas chromatogréphéd on
silicic acid (506 g2), aqg the fractioﬁ’containini theo

silyl ester was concentrated and dried-in vacuo, to leave

a colorless oil. ' /

A 4

Yield: 1.4 g (22%). ’ ,/

P.m.r. (CHC1,): § 0.0 (s, 6H, CH3-Si-CH3), 0.82 (d, 3H, CHj3),
A " . . D
1.2-1.5 (m, 12H, acetonide, two CHS), 2.24, 2.34 (eat¢h s,

3H, NGH,), 2.7-3.1 (m, 4H, N-CH,-CH,-S),. 3.6-4.2 (m, 4H,

2

ey

two OCH ), 4.33 (d, 1H, N-CH-S), 7.2-7.9-ppm (m, 7H, phenyl,

~

NH and C=CH).

I.r.: 3400, 3060-2800, 1730-1660 (intense broad peaks, ester,
amide and C=C), 1518, 1486, 1385, 1370, 1310, 1226,
1145 cm~1,

Anal.Calc. for C26H40N206881 x kHbO: C, 57.22; H7/7.57; N, 5.13.
Found : C, 57.50; H, 6.96; N, 5.47.

»
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B,B,8-Trichloroethyl u-benzamido;s-acetoxy-s-(3'-me§hy1-

4
. .

<(: s thiazolidine-Z'yl)-1,3-dioxacyc10ﬁex-2—yl-acetic acid\égial. S

L.}

Th1azol1d1qe ester (38) (2 2 A 4 mmole) was added at

room temperature to a solutlon of trlfluoroacetlc acid
{

B VR

(8 ml) 'and ‘watér (2 ml)' and the mixture subsequently eva-
porated to dryness. " The residue.was neutralized with 2N
sodium bicafbonate and extracted with chloroform and the

extracts dried over sodium sulfate. Solvent removal left

ot
gt

an 0il which was treated with a mixture of acetic anhydride-

o r g Al A TRTRR L (AP S e

(5 m1) and pyrihine (5 ml) overnight. Purification on a

silica gel column, eluting with chloroform/methanol gave

lized from ethex, m.p. 117-119°C.

;
|
s
i
1.3 g, (59%) of a colorless oil. The product was crystal- %
4 ' .
:
\ A P 4}
I.r. (KBr): 3392 (NH), 1770, 1740 (ester), 1655 (amide), “

1522 cm”l.

P.on.t. (cpci,): & 1.85 (s, 3H, OCHg), 2.40 (s> 3H, NCHs) ,
| ,-CH,-5), 4.00 (s, 2H, OCH)), 4.20 |
(s, 1H, N-CH-S), 4.27 (s, 2H, CH,0), 4.80 (d, 2H, 1

. CH,CCly), 5.16 (dd, J = 2 Hz, J = 4 Hz, 1H, C- CH-N),

3.00 (s, 4H, N-CH

‘ ] 5.54 (d, J = 2 Hz, 1H, O- CH-0), 6.85 (d, J = 8 Hz, 1H
o NH), 7.2-7.9 ppm (m, 5H, phényl).

Mass spectrum (70 e.V.): m/e 556/554 (Cl”/Cl’s), 541/539
(M-CHz), 497/495 (M'-OCOCHz), 407 (M -OCH,CClz), 379
M* .- COOCH,CC1 ) .

Anal.?alc.for C21H25C13N207S C, 45.37; H, 4.53; C1, 19.13; N, 5.03.

Found : C, 45.38; H, 4.49; C1, 19.32; N, 5.01.

]
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- Hippuric acid 8,B8,8-trichlorocethylester (65).
~,
. b

).

A solution of 17.9 g (0.1 mole) of hippuric acid,

(30 g, 0.2 mole) of B,B,B-trichloroethanol, and 500 mg ‘.
p;toluenesﬁlfonic acid in 150 ml of toluene was stirred-
_énd refluxed using a Dean S;ark trap, fpr 20 hours.
After cooling, 150 ml of a 1IN sodium bicarbonate solution o
w#s added. %he organic phase was s;parated and dried over '

. sodium suygate, contentratei'under reduced pressure, and

crystallized from chloroform/ether to yiéid 30.5' g (98%),
m.p.: 125-126°C. o o _— o

~I.r. (KBr): 3300 (NH)! 1770 (ester), 1640 (CO), 1600
> (phenyl), 1545 em™ L, !

