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The 4-substituted glutarimide required for the s'ynthesis

. of sesbanimide (53) was obtained by free radical addition of

iodoacetamide onto the &, p-unsa‘\turat)ad ester (81) mediated by

\

\; tributyltin; the lactol ring C was prepared by the analogous

L] . .
w.,/ free radical cyclization of the a~bromo-dipropargy1 ketal 73.
v

PR

The syntheses of trlcyclic carbapenems 1nvolved
appropriately substltuted monocycl ic azet1dinone precursor:s.

Free radical 5-exo cyclizatzons led ¥to the relatlvely unstable

benzo carbapenems 116, 119 and 120. The 6-exo mode, however,

.y afforded stable benzo carbacephems 125, 127, 132 and 133.
‘ 9 -Bromo- and a. -dibromoazetidlnones were converted
. stereoselectively to the -alkyl;zetidmones 149 and 153, or
to P-alkylazetidinones 151 , 154 and ;_5__9_ by a free radical .

addition onto olefins I48 or allyltributyltin. .
e . & k
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La synth3se du sesbanimide (53) requiert la pré&paration

d'un glutarﬂimide substitué& en ppsition 4, lequel est préparé

’par 1 addltlon radicalaire de 1’ iodoacétamide sur l'ester o, p-

-

insaturé (8l)- en pré&sence de tr1butyl d'étain« Une ré€action

ry:‘hcal::re analogue, soit la cycllsat1on du cétal de l1'a -
bromodipropargyle sert 3 pr&parer ,le cycle C de ce, produit.

Des précurseurs dk azét1d1nones monocycliques convenable-
ment substitués sont nécessalres & la synth&se de carbapénémes
trijcycliques. Lgs cycl isations radicalaire 5-exo ont donné& les
benzocarbap&némes 116, _1_1__9_,/ €t 120, lesquels sont rela;:ivement
instables. Par contre, les benzocarbac&ph&mes stables 125, 127,
_1__::3_3 et 133 ont &té& obtenus a parti'r des' cyclisations

radicalaires 6-exo.
. ——

-——

La synth&se st&r8oselective des & -alcoylazé&tidinones 149

-

et 153 ol des p-ﬁalcdylazétidinones 151, 154, et 159 & partir

des azééid_inones o -brom@es’ et ¢, -dibrom&es correspondantes

est effectude par addition r‘adicalai}re sur lés oléfines 148 ou-

A}

sur l'allyltributyl d'&tain.
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PREFACE - s

The formation of ca}bon-carbon bonds is regarded as the

o co;'e of organic synthesis. Such p'roces'ses are almost invariably
performed by '‘a "two electron" union of nuéléophiles and
electrophilesfﬁﬂith exception of biradical processes such as
.possibiy the Diels - Alderl or photochemical cycloadaition

. reactions, the free radical "one electron” method of forming
carbon-carbon bonds in organic synthesis was extremely rare

until a decade ago.

a
¥

Radical reactions are widespread in occurence and very

important. For ihstance, most reactions initiated by light such

. as photqsynthesis involve radicals, Most halogenations,
explosions, combustions, poiymerizations and pyrolyses are
radical processes. Free radical reactions occur in most case§

at a diffusion-controlled rate and are still viewed by many
_organic chemist to be an unpredictable,~uncontroLlable and
essentially an unreliable reaction for use in a muitistep

1Y

synthesis of a comples~natural product.

\ Within the last five years, the ude of free radicals in
) orgaﬁic synthesis has been rapidly expanding. T’%Z is mainly '

due to the developments of free radical chain processes

mediated by metals. Carbon radicals can be generated under mild

o

conditions from a variety of functional groups and attack
alcohols, amines and carboxyl groups so slowly that these

functionalities can be tolerated without protection. Carbon

radicals also exhibit high chemo- and regioselectivity.

Furthermore, chiral centers adjacent to radicals easily.

o l
o -
. - e
.
,
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-~ survive. B-Scissions of radicals are less pronounced than those

]

of anions, and radical rearrangements are less common than

- those of cations.

In this dissertation, chain re;ctions mediated‘by tri-
butyltin radical are applied towards some model studies in ‘the
synthesis of a natural antitumor compound, Sesbanimide A
(Chapter 1I), and towards the stereoselective synthesis of
highly strained tricyclic azetidinones (Chapter III), and 6-

alkylpenicillanates and monocyclic 3-alkylazetidinones (Chapter

_IV). In the last chapter, an interesting correlat;on that was

e
observed on examining the proton and carbon-13 spectra of some

cis- and trans-azetidinones is described. -
Y '
LS ! - '
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CHAPTER I : INTRODUCTION

Definition of a free radical

-

A free radical- is an atom or molecule which possesses one

. . ’ N
or more unpaired electrons.Such species may be monoatomi¢ such

as halogen atoms or alkali metals and certain metallic ions

(1) or<organic molecules in which an unpaired electron can be

s

ci- , Br. , Na- , Li- ,RB® , Fe*; cu? (1)

s
>

. ,
. 5

can be located at a carbon or heterocatom site (2). Free

radicals with an unpaired electron on phosphorus, sulfur, and

. N0,
R t-8u (2)

- t-su 02N NG,

*

nitrogen are known, as well as free radicals from trisub-
stituted group IV metal compounds (equation 3). These examples

are just illustrative of a variety of species which are class-
ified as free radicals. k
. o

(Et0)3%- ' t-BUS‘ ,R3Sn’l R3Ge'l . (3)

J lA |
H
. 3
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History of Free Radicals

’
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The term "free.radical®™ was first int Mduced by

- —

Lavoisier? in 1789, denoting a group of atom$ that retained

their identity throug/h a series, of chemical reactjons. In the

early 1800's this term was modified to describe part of a

= R
molecule which was alsqg capable of indeﬁ\endent, separate exist-

" ence, i.e., the methyl moiety in the ethane molecule. This term

todbk realiity when Davy et. al.3 claimed' the preparation of the

ammonium radical in 1810, and Gay-Lussac4 in 1815 discovered .
L

cyanogen which was thought to bé a free radical (CNf. Kolbe5,
“ ' X ) O
in the electrolyses of fatty acids in solution obtaimed gases

which were interpreted to be free. radicals (equation 4).

»

Frankland® also obtained a gas which he believed to be "free
ethyl" by reacting ethyl iodide with zinc in a sealed tube

(equation 5). By the mid nineteenth centur’y,\other radical

. [

L -

‘ ' ' °
2 CyHy02 + H0 —> 2'CHy + 2 COp + Ho (4)
. "Free methyl" . .
CoHsT + 2n  —p CoHy -+ znl (5)
| = " "Free ethyl" '

species suxéh'_ as cinnamyl, cetyl, cééodyl and benzoyl weré also
claimed. to ha(re'be,en”isola;ted. However, by 1860, when gas— '

d“ensi‘tywmeasurements could be accurately determined for
establishing molecul\ar,ig/e.'igbts, it was realized that species

assumed to be radicals were act—ﬁ’ally molecules. For example,

4

\react'ioln_us thought to havre.,prddu.ced free methyl or eth}’l radic-

als” (equation 4 and 5), were identified as ethane 'of butane

N

. .
4 ‘ : ’
, -



.respectively. In fact, the above experiments most likely did

produce ‘the claimed radicals as transient species, but because

,of their short lifetimes they were not detected and and only

their dimers were isolated.

With the advent of the valence theory around 1860, most

chemist became convinced of the quadrivalency of the carbon

atom; bringing to a halt any\further'attempté to isolate or

, detect organic free radicals throughout the end of the nine-

teenth century.

At the turn of the century, the re-disqovery of free
radicals came about by accident. Moses Gomberg?, é Russian-born
chemist working at the University of Michigan in 1900, feported~ .
the unexpected existence of the trityl radical when he
atteméted to prepare hexaphenylethane from the reaction of
triphenylmethyl chloride with either silberfor ginc dust in
benzene (equation‘6). Instead of the sgable\héxéphenylethane
expected, he obtained a yellow solution which‘reacted rapidly
with air (oxygen),'iodine{}hd other reagents resulting in

decolorization of the solution.

Phic-cl’ + . Ag° - PA3ce .+ AgCl (6)
J




| G

WA

However, when thé trityl radical was isolated in the pure form
as colorless crystals, it was found to have a molecular weight
corresponding to hexaphenylethane. 'Since cleavage of carboh—
parbdn bonds by mild reagents such as oxygen ér iodineawas
considered highly unlikely, Gomberg concluded that hexaphenyl-
eéhane dissociated into-freé -radicals in solution. This
conc§h§ion was not easily accepted by chemists in general, but
was amply supported by subsequent work. Picard8 showed that the
yellow §olution obtained did not follow Beer's law, the colour

deepening with dilution. Wieland9 in 1911, prepared tetra-

phenylhydrazine which also was ‘claimed to dissociate in

i

splutién (equation 7).

PhyN-NPh) = 2 PhoN' , (7)

&
-

E

Only récentlxnlo (1968) ﬁas the:structure of,the.t;ity{/dimer
been reinvesﬁigated'and fpuna noé to be hexaphenylethane, but
instead compound 1 in equﬁlibrium with the trityl radical; with
K=22X 10-4 M in benzene at room temperature. Interes£inglyy'

Gomberg's originél task of preparing hexaphenylethane, it

—

1

seems, has never been accomplished. ' : .