!

facad

- rd

YAQM .
P.m.r. (DMSO- d6) 5 4.22- (4, J = 6 Hz, 7"‘; ﬂirz), 4.95
(s, 2H, CHCCly), 7.4-8. 0 (m, 5H, pITnyl), : S
9.05 ppm (t 3= Hz, 1H, NH). S / o
" -

o \ . t
3

) Anal.Calc. for 011H10013N03 c, 42.54;?ﬁ, 34-24; N, 4.51; C1, ;;TTIT\

Found: C, 42.76; H, 3.21; N, 4.59; Cl, 34.38.

A
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N
g

. %)? . (36)
N-(8,B,B8-TrichloroethoXycarbonyl)-adamantanamine .

N 1-Adamamtanamine (1 g,’6.5 mmole) was dissolved' in
pyridine (20 ml), cooled in ice, and 2.2.2-trichloroethoxy=
carhonyl chloridé (2.74 g, 13 mmole) was added with stirring.
After 2 hours, the solution was diluted with water and then
acidified with ZN‘hydrochloric acid and extracted with ether.

The ether extract was dried (NaZSO4), and the solvent eva-

porated. The TrOC-adamantanamine crystallized from ether/

light petroleum)as needles (2.0 g, 97%), m.p.: 122-124°C,
36 ‘

lit. 123-124°C.

* s -
I.r. (KBr): 3270, 3140 (NH), 2900, 2823 (CH), 1710 cm™! (CO).

P.m.r. (CDCl;): & 1.66-2.10 (m, 17H, CHp, CH), 4.66 ppm
' (§, 2H, cnzcc13). ’

| 4 ' -
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m-Methoxybenzoic acid B8,8,8-trichloroethyl 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
]

30.0 g (0.2 mole) of B,B,B-trichloroethanol was stirred .

and heated to 150° for 2 hours. ﬁfter cooling, 200 ml of
water was added, and the resulting mixture extracted with
three 100 ml portions of ether. The combined ethereal

N phases were washed with saturated sodium chloride solution,
drijed with anhydrous sodium sulfate, concent§ated under
reduced pressure, and distilled to ;}eld 10.5 g (74%),
bp. 115° (0.02 mm Hg).

I.r. (film): 3000, 2950, 2835 (CH), 1730 (CO), 1600
(benzene ring), 1482, 1450, 1430 (CH), 1365 cm !
(CHSP.

P.m.r. (cnc13): 6 3.86 (s, 3H, CH3), 4.95 (s, 2H, CH,CCly),

7.0-7.8 ppm (m, 4H, phenyl).

: .
Anal.calc. for C10H9C1303: C, 42.35; H, 3.19; C1, 37.51.

Found : C, 42.29; H, 3.43; ‘Cl, 36.98.
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trans-Cinnamic acid B8,8,B8-trichloroethyl ester.

(n*&i
. A solution of 7.4'g (0.05 mole) of trans-cinnamic acid, '
\ ‘
7.1 g (0.1 mole) of boron trifluoride - etherate, and 30.0 g
(dﬁz mole) of B,B,B-trichloroethanol was stirred and heated
i
to 150°+«for 3 hours. After cooling, 200 ml of water was /

#®
added, and the resulting mixture was extracted with three
100 m1 portions of ether. The combined ethereal phases

were washed with saturated sodium chloride solution, dried

with anhydrous sodium sulfate, concentrated under reduced s
pressure, and distilled to yield 12 g (89%), bp 112°
(0.012-mm Hg).

I.r. (film): 3060, 3025, 2945 (CH), 1725 (CO), 1630 (C=C),
1575 (phenyl), 1450 cm™! (CH).