“ | : W .

PheC Py —> 5 Pres

J=n



. Transient free radicals were beginning to be propo§ed as
intermediates in many reactions throughout the next few decades
mainly as a result of Paneth and Hofeditz's'workll in i929 when

\ .
the£y demonstrated the "—existence of translient ‘?lkyl
radicals in the gas phase. When tetramethyllead was passed
down a heated tube with a stream of nitrogen, a m?r.:—tl‘or of lead

deposited at the point where the tube was heated (point a, see

Figure 1) and ethane gas was produced. However in the presence

PO, — '
'& '
I
a b

" ‘—.d_.

U eold \" """ 0 . .-
Figure 1 trep ; ’

»

-4

of a zinc mirror at point b somewhat downstream from the point

of heating, the zimc mirror was gradually removed producing di--

methylzinc (equation 8). By varying the distance between point
- N Y -

a and b, the lifetimes of the alkyl radicals were deducedL to be

around 10"-‘3 sec at 2 mm Hg. P s

-~ i

. . / -
~ Pb(€H3), —p 4 CH3* + Pb —_> 2 CH3‘CH3 (8)-.

l 2°2Zn : a .

' 2 Zn(CH3)2 . T

oy



-

In a review in 1937, _Hey and Watersl2, explained the
products of a range of reactions in solution by free radicel
méEhanisms.’During the same year, Kharasch and Mayoi3 rational-
ized the anti-Markovnikov addition of hydrogen bromide to
unsatureted hydrocarbons by postulating that they underwent an

*

addltlon by a free radical chain process in the presence of

.light or peroxldes (Scheme 1). The productlon of broniine

- —— Iy

HBr ——> Br. o -t
Br: + CHa==CHCH:Br ——> BrCH2CHCH.Br

'

HBr + BrCH:CHCH:Br =——> BrCHaCH;CH2Br + Bre

Scheme 1
radicals induced by light or the decomposition of peroxide,
initiated a chain sequence which was a prototype of what was to
become known as a free radical chain reaction. Also in the same
year, F‘loryl4 proposed/a radical mechanism for the add1t1on

.

polymer1zat10n process and described the kinetics of radical

polymerlzatlon of v1nyl monomers. The development15 of
synthetic polymers during the second world war, such as
synthetic rubber from styrene ahd butadiene (equation 9), the

invention of Nedprene (equation 10), poiyethylene and other

plastics, made free .radical chemistry achieve industrial

importance. However, during the 1930-1950 perigds free radicals

were not universally ‘accepted as respectable reaction

>

intermediates.



with life-times as short as micro or nano seconds.

The aavent of spéctroscoéﬁc methods, 'especially electron
spin fgsonance spectroscopy (ESR), provedl beyond any

reasonable doubt the existence of transient free radicals even
) \

- Since. the 1950's, with the ‘availab4ility of ESR:

r

Spéctrosbopyi the field of radical chemistfy has received re-

newed attention. Novel systems for the free radical carbon -

"carbon bond -formation usind metals such as tr;bhtyltin

hydridel®é (equation 12) or redox reactions using transition -

metals such as manganesel? (equation 11) have been’developed.

a—

Although free radical chain reactions have thus been known ﬁgr'

many yeaps, their application in organic synthesis has only

recently'been exploited. ' .

- . ’ 5

—r 1 - v
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Structure of Alkyl Free Radicals : >’ ’
o . Several stable conformations for an oréanic Yree ‘radical

can be envisioned., The central -carbon atom could .be planar.

- ' (sp?), similar to a‘garbonium ion, with aﬁ additional unpaiféd'
electron occupying the .pz—érl‘)ital (_2_).AA_lternativel'¥, ‘it (Eould

. " adopt. a tetrahedral structure.(3) similar to carbanions- (sp3),
or a shallow ﬁyramidél struéture in which the unpairedreléctron
contains some s qhara;:ter; that 1s a hybri‘d between the p and

. - sp3 geometrfy (4). This latter structure would result in -a

™ dissymmetypic distribution of electron denﬁity. ’

. \
{ ) -

. o _ , R '
AR - | «
L e AN < ) A ¢ R ‘ .o
" 7 - LI v s

0 ‘-‘-'-'-"l: ,',.'109"-(”(3@ X °c;Q :
R ) ' ',

2 ' 3

‘4
- ' 2 ; 3 v T o
*P L “ - 2P ' 180X > 109 |
.o - <
- - ' Chemical methods have undoubtably shown that formation of 7T
. »

. radicalsin an assymmetr1c molecule results in ep1mer1zation18 R
r 3

“ . (equation 13), wh1ch is consistent w1th either a planan (2) or

S .
w

a shallow pyiamldal structure w1th rap1d 1nvers1on.(equaticn,

3
3 )

.
. R -
14),. : : e \
K ' . .
: — .

/



(14) :

ESR and IR spectroscopxc studies have demonstrated,that

the 51mple methyl radical possesses a planar or very shallow

\

pyramlﬂel‘structure at low temperature with about a 59 .de-.

viation from planarity, and that the energy barrier between the
o » A Y - [ '

planar and the ‘shallow pyramidal~structhre'is very lpwlg.

4

v ’ 0
Substitution of- the hydrogens with alkyl substituents favours

-the adoption of the shallow pyramidal structure. The geometry

of the ?adical is further affected by electronegative groups

such as fluorine an@ 6xygen, which can s;abiii@e the radical by

h'«donation.'lncreasiné the number of fluorine substituents on

w?

the central carbon radical, for example, .results in a

a

. progressive‘increaseﬁof dffrortion from planarity.

o .
. \

-
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Structyre of vinylic Radicals . .
Y ! . ' -
} i . - . X R I -
| o Vinylic radicals can either adopt a bent 'geometry with -

the unpaired electron in a sp2 orbital (5), or a linear -

structure with the odd electron in 'a p-orbital (§).

~

jon

- ESR studlesz! are con31stent w1th the bent geometry and the

1

90351b111ty of rapid inversion of the two 1somer1c radicals !
o {5), the barrler of inversion being ca. 8 Ki/mole. EXpenmental
st:udles22 23 confxrm rapldly 1nvert1ng bent structures. For .

3 . -

lnstance, heating either cis- or _t';r_g_q_s_-dlcmnamoyl peroxide 17

in carbon tetrachlorlde give the same mixture’ of E a&nd 2 -
g chlorostyrene 8 and 9. This can be explained by‘lnvolvement of
| e1theq a planar or rapidly. inverting bent intermediate radicaI
Whén bromotrlchloro methane is used as the solvent (scheme 2),
the ratio of the products~ is sllghtly, ‘dlfferent for the g}_s_ or
. trans precursors.-v’lfhe latter 'can ‘only‘ be rationalized by.
pést.ulat):i’ng f:haﬁ th‘e'reac.:tion‘oyf the .bent radic;al i’nt.ermediate
witl'; the more reactive bromotrichloromethane compete's witl'l

'inversion of the radical intermediates 5 (R = Ph). .o

3
ol
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Ph< 00y, CCly  Ph 1 Phy
1 L e e
Pha___C0p, BreCly 'Ph _ _6r Ph\=\ |
' . , Br
Phe : 3 !
, ' - "BrCCl,
\=\cn,> — L5 85 -
2
(

' Stability of/orgéhic radicals

'In the free radical halogenation of alkanes, the ease of

*

hydrogen absiractién to give the alkyl radical follows the
order ’CH4"<ﬁ.]ﬁ> < 20 45 30, The ;xperimental activation
energié824 Eact (Table l)’indicatg a decrease in Ejct
pﬁralleled.by an ine}ease in the rate of réactipﬁ in this

series. The bond dissociation energie525 also decrease with

- decreasing activation energy (Table 2).

\ The above oréer for the ease of formation can be
rationalized: by assuming that the radical Y is more
nucleophilic than a simple alkyl radical and that the polar .

factor plays a role in stabilizing the transition state by way

L | 14 -
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Table 41 Enerows or Ac}m\'mu. Kcar/Mous _
R~H + X- — R-+H-X -
R X = Cl X = Br
- CH, 4 18
1° 1 13 ¢
h q z 05 10 - .
3 04 ‘-7.5
- . »
A . .
AN @ °
18 ¥
P 3 >
. Y
Table 2 Bond-Dissocistion Energies (keal/mol)* )
Bond D.E Bond DE.
> CHy~H 104 HOCH;~H 92
CH)C":"‘H . 98
{CH,),CH—H 94.5 CH,IC'CH,—H . 92
(CH3),C~H 9
N ~<,‘D N=CCH,—H 86 '
CH=CH—=H 104 ﬁo oﬁ
XCH{ CH’ - Cl'l; 30
éz.CH_" 101 (CHWCO—-OH “ ) .
«  PhCH,—H : s F ' g:_
CH:SC'{CH)_H _85 Bf-a‘ ‘6 : =~
. OyC—H : 9% -
= ; C;Hs—F 106 H-F 136
. CH—Q 81 H-Q 103
. C;Hy—By¢ 69 ° H—Br , 818
‘ CiHs—1 53 H-I n
s. Deta taken from J. A. Kerr, Chem. Rew. 66, 463 (1966),and S. W, Benson, J. Chem. Ed 42, ’
. $02 (1968).
1 i _ -
g 15
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of contributing structures (equation 15). Therefore, the

greater stabilizing ability of the R group results in a lower

/\z amount of energy needed to form the radical.
P .
— o 5o
R—x + Yo m—m—————pe R.....X-....Y (,15)
- X = H ’ C].' Br et Ceans _

‘ )

-
’

The stabilities of carbon cenpered radicals follow the
same order as that of carbocations (16), the vinyl and aryl
radicals being the least stable with very short half-lives (10~

10 to 10-8 5ec). Stability of radicals then increases with the

Ph. , CH=CH. < CH3- < RjcHz* < Roca ‘a6

< R3C: & RCH=CH-CHR < RC=C-CH2

- \
{

1

number of substituents. Allyl and benzyl radicals are

. stabilized by f;-conjugatiop. Aahoteworthy exception is in the
propargyl radic?d, which is found to be 4.5 times more stable
\“\\\}han the allyl radical, the ethynyl group with its $p

) 4 o 2
hybridization being more electron attracting than the vinyl

groqp(spzh .
'Heteroatom substituents such as oxygen 12 or halogens

~—also stabilize radicals to some degree through = -donation.

«
]

16
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Electron withdrawing alpha substituents such as carbonyl (13)
and thiocarbonyl ‘functions or nitriles are also known to
stabilize the radical through ¥~ resonance. Furthermore
radicals are extremely stabilized by adjacent elecéron*
withdrawing and electron releasipg funcgions in molecules such

as 14. This mutual reinforcement of-the two substituent effects

on the radical is known as capto-dative stabilization26,
. 0: : S 3
(X} Y , .
A o et A = A
T o 13

X - X7 .
. .. )
S
RN

The ease of radical formation is also dependent upoh the
nature of the covalent C-X bond to be broken. In thélcdrbon-
halogen series, the bond dissociation energy decreases along
the series chlorine, gromine and iodine (Table 2), and thus a
lower amount of energy is needed to form the alkyl radical in
this series. For instanée, the tributylt&n radical abstracts(*
: thg halide atom from n—butyl.chlqriQe at 1200C, from n-butyl

bpomide at 800C and fro 1 iodide at 400°C.

From a synthetic oi view, the various substituent

,

. effects onxthe g ne tion of an organic radical can lead to

very useful applications. For example, benzotrichloride 15 can

be reduced stepwise to benzal chloride 16 and to benzyl

chloride 17 with tributyltin hydride27.

0

17



A more elegant example is the sihthesis of butenoclide lg, Thé
tributyl tin radical abstracts the bromine from 19 at gooc,
-leaving the less reactive carbon-chlorine bond intact. The

alkyl radical formed éhen undergoes intramolecular cyclizations

to give the tricyc}ic compound 20, which is then transformed to

—

- the butenolide by ‘standard methods?28.

v




*

Organic free radicals can also be generated from other

compounds guch as xanthates, 1midazély1thiocarbonates, thio--

phenols, thiopyridines, and nitro alkanes ‘(equations .17 to 19)
at different rates, making free'radicél reactions Q%ghly chemo-
I

selective29,30,31,
B

R
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Catalytic Chain Reaction

, 4
There are two types of initiations of a free radical chain

Eye)

reaction (equation 20 and 21): the free ‘radical {éaction‘which

o

is generated by the homolysis of a covalent bond and, less

commonly, by an electron.-transfer process (Redox reactions).

t
[ i

A-B —p» A ' + B L (20)

Homolysis by thermal or photochémical reactions

A free radical chain reaction involves the generation of a
catalytic amount of radicals from an initiator, a series of
propagation steps and finally, termination.by coupling or dis-

proportionation (equation 22 to 26).

A- (22)

In i
A~ + B-C —» A-B + c- ‘ (23)
. ® CC + B-C —>  ‘C-B + Cr (24)
G+ + D= —P . C-D-E° R (25) )
‘ c o+ c "‘P : é-c\ T - (26

-

-The radicals are generated by the absorption -of energy
either by photolysis at ambient temperature or by the thermal
decomposition of initiators. Radical initiators contain a weak

oxygen-oxygen linkage such as benzoylperoxide (equation 27), 'or

qu T ©oe 20

A-B + e —» A + B™ o en
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. T ~—~A—~;’ ,
\ . ° ° v °
contain an azo moiety such as azobisisobutyronitrile (equation

!
28) which decomposes into nitrogen’and alkyl radicals. — -

/&;' /ﬂ\ ——-;2 —-»2Ph’+ a:o, (27)
0-—0_ Ph SRR -

]

Ph~ 0.

°
.

Tﬁere are -a variety of initiatorsg that generate radicals
I

tpermally at or above room temperature, and it is practical to
choose a compound with a half-life comparable to the reaction
time at the temperatu:e’needed. Figure 2, shows a piot of half-

’ ¢
life versus temperature for some commonly used initiators32.

wo . .

\—-m -
~~
=S
—t .
(4
[ - -
- - .
= 0.1+ S
- - : -
-
L ,
x ’
. S A Y A At Sy T ,
’ 20 . 40 80 . 80 100 120 j40 : g

| A N ()

Figure 2. Half~-lives for the decomposition of some common

initiators. (a) ‘@i-t-bu peroxyoxalate, (b) AIBN; (c) 52082 ;
(d) Benzoyl peroxide .



A wide variety of radical propagators are used, such as the
bromine .radical in the bromination of an alkene (page 8) or the
o tin radical (Sn'°) in the cyclization of an al'kylhbalide (equa-

tion 12). In the formation of carbon-carbon bonds, t'he,halogen,.

nitrogen, phosphorus and most organosul fur radicals canpot be
used since they react wifh carbon radicals to-give,ahﬁadduct.
However other ffée radical. chain propagatorslsﬁch as
organosilicon33~(Rgsi°), organc‘>germarxiu'm3‘.l (R3Ge*), organotinl6
(R3Sn*), organolead3> (R3Pb ), or t- butyl sulfur 36 do .not
t usually 1nterfere by adduct formation with carbon radlcals and

behave ideally as 1ntermed;ates. & .

The overall reaction of the free radical. process involvving
-~ an alkylhalide and an organometallic hydride to g1ve the

correspondlng reduction product and organometall1c hallde is

o given in equation 29.

R-X + M-H —» . RH O+ MeX (29).

-

The bond dissociation eper&_;ies for group..IV organometallic

compounds3® are shown in Table 3. Focussing on the difference

-

in dissociation energy between the metal-hydride and metal-

. » halid? bonds, it can be seen that ®“there is a. favourable

-

enthalpy change for reactions involving' the organogermanium,

organotin or organolead. However, it is less pronbunced for
organosilicon. The temperature required for the reaction in

equation 29 to proceed is about 60 to 80°C for tin, germanium

$ 22



or lead, and about 160-1700C for silicon. Furthermpre the

co}responding organosilyl halides are S

» B Y

<
0 ~ -

L)

Table 3. Bond dissociation eqergies*L Me3M-X, (Kcal/mol) of °
compounds Me3MX . u — '

- -4

XM 3
s c si Ge' Sn Pb . .
' r105 . 90 82 4 . 62 , |
Br 70 94 104 85 . - '
c1 - 84, 111 116 10,0 . -
“oH o2 126 - 110 =

* N . ' “ . oo
Data obtained from reference- 36. ) .

s

strodg Lewis acids, wﬁioh are .known to.cleave quite'resistéht

fnhotional groups such as ethers or esters ;t hfgh tempeﬁ-'

“atured’. However, if the above reactions (equation 29) are

pefformed"at~ambient temperature by photolysis, then organo-

srlanes can be very practxcal. The organogermanlum and organo-

lead hydrldes are con51derably more expen51ve than organotin

hydrides and have not been studied very extensively. The mosc*

»

commonly used reagents for the free radical chain reactions in

— X

organic synthesis are thus triélkyltin hydrldes, and they are
the only metal hydrides USed in the present work. N

The first report38 on the reductlon“of‘an alkyl haliqe.
with an organotin hydrioe appeered thirty yea}s ago.' It was

t

.23.~
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soon followed by several mechanistic investigations39, and it

is now accepted that this reduction proceeds by a free ‘radical
o chain process. A typical ‘frée radical ‘chair'x .cycle is depicted

o in Figure 3. A catalytic amount of initiator (usually AIBN)
generating the|tributyltin radical species’ ﬂ The tin radical
then abstracts| a broming radical from the-alkyl halide 22

'

. ~resultin’g in"the formation-of the orggnic’radicall 23 which in

24 and regenerate the tin rgdicalls‘pecie'é 21. Aliernatively, if

an ‘unsaturated moiety such as 25 is prefse'r}t‘,' the or\\ganio

organic radical 26. Abstrac‘éi-dn of a“hydrogen radical from

tributyltin hydride gives the cyclic product and reg_énefateg"

0 . the tin radical species 2. - . / ‘ .

-

abstracts a hydrogen rédicél from tributyltin h‘y‘dr;id-e'

A ) turn cando either of the following: it can absttr—pct\:a hydrogen -

radical from tribatyltin hydride to give the. reduction product .