P.m.r. 3CDC13): 6§ 4.86 (s, 2H, CH,CCl4), 6.47 (d, J = 16 Hz,
1H, CH=CH), 7.2-7.6 (m, S5H, aromatic), 7.80 ppm
(d, J = 16 Hz, 1H,: CH=CH).

¢

Anal.Calc. for 011H901302 : C, 47.25; H, 3.24; Cl, 38.04.

Found : C, 47.23; H, 3.31; Cl1, 37.93.

o

¢o.:t

—
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(*¢)
3-(B,B8,B-Trichloroethoxycarbonyl)-estrone

~~
n—

B,B,éJTrichloroethoxycarbonyl chloride (2.74 g, 13 mmole)

was added to a stirred mixture of 20 ml of pyridine and 1g
(3.7 mmole) estrone. The reaction was stirred at 20° for

2 hours. Thgn water was added, followed by acidification
with hxﬁrothloric acid and extracted with ether. The ether
extract was dried with soddum sulfate and evaporated to
dryness. The ester was crystallized from ether to yield

3
© 1.40 g, (87%), m.p.: 139-141°C, 1it. = 140-141°C.

. I.r. (KBr): 2940, 2880, 2830 (CH), 1760 (ester), 1735 (CO),
1605 cm~1 (phenyl). '

P.m.r. (CDCl 5§ 0.90 (s, 3H, CH;), 1.4-3.1 (m, 1SH, CH,

CH,), 4.83 (s, 2H, CH,-CCl,), 6.87-7.37 ppn

3¢

(m, 3H, aromatic).

~
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General Rrocedure for the removal of the B,B,B-trichloro=

ethoxy group.

.

2 g of the trichloroethyl ester was stirred for the
time indicated in table 1, chapter 4,in 10 ml1 tetrahydro-
furan with 2 g zinc dust and 2 ml of a 1 molar_buffer*
solution. Zinc was filtered off, and the filtrate was
s%irred with Rexyn 101 (H) for 5 minutes. The ion
exchange resin was filtered off and the filtrate con-
centrated, addition of ether gave the unmasked acid or

Y

phenol".

N

' -
"KH2P04(pH 4.2) or a mixture of KHZPO4 with NaZHPO4

up to pH 6.5 or ammonium acetate (pH 7.2) was used.

-

4
¥

» . . ’
. *A slight modification of the work-up procedure

permitted the isolation of the amines.

e o e A e g



10.

o

..... et pp i R & Sty < v s

-244-

Bibliography
»
J.C. Sheehan and K.R. Henery-Logan, J.Am.Chem.Soc., 84,
2983 (1962). : °

R.A. Firestone, N.S. Maciejewcz, R.W. Ratcliffe, and
B.G.‘Christensen, J.Org.Chem., 39, 437 (1974).

—

‘ »
R.B. Woodward, K. Heusler, J. Gosteli, P.”Naegeli,

W. Oppolzer, R. Ramage, S. Ranganathan, and H. Vorbrliggen,
J.Am.Chem.Soc., 88, 852 (1966).

@

R. Heymes, G. ,Amiard, and G. Nomine, C.R.Acad:Sci., 263,
170 (1966).

R.W. Ratcliffe and B.G. Christensen, Tetrahedron Lett.,

4645, 4649, and 4653 (1973),

J.A. Edwards, A. Guzman, R. Johnson, P.J. Beeby, and
J.H. Fried, Tetrahedron Lett., 2031 (1974).

H.C. Sheehan and M. Dadic, J.Heterocyclic Chem., S,
779 (1968).

B.G. Christensen and L.D. Cama, J.Am.Chem.Soc., 96,

7582 (191}6.

S. Wolfe, J. Ducep, K. Tin, and S. Lee, Can.J.Chem., 52,
3996 (1974).

B

E.J. Tillmanns and J.J. Ritter, ;J.Org.Chem., 22, 839 (1957).

7 ‘ ;




i
f
§

&,

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23‘

— o a e e Sy WIS Y (3 g s A 7

-245-

B.F.f Erlanger, S.M. Vratsanos, M. Wassermann, and A.G. Cooper,

Biochem.Biophys.Res.Commun., 23, 243 (1966).