AR radical can undergo an ‘intramolecular cjclization‘ yi,eiding tﬁe‘

/
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The former pathway leading to reduction, 24 will be
favoured by a high concentration of tributyltin hydride (( 0.1
MY. If the cycilzed produgct is des1red, low concentration (0. 02‘
M R3SnH) and/or very slow addition of tributyltin hydride will

favour the 1ntramolecu1ar cyclization as the predominant

, pathWay. T = - '
Redox reactions . = = = . T
A-redox .reacgtion involves-an oxidation—reductien pro-

-cess génerally of a transition metal such as cobalt‘o ‘sild“
ver41, copperd42, mercury43 or manganese17 A typical example is

the use of cobaloxlme as the catalyst (Flgure 4). The Col+ 27\

generates the organlc radical 28 and is oxidlzed in the process
to the Co2t+ state. The organic radlcal may undergo>various
propagation procesees and then tinally abstraets a hydrogen
radical frem the solvent.. The Co2+ speeies is then reduced with .

‘sodium borohydrlde back to 1ts original Col* valency. Since the
‘organic synthetlc chemist usuably prefers mild conditions,
these redox type reactlons_are not as pppular as the free

radical chain reactions discussed previouslyr

- - !
' R‘g:(& e . B <-B w%—\ m v. ?,S:?v
R’ i . 2 R’ E .
" et o) ' , ' ::20/:
21 l(Co) o o . 76
N\ f " N LI O\H’ L
- et ) -'j:rﬂa) L :
i RL % © . . Cobaloxime

Vs



E? o " Kinetic analysis of the free radical chain reaction :

t

- v

Using l-bromohex-s-éne and tributyltin hydride with cata-

‘ﬁ; , lytic AIBN , the gineéié analysis'of a tgpiéal free radical’
- chain reaction can be easily derived from the sequence be;ow44
(equation 30 to 35). .
© .
Initiation: . , kf : -
AIBN —%  In-
-~ . k2 . - . ,
In*  + Sn-H — In-H + ,Sne s (BQ).
éropibationr’ ' S -k3 . - : ‘ :
. Sn* + Br-R —p Sn-Br ‘% R o ©7(31)
- ](4 - ] ’
.R + Sn-H «p Sn° + . R-H T (32)
, N 3 , - » v - ~ . ’ .
) ks " ‘ k‘ ) h . “
.. R~ —» R' + Sn-H —» Sn- + R'-H - {33)
Termination: ) ke ' ) !
| Sn* ° + Sn* —P  Sn-Sn - (34)
“,’ : ke ' " .
'Re + R —p R-R , '(35)

N o , \I
The overal} rate of reaction can be expressed as:

rate =-d [AIBN]=d[Sn-Br]' = ~d[R-Br]= d([Sn-H] " (36)
o dt, - dat T de dt . '

l A

,r ' Assuming a steady' state = approximation, the rate of ‘initiatiom’

4

can be set: to equal the rate of termination, and assuming

- e ., equation 35 to be the dominant rate constant for termination we,
; obtain: - ' :
1 D)l ' . - , 4 \ - . N
Ky [AIBN] = k¢ [R°*]2 , : L (37)
' 0 ’ ' ’ ' ) '
,|!, g 26 - s

r
t



At a 1low concentration .of tributyltin hydride, the

'oﬂ intramolecular cyclizatior; (kg) is favoured and the rate

determining propagation step becomes k\4.
rate = kg4 [Sn-H] [R°] ’ - (38)

substituting [R*] in equation 38 with 37, .gives
rate = kg([Sn-H) * k3 [AIBN]. . (39)
: ~ kg -
LY

in which the overall rate is pfoportional to the ‘squafe root of
the rate of chain initjation and thus not very sensitive to the
initiator concentration.

For carbon x.:adicals, the rate constant for termination in

most cases is diffusion controlled, with k¢ = 109 -1 sec™1.
"Usually the radical concentration during the chain reaction
o (propagation steps) initiated by the catalytic amount of AIBN
- is _9_9_.&8"‘5 mole/1l and inserting these values in equation 40,
rate of propagation _ kg [Sn-A] IR'] y 1 (40)"
rate of termination K¢ [R]2 -

&
hY

b4

it can be estimated that kg4 must be greater than 103 M~1l-gec™l.
Usually, k4 and ks are far greater ( 106 M~l-sec™l). Further-

more, since the homolysis of aliphatic amiﬁe_s (N-H) , alcohols

27 - -
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(0-H) and carbonyl méiéties takes place with rate % smaller
than 102 M-l-gec-l (at room temperature), these functionalities
are attacked so slowly by carbon radicals, that they need not
be protected during the cou se of the reaction which is

invaluable in organic synthesis. ) ' _

Intramolecular ring closure

' The ring closure of the hexenyl radical®? 29 can result in

tpe formatigq of the methylcfclopentane radical 30 (%-gig
‘addition) énd/or in the formation of the cyclohexane radical 31
(G-QQQg riné closure). Tbermodynamﬁcally, the secoédary radical
gi is more stable than the primary radical 30. However, the
.major producﬁ obtained at 80°C is methylcyclopentane45> (13/23(=
98/2). Futher investigation revealed that the mode of finé

closure was irreversible under these conditions and that no

resonance hybrid was involved46, ije. that 30 and 31 are

discrete species. «
N 4'/'\-

~

,g% o 3
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- The 5-exo-progess proceeds in"a highly réegioselective
fashion to give the thermodynamiéally less stable produ&t.

. £
Several explanations for this have been put forward. Baldwin's

vector approach analysis47 indicates that-thg trajectory for
the incoming radical onto the unsaturated moiety to give the
ring closure, will proceed through the least amount %f
distortion in bond angle and distance. Accordingli, for the
cyclization onto a double bond-{trigonal system), the 3 and 4
ggggfmode.is disﬁavoured whereas the 3 to 7 exo- processes as

well as the 5 to 7 endo-processes are favoured. However, the

‘exo-mode of addition predominates over the endo-process. For

cyclization onto a triple bond (digonal system), the 3 to-5

endo-modes areudisfavoured and so are the 3 to 4 eonmodeSa'Tﬁe

5 to 7 exo- an@,&ﬁﬁ’ff;nd 7 endo-modes are favoured and the

¢
exo-mode of ad¢dition predominates over the endo-process..

- ¢
A second explanation has been provided by Juliad8. In this

hypothesis, he considered the most favourable transitijon state

L]

for ring formation of the two radical intermediates 34 and 35.
. ” )
The unfavourable non-bonding interaction petween the pseudo-

axial proton at C-2 and the syn-proton at C-6 should de-

stabilize the transition state 34 with respect to 35,

o
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34 R=H
36 R=CH;7

resulting in a more favoﬁragig\5—252-cyclization. Further
support for this is the cyclf%atfén of the radical 36 where
the syn-methyl group ,induces seveée non-bonded interactions
affording only®the S-membered produ;t49. However, the
cyclization of the alkenylaryl radical 37 , in which there is

no pseudo-axial proton at C-2 in the transition state, gives

regiospecifically formation of the 5-exo product50,

LS

- . .
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. A number of theoretical treatments5l support Baldwin's
vector analysis appfoach for the alkyl radical's attack on the
plefin being the dominant interaction. "The transition complex

for the incoming nucleophilic radical on an olefinic bond

‘involves overlap of the occupied 2p orbital with one lobe of

the vacant x>

orbital creating a fractional positive charge,
wheras the'incoming radical becomes negatively charged (Fig 5).
This transition complex, can be be more easily attained for the

5-exo-ring closure 35, where the required amount of distortion

.~

_ of centres is lower than that of the 6~endo-mode 34.

The favoured exo-ring closure becomes disfavoured, as
expected, with inéreasing the chain length, and the preference
of the exo-mode decreases in the series l-buten-3-yl, l-penten-
4-yl, l-hexen-5-yl, 1-hep£en-6;yl and l-octen-7-yl. Thus, the
d{fference S?tween the transition state for the exo- and endo-
ring processes become smaller for the larger flexible rings.

. There are some notable exceptibﬁ té the above rules. For

, / .
example, the S-methyl-5-hexenyl radical 38 and the 2-cyan01

radical 39 give predominantly the endo-product. However, the

38 40 % 0%
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kinetic' data52 show that the 6-endo-cyclization is not

. LY
enhanced, but because of steric interaction, it is ,the rate of

the 5-exo-¢yélizat19n which is greatly retarded.

More . interesting than their regiprecificity is the

v

stereospecificity of the cyclization reactions. For instance,
the cycliZation of 2-heptenyl radical 40 gave predominantly the
cis diastereomer 4153, and similarly the acyclic radical 42

-

" gdve the cis-fused bicyclfc compound 43 as the major diastereo-

1

mer34, The preferential formatipn of the cis isomers

1 32



most probably results from the favourable electrostatic inter-
action of the dipolar transition states (Figure S). An alterna- -
tive explanation55 has been ascribed to the effects of orbital

symmetry.

Figufe. 5

Intermolecular addition

'The bimolecular addition 6 a caébon,radic£l onto an
unsaturated alkyl moiety is -considerably slower than «the
'corresponding intramolecular cyclizat}on.The unfavoufablg
entropy effect for bimolecular additions can be compensated for
by usipg an eleétron withdrawing group on the olefin (Michael
acceptor) in order to lower the activation enthalpy of the free
éadical addition. The raté of hydrogen abstraction from the
orgénotin hydride by a carbon radical is about 106 M‘ljsec‘I.'
and the intermolecular addition of the radical onto an electro-
”bhilié olefin 'such as acrylonitrile or mgﬁhyl acrylate is
equally ca. 106 M~l-sec-l. In order to favour carbon-carbon

bénd fogmation over reduction, an excess (lo’ho 20 gq.) of the

electrophilic oléfin is necessary. Figureﬁg outlines the

catalytic cycle for‘inteémolecular addition reactions. The

radidal species 44 adds onto the terminal bond of the electro-

Id

s
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philic-olefin exclusively, due to the therm@ﬁynamic stability

"“of" the rabical intermediate 45 formed. Adduct 45 is stabilized

by the electron withdraw1ng substituent (Yé and thus much less
nucleophilic. The rate of addition of 45 to an electrophilic
olefin is approximately 102 ‘M-l sec-l and it is therefore

trapped by tributyltin hydride to give the product before it

can dimerize (or polymérize) with the excess electrophilic
1

olefin. One condition which ié therefore required in the

1ntermolecular free radical reaction, is that the nucleophilic

alkyl radlcal 44 must be’ cons1derab1y less stable than adduct

. < - i .
Bu,SnH )
) Bu,Sr® R h . ‘
BuySnX ¥ ) -~
a l‘\\ ‘ \-\Y i
o . ) ' N R-X .
Figure 6 _ )

. The stereochemistry of the intermolecular addition is
- e . .

found to be qontroliéd'by both steric (equation 41) and elect-

ronic (equation 42) factors of the incoming radical56:57, Thus,

the sugar radical 46 adds acrylonitrile substrate from the less

'hindéred side of the furanose ring, to give exglusively the

adduct 47. Alternatively, the glucose acetal 48 adds to the

acrylonitrile to give the more constrained diastjffomer 52,/).

s, <
34



-
\ .
- # ?
. ~

s

probably because of the anomeric effect which SJEbilizes the

1

intermediate radical in the axial form.

The major side product encounteredlin the ebobe inter-
- molecular reactions is the direct abstraet}on4pf§ahydrogen
radical from tributyltin hydride} resultipg in reduction of the
erdanic radical. One method to avoid thfs byproduct is by usipé
organotin—compounés such as allyltributyltinse'(eﬁuafion 43) or
tributyltin acrylate59 (equation 44{[\which act as: both
Qleflnlc substrate and tin radical chaln propagators. These

)

have been used st01ch10metr1cally to trap alkylradlcals and

give ‘adducts in high ylelds. In this Sg2 react1oh, the radzcal

adds onto the a11y1t1n substrate 50 to give, ;Ptermedlate

radlcal 51 which then generates the tin radical propagator 52 ‘

by dlsproportlonatlon (Flgure 7). ’
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! CHAPTER 11 : MODEL STUDIES TOWARDS THE SYNTHESIS OF SESBANIMIDE '

&gl

»

Introduction

0

. Sesbanimide A (53), is a potent antitumor agent isolated

from the seeds of Sesbania drymmondi{GO qu Sesbania punicea®!
in low yie;qs:(IO'S $). Its t}icyclic structure isnovel with ]
respect to the three rings linked together by single bonds. It
has shown remarkable activity'against'ieukemia in mice and
notablé inhibitory activity in the growth of human cancer cells

' in vitro62, The rélative stereochemistry of sesbanimide ‘A was

determined By X-ray crystallographic analysis, but the absolﬂte2
stereochemistry has only been established recentl& through its
synthesis. Pandit and coworker63a, followed by Schlessinger and
wOod53b,'indepéndently reported the'synéhesis of (=)~
sesbanimide 54. Subsequently, Terashima a;d Matsuda64,
sypthesiiea (+)-sesbanimide ¢«53, and through compari§on of
rotation with the authentic alkaloid determined the absolute

configuration of the ﬁatural product to be (+)-segbanimide .

“
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Sesbanimide has also been the target of Severél mo;iel
st\:ud'ies'_ pertaining in péi:ticular to the lactol and glutarimide
ringsﬁS, the latter r'ipg “being a widespread moiety in
g]:utarimi'de anti’l;ioticsfi"‘ such as cyélohéximide (55), and

13 .
protomycin (56).

4

Most approaches reported in the literature derive thé"”
ceritral ring B (57), from appropriately Qrotected glucose 58 or
the“ rel.a;ted pentbse having the same relative stereochet;listry at
C-2, C~-3, and C-4 where C-1 and C-5 are m"aske;i aldehydes67,

From these potential aldehydes, the 1lactol (~r'ing'_ A) and

"glutarimide (ring C) can then be constructed leading to both

. /
enantiomers of sesbanimide. ‘

oM g
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- . In solution,athe lactol ring of "sesbanimide is in

équilfb:ium'with the corresponding- hydroxy ketone 59. The .

hyéroxy'keﬁdne is very base labile, resulting in the
isomer{zatibn of the double bond to the more stable_conjhdated

system 60. In strong acid, it rearrangéS'to the furan 61 with

loss of water68.- s B .

L
— -

A . '
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‘Model Study towards the Synthesis of Lactol Ring A

0

-The strategy we envisaged for the synthesis of the lactol

(fing A) moiety, was a mild free ragicaf cyclization of an
- - AN

falkyl halide onto an aéetylehic bond via a 5-exo-dig-process.

.(Sche@e 2). Commercially available 3-bromo-2-bgtanone was thus

ketalized with an exgess_of propargyl alcohol and catalytic p-

toluenesulfonic ;cid at GOOC overnight to give the ketal 62 in

- <80 % yleld. CycL1zat10n of 62 in boiling benzene containing 1.1
’ SN

" eq of trlbutyltln hydrlde and AIBN (cat), gave after five

hours, a 57 % yield of the cyclic ketal 63 together with some

product of reductlon 64 (15 $)e

of .
Me
. MO-HH
O\A
- 64

Scheme 2 .

In order to test this sequehce on a mére complex sub-
strate, and ascertain the usefulness of the recently described .
p-methoxybenzyl protecting grqup59, we nex£ proqeeded to trans-
form the commercially available 1,2:5,6-diacetone glbcose 58
"into the bromo~ketone lg. Protection of the 3-hydroky group of
58 with p-methoxybenzyl chloride and tetrabutylammonium iodidé
gave a 95 % yield of 65. Hydrolysis of the 5,6-acetal moiety of

4
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35 with 70% agueous acetic acid then gave 87 % of the diol €8§.

’The direct transformation of diol 66 to the acid 68 using

sodium per1odate and pota331um permanganate, proved to be
difficult. The p-methoxybenzyl protecting group was oxidized
giving mixtures of debenzylated diol, aldehyde and acid. In
retrospect, this is not surorising since the p-mephoxybenzyl
fungtionality can be removed using a'mild oxidant such as
dicyanodichloroquinoné (DDQ) The diol 66 was then oxidized
with sodium perlodate to give the aldehyde 67 as a crystalline

product in 90 % yield.

0=
/ 0 0. 0 o
MBn) —> MBn
0 c | <
- Tty
65 (] : 67

' ~

:.After investigation of several oxidants, it was found
that silver (I) or silver (II) onides transformed the aldehyde
gj eo the acid 68 in 85 % yield. Treatment of the sodium or
triethylamdne salt of the acid 68 with oxalyl chloride at -10°C
in methylene chloride, gave the corresponding acid chloride 69.
This' acid chloride (69) was then treated‘with excess

/
dlazoethane at 09C (24 h), followed by addition of an excess of
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pyridinium hydrobromide to afford the bromo-ketone 70 as an 8 '

to 1 mixture of dlastereomers (36 %), which were separated by

flash chromatography. Ketal ization of 70 with propargyl alcohol

[

o= o= | >‘“9"

M ; ¢
. | aﬂ — MBn — MBn
a 0
1

. also proved to be diFfficult. Uéing seve}:al acid catalysts such

as p-toluenesulfonic acid, acidic resin or chlorotrimethyl- .

silane resulted in hydrolysis of the ketal and p-methoxybenzyl
moieties. The p-methoxybenzyl {)roi:‘ecting‘group was therefore
removed with DDQ to give a 91 % yield of the alcohol 71. Cross

ketalization of ﬂ'with' the dipropargyi/\ketal of acetone 72 and

acidic resin, then ‘afforded 27% of the ketal 73. Finally,

radical cyclization of 73 1n 0.02 M b01ling &anene with 1.1 eq
of tributyltin hydride and AIBN (cat) gave after 5 h the cycl ic
ketal 74 (56 %). This radlcal cyclization was performed using
the majo.r diastereomer der'ived from~ 70, and gave only one
detectable diastereomer of J4. The radlcal cycllzatlon thus
proceeded stereoselectively. However, we were unable to

ascertain its stereochemistry by nmr and mass spectrometry.

This cyclic ketal can, in princ1ple, be converted by mild-

_hydrolysis to the lactol ring.

-
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Since the' p-methoxybemzyl - protecting group seemed to be
unstable to acid catalyzed ketalization procedures, we investi-
gated its §tability to the thio-ketalization procedure which we

<

.
were expecting to use to construct the middle ring B of

sesbanimide from the glucose derivative. When the methyl ester:

75 was treated with ethanethiol in the presence of “catalytic
amounts Of zinc chloride, both ketalization at C-1 and
cleavage of the ether »aat .L-3 occurred to give the

correspondiné p—methoxibenzyl thioethyl ether 76. Although the
p;methoxybenzyl protecting group is éeported to be stable to
agqueous acid or base, we found that it ié unstable to Léwipi
acid promoted ketalization and probably esterifiéation

]

procedures.
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Model Studies towards the Sypthesis of 4-Substituted
Glutarimide

o .