M.S. Manhas & A.K. Bose "Beta Lactams', part I, /page 162,

Wiley—lnterscienge (1971).

E.F. Gall, E. Curdliffe, P.H. Reynolds, M.H. Richmond, and
M.J. Waring, "The Molecular Basis of Antibiotic Action",

¢

Wiley, New York, N.Y., 1972, Chapter 3.
0.M. Blumberg and J.L. Strominger,- Bact.Rev., 38, 291 (1974).

D.J. Tipper and J.L. Strominger, Proc.Nat.Acad.Sci.,U.S:A.,
54, 1133 (1965). “ '
¢

I. Ugi and E. Wischhtffer, Chem.Ber., 95, 136 (1962).

’

K. ;%Uberg, Dissertation, Institute of Techﬁology,‘
Stockholm, Sweden (1965). »

P.A. Rossy, PhD thesis, McGill University, Montreal (1972).
G.D. Roseberry, PhD thegis, McGill University, Montreal (1973).

B.Y. Chung, PhD thesis, McGill University, Montreal (1974).

P.A. Bartlett and W. Johnson, Tetrahedron Lett., 4459 (1970).

w.n.°Ha{353§ufnd R. Simonoff, .Org.Reactions, VII, 263,
Chapter 5 (1963).

'

J.C. Sheehan and D.A. Johnson, J.Am.Chem.Soc., 76, 158 (1953).

é

3




I AR I o SN U SARS, 4700

PU——

24,

25.

26.

27.

28.

29.
30.

31.

32.

33.

D.S. Tarbell and D.P. Cameron,

G N i e Aam e

o E T
P . e ddad P it min' s o e ae dad B e s T e = - - e .- .
' -246- » \
.
1
' ~
- 9 - .
~,

H.T. Clarke, J. R. Jéhnsen and R. Robinson, Ed., :
"The Chemistry of Penicillin", p§\759, Princeton §

University Press, Princeton (1949).

M. Bachi, Synthesis of B-lactam structures related to

penicillin, in 5th Intern.Conf. of Heterocyclic

“4
>

Chemistry, University of Bratislava, July 13-18, 1975.
‘Abstr. of pap;rs Sec. 1, p.23. §

P.K. Kadaba, Synthesis, 316 (1971).

J.Am.Ckem.Soc., 78, 2731 ;
(1956).

E.D. Bergmann and A. Kaluszyner, Rec.Trav.Chim., 78,

289 (1959)..

i

Reference 24, p. 803.

Reference 24, p. 819. _—

* [N
E.J. Corey and A. Venkateswarlu, J.Am.Chem.Soc., 94,

6190 (1972).

J
G.V. Kaiser, R.D.G, Cooper, R.E. Kbehler, C.F. Murphy,

J.A. Webber, I.G. Wright, and B. M. Van Heynlgen,
J.Org.Chem., 35, 2430 (1%%0.

I. Ugi, U. Fetzer, U Eholzer, H. Knupfer, and K. Offermann, i
Isonitril- §ynthesen. Neuere Methoden der prﬂparatlven

organischen Chemie, Band IV, Verlag Chem1e, p. 52. : 1

’

+ 1




é’ :
i
!
/

-247- ‘ ~

34. R.B. Woodward, Sience, 153, 487 (1966).

35, I.G. Wright,

£

C.W. Ashbrook, T. Goodson, G.V. g;iser, and

EM.Van Heynigen, J. Med.Chem., 14, 420 (1971).

36. T. Windholz and D. Johnston, Tetrahedron Létt., 27,

2555 (1967).

37. F. Eckstein,

38. P.K. Kadaba,

39. D. Swern and

F's
40. L.F. Fieser,

J.Am.Chen

41. J. Grimshaw,

Angew. Chem. 77, 912 (1965).

Synthesis, 316, (1971).

E.F. Jordan, J.Am.Chem.Soc., 67, 902 (1945).

J.E. Herz, M.W. Klohs, M.A. Romero, T. Utne,
.Soc., 74, 3309 (1952).

J.Chem.Soc., 7136 (1965).

42. G. Just and K. Grozinger, Synthesis,in press.

e .

\
AR e