Recent interest in the total synthes1s of sesbanimide, has
led to numerous model studies on the construction of the 4-
substituted glutarimide rings67,68,70, A1l of these approaches
are modif1cat1ons of awell known method startlng from an «, 8-
unsaturated ester 77, which.can easily be obtained from a.
corresponding aldeh)(de by a Wittig reaction.” The ester 7‘7 is
treated with the potasswm or sodium salt of diethyl malonate,
and the resulting triester 78 decarbomethoxylated with sedium
chloridew at 1600C in dimethylsulfoxide/water to give the
diester ’79. Hydrolysis with lithium hydroxlde yields the d1ac1d
80, whlch upon heating to 165°C with 2'to 4 equivalents of ﬁrea

gives the glutarimide in feasonable overall yields7l (Scheme

[}

3). 'Since this procedure, or its modifications is quite’

-cumbersome, we sought a differefit approach involving a freg

radical reaction.'

¥
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The use of egcess olefinic substrates to trap organic -~
radicals ylelding the corresponding 1,4- addition products ‘has ,
been well documented. In order to make thls reaction
syntnetically useful for the‘formetion of 4-substituted glutar-
imides, we studied cond;tions for the addition of organic

radicals generated 'in situ with tributyltin hydride, using ‘as a

modél substrate the silylated glucoee 81-to obtain either the
correspondlng diester or glutarimide directly. Thus, when the
e.ﬂ-unsaturated ester 8172 and a twenty fo;d excess of methyl

‘ bromoac*tate were heated to 800C with a catalytlc amount of
AIBN and slow- addltion of tributyltin hydride over a 15 h
petiod, a 30 % yleld of the glutarati 82 was obtained with
°recovery of over 60% of the starting materlal.'Removal of the

- "sztannanes and reoycling the crude reaction/product employiné
the same conditions ylelded 56 % diester 82 and 8 % starting

material.




RV RS

-
-

Si=SiPho + = -
v | o
It should' be noted that‘on more rapid addition of tri‘b'utyltin
hydride, or on dilutio;n with solvent, the yield of 82-was
vanishinglyw.f:{mall.‘ | .
Addition of methyl bromoacetate f;o methyl acrylate (§_3_'\) or
met~h'yl cro‘tonate'(u) in ,benz‘en‘e ugiﬂng"the conditions

described, gave 85% and 77 % yield of gluta'rate 85 and 86

without recycling. teo _ o ) , o

~ N Vo I’

» ¥ ‘ i
More interestingly, when the above reaction was carried

out-with excess iodoacetamide as the radical precursor, 81 as’

b N

; \ L - L] -
the unsaturated ester component, and the mixture irradiated

[ v
\ “
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product was detected.

with a tungsten lamp at 80 - 900C, a mixture of amido ester 87

bl 4

and glutarimide 88 was obtaiﬁgd after recycling once. Further

* heating of this mixtureiat 1200C gave 64 % of glutarimide 88,.

with a 5 % recovery of 81. Higher yields could be obtained by
cyclizing the isolated amido ester 87 by known methods?3. A
51milar g1utar1m1de derivative (88 R = Bn) has been convetted

to the A/B rings of sesbanlmlde57b

:.
Iy

A

siﬁilarrmixtures of Tiiig:gy;a' 8% and 90 and glutarimide 91
and 92 in 87 and 85. % comblned y1eld respectively. Further

heating prov1ded glutarlmides 91 and 92°in good yield without

recycling. In all of.these reéeactions, none of the 1,2-addition

>

. ) ' . - C o
: The iodoacetamidé addition to methyl acrylatg/or/é;;;;nate gave



H

) o ‘ 0

‘ %8 R=H 91R=H
. 90 R=CH 92 R=CH,

. When the above iodoacetamide procedure was carried out on
substrate’4 93, containing the prqiecte; middle ring of
sesbanimide, the expected glutapimide was not obtained. In-
stead it resulted in the cleavage of tﬁe béh;yl etpef
prqéecting groﬁp. Further investigation showed that treatment

0 ~ of subst‘rate 93 with an excess of iodoacetarzr}ide § 80°C for
several hours, resulted in deprotection giving}the‘alcohol 94.
This indicates that the iodoacetamide as théﬁsolvent most
° likely forms some hydroiodic acid which is respohsiple for the
’éleavage of the benzyl ether group. This'is not altogether
surpris?ng, as other. Lewis acids such as ‘BF3 at 0°C are known ]

to cleaVe the benzyl ether functionality’>.

*
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2-Substituted Succinimides by Free Radical .Cyclization.

N -

+

' Since the 5-eko~trig intramolecular .cyc¢lization is

... ~generally favoured over the alternate 6-endo-process, we

.investigated the outcome for the free radical cyclization of .

95. However, in this case the kinetically favoured 5-exo-mode

ﬁay be outweighed by the thermodynamically favoured 1,4-

addition (6-endo-ring closure) onto the unsaturated imide. The

imide 95, obtained from crotonamide and bromoacetic an-

o 2 22

. " hydride72, gave exclusively 2-ethyl succinimide 96 derived from
a S~exo-trig addition of the radical to the olefinic bond,

with some product of. reduction 97. During the course of this

~ investigation, Clive and Beaulieu76 reported that the intra--

molecular cyclization of a series of unsaturated esters also
\ gave gxclusively_the 5-exo-ring glosure. Interestingly, recent
investigation by Porter and coworkers?7 have shown that the
intramoiecular cyclizétion of. larger rings ‘containing an

‘unsaturated ketone, gave the 1,4-cycloaddition product

exclusively.

- 49
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'‘through infrared spectroscopy. Monocyclic azetidinones

wl-&
g

CHAPTER III : SYNTHESIS OF TRICYCLIC AZETIDINONES BY
INTRAMOLECULAR CYCLIZATION

’

Introduction ) ' .
by

Some common features of the classical p-lactam antl-
b10t1cs such as penicillin 98 and cephalosporin 99,are the cis
conflguratlon of the azetidinone ring, an amidic side chain at
the 5 or 6 position and a carboxylic acid at the 3 or 4
position fesﬁectively, and a ?used second ring which engenaérs'
enqough strain on the p-—15$lam linkage as to méke it more
reactive than its monocyclic counterpart 100. A method of

measuring the strain and hence lability of this amide bonh is

exhibit the lactam frequency at 1715 to 1720 cm 1, whereas the

more stralned bicyclic, azetldlnone exhibits a higher amide

v
———

’frequency at about 1765 cm‘}.
H
H ,
- RNo . R Neo ___‘/S
0?7 N~ 0?7 " e W
% COOH °  COOH L.
H
R N\ ‘ -
'QN\\ Rz C
N »
o R1 X Rl X '

101
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During the past éécade, there has been considerable
interest81,82 ig preparing tricyclic azetidinones of _the type
101, where the double bond and carboxylic acid moiety of cepha-
losporin 99 is replaced By ; phenolic group. Whereas the monp;
cyclic precursors, 100 were devoid of aﬁy activity, some of the
corresponding tricyclic azetidinones showed weak antibacterial
activity against some Gram negative species83:84, with the
éncouragement of these ‘results, we decided Fo prepare the moEe,
strained tricyclic azetidinones 102 (n= 0,1). The carbapenem
102 (n=0) is somewhat similar to the recently described #-
lactam antibiotic thienamycin (lgg),uekcept that a phenolic
group replaces the a, 8 -unsaturated carboxylic a'cid function
of 103. The synthesis of %hienamycin or carbacephe&s 102 (n=1)_
were previously achieved by ionic methods85. In view of the
known instability of\tricyclic carbacephems~towards acids and
nucleophilic reagents, we sought for a free r?dical method for
their synthesis86,

) As suitablerpreqﬁrsors for the intramolecular free radical‘
annelation yielding 102, the,raaicals were generaféd either
beta .(n=0) or gamma (n=1) to the nitrogen atom of the
azetidinone 104, and a phenyl substituent (R) was chosen so
.khat the exo-mode of addition should be favouréd over the endo-
process. similar free radical cyclizations yielaing bicyclic,

i
azetidinones have been described elsewhere.87

~



X, n .
N ————
- “ HO HO
102 n=0,1 ol _
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~

The monocyclic azetidinones 105 ~109, were prepared by

= )
——

the known methods83, involving the condensation of an appro-

priate Schiff base with azidoacetyl chloride ‘in-the presence of

equimolar amounts of triéth&lamine (Scheme 4; Tabie:4).

.Reduction of the azide substituent using hydrogen sulfide and

triethylamine followed by acylétion of the amine intermediate
P

with phenylacetyl chloride and triethylamine éave‘fair to goéd

' yields of the ~ expected amido azetidinones 110 -~ 114.

53



103 - 109

Scheme. 4

P
B 12

Ta51é§4. Azido—azetldlnones from the condenzatlon of a Schiff
‘bagse with azido acetylchloride.

R1 R2 " R3 $ Yield
cis . trans

’ R 105 CH=CHPh Br H 48 32
| 106 C =CPh’ Br - H . 35 35

. 107 CH=CHPh = CHyosi H - 85 -

108 ' CH=CHPh CH208i OBn 90 -

109 C= cPh CH,osi H 87 - -

Si = t-BuSiMe,

Free radical cyclization of 110 ( 0.02 M in reflux1ng_
benzene) with slow addition of trlbutyltln hydrlde and
catalytic AIBN over a 20 hbkgerlod under an inert atmosphere,
gave the reduction product 115 (15 &), tricyclic azetidinone
116 (5 %) and the azep}none 117 (35 %) tpgetﬂgr with some

- starting ‘material, after separation using a neutral silica hplc

;

3

-

-
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:
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column. The cﬁnfiguraflon of 116 was assigned, based on its
céupling constant of 8 Hz ({H4-H5)' by analogy with
diastgreomers 125 and 134 discussed below. When this tricyclic
benzo carbapenem 116 was placed in an nmr tube (Cpcli). it
decomposed within a week, and 117 was isolated %? the majér
product. Due to the instability of 116 in solution, Ehe free
radical annelation of 1190 was repeated using 1,5 eq of
tribﬁtylpin hydride over a shorter period of time (3 hr). After
in carbon tetrachloride, and 116 precgpitated as colquess

*~crystals (24 %). The infrared.spéctrum of 116 displayed)the

azetidinone carbonyl frequency at 1805 cm~1l, which is

Ph

A

N X BuSnl

P P

0 AIBN

110 X=Br . us -

115 X=H '

R=BnCO

3
considerably higher than for 1less strained 'bicyglic

azetidinones such as cephalosporanié acid ( 1765 cm~l). The

decomposition of 116 to 117 most likely resulted via proton

. abstraction at C5 with double bond formation ' at C4-Cs and ring

"opening at ﬁhé'c4-N position to give 117 which is closely

related to diazepam (see arrows,llﬁ). In order to avoid this

decompos1t10n, we decided to carry out the next experiment on a

propargyl azetidinone 111, where the resulting produet 119/120

. 55

evaporation of the solvent, the crude residue was redissolved,

.
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lacks the Cs proton. |
Thus, the free radical cycljzation of 1ll. gave two

- .

tricyclic azetidinones 119 and 120~in.a 4:3 ratio as a
crystalline mixture (31 %), mp 140 to 145 O¢. Also, the

reduction product 118 (27 %), some starting material and
" geveral’ decomposition products were obtained. The mixture of
119 and 120 did not survive chromatography using various types

f silica and only 120 was fgcovered partially when neutral
silica gel was used, At;emptg to recrystallize this mixture
also failed, giving decom§05itioﬁ in solu;ion within a few
days. From this decompéséd.mixture was isolated the azepinone

121 which mast likely resulted via protdn abstraction at Cj

forming ahdouble%bond at C3-C4 and ring opening at N-C4 Of the

9zetidinbne ringé 119 and 120, The infrared spectra of 119/120

showed the azetidinone carbonyl frequency vibration at 1824

cm-1,

.
» .
.

H Ph -
RNg_ -

: X

e

111 X=8r

118 X=H -
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Since the benzo carbapenemg obtained were found to be
unstable in solution, -we next investigated the formation of the
somewhat less strained Benzo carbacephems 102 (n;lh
Desilylation of 112 or 113 using tetrabutylammonium fluoride
followed by bromination of the corresponding alcohol with
triphehylbhosphihe and carbon tetrabromide , gave good ylelds

of the ‘bromo azetidinone 122 and 123 respectivelv. -

- + i
H - ;
RNe_ 0SiMe, NBUF RiNa Br i
N
“ mP 0P |
l CBe, .
. R . R .
' 112 R:H \ 122 R:H
‘ 113 R:0Bn 123 R 08n »
e : Free radical cycliza%ion of 122 gave some reduction
product 124 and 65 % of tricyclfc benzo carbacephem, mp 256"
. ' oC, exclusively as the less crowded diastereomer 125. The
infrared spectrum showed the qzetidiﬁone carbqnyl.absorption ét
1755 cm -1 . This tricyclic'product resulting from a 6-exo
i . addition was found te be highly stable in solution. Similarly,
3 - 4-H
R l
No y ,
© em—p
» (/ M ’
s’\
. - P
+ . !_2_2. Xz=8Br 1—2_§
0 & 124 X=H .

. . v
.
57 . - 4 e
* . LY -
N

T



H ) ;
“RN ‘H

N .

a S RNa |
..__N ‘ P .

Wé‘ i = ‘04'-—.“
Bn 0 ) )
[zg'X=Br
126 x = H :

3

free radical cyclization of 123 gave the reduction product 126

and a.good yield of the analogous tticéclic azetldinone 127
(70%), mp 273°C, which displayed the 1nfrared carbonyl
vibration at 1770 cm~l. Hydrogenolysis of 127 using palladlum
on charcoal in DMF afforded an almost quantitative yield of
&@b tricyclic phenol 128,j;hlch dlsplayed~the carbonyl

A4

frequency at lower wavenumbers , 1715 cm 1; due to H- bondlng

"

A

[l
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of the phenol proton w1th the azetldlnone carbonyl. The

presence of the a2et1d1none vas proven by 51lylat1on with
Me381C1/Et3Na which gave a product where the azetidinone fre-

quency reverted to 1ts expected pos;tlon at 1773 cm"1 _In both

- ."of the above cycllzatlons, no diastereomer of 125/127 or 7--

endo—cycllzatfg\\p\cduct was detected.
De511ylatlon of the azet1d1none 114 W1th tetrabutylammo-

nium flubrlde gave a very low yield of ‘the expected alcohol

1

The major byproduct formed was an eight memberéd lactam 130,

which most likely resulted by nucleophilic ring opening of the

intermediate azetidinone 131. The;silyl group was therefore

removed using 20% trifluoroacetic ecid, and the corresponding'
alcohollbrominated‘dsing triphenylphosphihe and carbontetra

. bfomidé,to afford the bromo azetidinone 129 in good yield.@
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The free radical cyclization of 129, -gave the 6-gxo-
intramolecular cyciization groduéts as a 1:1 mixture of
'_'gequtric isbmé}s‘in over 75 % combined yield, These tricyclic

azetidinones igg and 133 were easily separated Ly flash chroma-
‘Eogfaphy And their structures ass@gned unambiguously by nOe nmr
éxpériments. The tricyclic azetidinones 132 and 133, mp 189Jl
ékd 196 OC respectively, were fouqd'to be sotuble in most
prganicfsolventé and stable in solution. Pnterestingly the
hore.sterically.crowded Z isomer 133 d;splayéd:a slightly

higher azetidinone carbonyl frequency at 1753 cm~l as compared

\

llto 1748 cm-1 for 132. Hydrogenation of either 132 or 133 using
plapingn black as cétalyst, reduced the exocyclic double bpnd
from the less hinéered si@e to give the more crowded gricyclic
benzo carb;cephem.lgi as the only product,mp 236-237 ©C. The
cddpling conséanp between H-4 and H-5 was found to be 3 Hz,
| dist&hgtly smaller than for its diastereomer 125 (10 Hz). The

infrared spectrum showed the carbony) frequency at 1768 cm-d

\
¢

‘L.‘i(,-
.
RNa_
6%
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which was, not surprisingly, 13 wavenumbers higher than its

less constrained diastereomer 125. A different perspective of

the product for this reduction (f32£13 to 134), as well as its

>

- diastereomer 125 'is shown in Figure 8.

Fjgia_rc 8

Finally, a. mixture of 132 and 133 was ozonolyzed to give
the corresponding ketone 135 in good yield. Its infrared
spectrum showed the azetidinone frequency at 1793 cm~ 1 and the

ketone absorption at 1722 cm~1.. This ketone was con31derabiy

less stable than its olefinic precursor, and slowly decomposed

o

on silica gel.

61

)



Cpnclusion

Overéll, the infrared déta“indicate a trend of higher
instability as the azetidinone carbonyl frequencyhincreases'
from 1748 to 1824 cm-l (Scheme 5), and that the more
cons%rained diastereomer or regioiso@er display a higheg ﬁ -
lactam freqﬁéncy. Azetidinones with the lac;am'frequencY above
1780 were found to be very unstable. Sinc# a phenolic moiety
with'cloée proximity to the azetidinone carbonyl was found to
stabilizé the lactam linkage through hydrogen bonding, it would
be interesting to prepare the hydroxyl Qerivative of carbapénem
1l6. By analogy with 128, it sﬁould absorbwat 1780 cm~1.

The reactions carried out establish the usefulnéss of a
radical process for the carbon-carbon bond formati&n in
strained azetidinones. These free radica} reactions also give

good’ stereochemical control in the intramolecular cyclization-

ontq an olefinic bond.
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CHAPTER 1V : STEREOSELECTIVE SYNTHESIS OF -ALKYLAZETIDINONES
BY FREE RADICAL CHAIN REACTIONS ) '

%

Introduction

The discovery of thienémyyin 103 as §. B—-lactam antibiotic
has revolutionized the accepted sﬁructure-actié&ty concept with .
respect to configuration grouﬁd the azetidinone ring and the
nature’of'the si&é chain of the azetidinone moiety. The intro+
duction‘éf an analog of 103 as a medicinal agent has led to
renewed interest in the modification of earlier antibigfics

such as penicillins 98 and cephaloéporins 99 at the 6~ and 7-

position respectively88,89,

H H
O g
5 7 &
;I:Jr‘ “04-—N , Rz

EPUH o ' ’ O0H

NH,+

“

Y 3
H -~

Replacement of the amide in 98 and _9_9by an-alkyl grou’p is
usually carried out in the following way. Diazotization of 136
with sodium nitrite and sulfuric acid, followed by bromination

with either sodium bromide or'broﬁine gives 137 or 138

- AN

respectively. These bromo-derivatives can then be reduced to

the dihydropenicillin 139. Metallation of 137 with methyl-

~ 64
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magnesium bromide or lithiation of 139 with lithium di-
isopropylamine then gives the 6-alkylpenicillins 141, after
quenching with the appropriate aldehyde. The products obtained
‘are usual ly a dias;ereomeric mixture with some’ epimerization at
| the'C-S position of 141 resulting from an equil\ibrium of "'140

with 142 wvia p—cleavage. In fact, the major side product from

rthe above redc’tion is found to be 143, which results from the

. sulfide addition onto the carbonyl moiety of the intermediate -

142.

HA MeMgBr - ROOH R
g N
40 = 141 =
Lo I\mm G i
w7 0 S
P B
"2 = ' N “coR
. ‘ . COR 143 ‘

The widespread use of elecltrophilic olefins to trap qarbon
‘'radicals. generated from alkyl halides by a free radical chain
‘l"nechani’smgl, prompted us to ir\xvestigate the suitability of 6-
bromo- or 6,6-—dibromopenic-i1lanates as precursors for such
. trapping lexperimentg.

-
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Results and Discussions

o
n

The 6 a-bromo- and 6,6-dibromopenicillanic acids were

prepared from‘6a-aminopenicillanfc acid (6-APA) by known

methods92,93 and transformed to their benzhydryl esters 144 and

i}g respectivel& in good yields. Reduction of the
dibromopenicillanate 145 with an equimolar(amoupt of_‘T
tributyltin hydride gave 6 g~bromopenicillanate 146 as tﬁe onli
diastereomer together with the reduction prdduct 147. This
latter tfpe of reaction was well investigated by Manhaé et.
al.94, who proposed that the radical intermediate formed at C-6
abstracted the proton from the bulky tributyltin hydride from

the less hindered side of the azetidinone giving the cis-bromo

£

iéomer. _*“ . )
. H ’
Br Sr Br\$? H $
N , Bu,SnH "T" " |
/.-N y AIBN ~ 7N : 0/"" .=.
toor COoR COOR
145 146 7
R=CHPh,

®

When an 0.1- M benzene solutiqn of cis- or trans- 6-bromo-

penicillanate 146 or 144 and the olefin 148 (15 - 20 eq ) was

treated at 800C, with tributyltin hydride over a 5 to 6 h
pefiod, 30 to 35 %‘reduction product 147 and 40 to 67 % of

trans-penicillanate 149 were obtained (Method A, Table 5.
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Smaller amounts of olefin 148 or faster addition of the tin
hydride, reduced the yiéld of alkylated product 149 and

enhanced the formation of 147.

9“ 38'. H\\r
3 - XX YK
Y? 04. z 0% z
. = =L Zoor 149 CooR
Y = COOR P
N g ow - N
OAc \5__r\>< ; i_r5<
0Z "~ 0 N~
e g : 1t foom
R = CHPh, : '

" The 6,6-dibrbmopeniéillahate 145 can be directly trans-
formed to the trans product 149 in a one pot procedure by

first refluxing .a solutior)of 145 with tributyltin hydride (2

) . _
\ e
R N R

N : ~
, wooER =  Coor

67 : !
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Treatment of 6,d—dibromo§enicillanate X45 with excess
olefin and siowvaddition of tribu;yltdn hydride over a 5 h
oeriod, fol lowed by evaporation of the excess olefin and sol-
veﬁt, gave after further reflux (2 h ) with 1.2 eq of tr{butylf \
_tin hydride, 40 to 55 % reductioﬁ?produqt end 35 to 47 % of the'

cis-penicillanate 151 as the major diastereomer (Médthod C).

7

‘Similarly the 3,3-dibromo azetidinone 152, prepared from
the . tribromosilyl ester and corresponding Schiff base with tri-
phenylphosphlne (Scheme 6), was converted by method A to the
Egggg product 153 (46%) exclusively, and via method é to the

cis-product 154 (44 %);as,the major diastereomer (6 :1).

Br‘ r T
' Br
Br— -5 PPha
- | a

0 DSlMea

:
[}
c”43-¥n~‘

Scheme 6 !',
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Table 5. Reaction of bromopenicillanates with olefins 148.

entpy \substrate ~ olefin method !ie1d=‘% -
/\( T 1s8 149 151 -
3 ’ Erans cis
| a 144 =-CN A 67 -
b . ;ils_ '=-CN B 48 -
) c 146 —-CR C 8 47
. a 144 . =-COoOMe A 55 -
e 146 =-COOMe C . 6 44
\ /-‘i o f 144 =-0Ac A 43 -
g 146 =-0OAc c 5 35
O ,
- 69
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In all of the above free radical reactions, the use of
tributyltiﬁ hydride gave considerable amounts of reduction

.product 147 or 155. In order to avoid this major sidé.reactioﬂ,

we investigated the use of allyltributyliin which acts as both
the olefinic substrate and tin radical Fhain propégatqr'
(542195
) Using either the cis- or trans-6-bromopenicillanate with
allyltributyltin (3 eé) and 15 8 of azobisisobutyronitrile
(AIBN) in toluene at 650C gave 95 % of the 6a-allylpenicilla-
nate 156 (95 8) as the only detectable diastereomer after 45
\minuteg. Reaction of 6,6-dibromopenicillanate 145 with allyl-
tributy]%i—n (2.2 eq) and AIBN (15 %) gave the 6 g-bromo,6a -
allylpenicillanate 158 (60 %), 6,6-diallylpenicillanate 157
(22 %) and starting material (18 %) after 25 minutes at 80°C in
-toluene. Lohggr reaction time gave higher amounts of 157.
Redﬁction of this mixture using tributyltin hgdride transformed
158 ihto-fhe 6 S-allylpenicillanate 159 as the onl}
diasterqoﬁer in high yield. The stereochem%stry of 158 was’
established by nOe lH nmr experiment. Also, the above
reacéions &id not proceed in the presence of 3_radicq}
scavenger such as 2,6-di-trbutyl—4-me£hylphenol (BHT),ﬂconfir—

i

ming a radical mechanism. »
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T@ reaction time for the ‘above Sy2 process was observed
to be much faster than that obtained from s1mple alkyl halides’

“and al lyltrlbutyltln ( 8 hrs at 800C )96, The rate of conver-

sion of 145 to 158 mas about thiee times fagteér9d7 than t_t:at(of"
144 to 156. Since a bromine sgbstituerqmt' will stabilize the
radical 1nte1:mediate i60 more' ;‘.han an alkyl or hydrogen substi-
tuent, we can therefore postulate that the rate of react1on

increases thh an increase in radxcal stabillzation for the

above Sy2 prqcess. L o ) f
/ _ \
R ‘ - L ]
. \G -

V-4 N f . . -
L 7
. YR = H, Br, alkyl
o - .o
3 R + 71 3
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oL : The mechanism of the reaction must involve a radical.
o, intérmediaEe such as 160 which either adds onto an olefinic
; G \9 bond or abstracts the hydrogen from tributyltin hydr}.de,.'from
A R * . . . .

| A

- the less hindered side of the azetidinone méiety; The minor

. diastereomer 149 (or 154) formed from method C, most likely
. ' ' results from some reduction of 145 to 146, whl,ch then adds onto
"olefin 148 SScheme 7)e- ‘
/4 . ) N ' Yj
. H - « ‘
r . Bres . L . & P
) B B \:_r \:_f SnH ‘ ’,——r .
ral /g——- "'""- — / P
s -1 - ¢ 1__9 ' e
D ~ SnH 7

<*
.'M/—‘-< —
<
-

o
;
3
0
_k

07 0"'"N ‘ 07 N~

158 = 160 = J/ 159 -

158 g
] ' . ) Scheme 7 ~
. . :i ' R @ ‘

. Conclusion ’ . s
. : -
, - , X o

- ) N
In summary, the' tributyltin mediated addition of a 3-

azetidinyl oqr"6-pehicillan§l radical to allyltribu;ylt{ﬁ or

. -
8 . *
4 .

ele\c“trpphi‘lic olefins: 148, cons¢itute a mild and

stereoselective method for introducing alkyl side-chains to
A v ’ ’
azetidinones. - ' ‘



. T The R and S designatic;n for the C (cis)and T (tr;ané)
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CHAPTER V : PROTON AND CARBON-IB’ﬁUCLBAR MAGNETIC RESONANCE -
STUDIES OF T- AND C- AZETIDINONES . .

0

"

L

»

Introduction

. : TN
A number of techniéués have been'puf forward for Z:E iﬁ
the'configuratioﬁél analysis of azetidinones. If both carbon=-3
and carbgn—4'bear proton substituents, lH nmr spectroscopy, in
most instan;es, makes the distinction bepween T and 'C a;;ange-
ments of H-3 and H;4 possible*. For polysubstituted azetidi-

nones, however, no such fast and generally applicable spectro+

ﬂécdpic technique appéars available. Using 14 nmr spectroscopy,

.- »® .
the interpretation of chemical shift:values?® and nOe measure-

)

ments?9 have provided reliable results only in selected cases, '

so that chemical degradation of polysubstituted compounds was
necessaryloo. X-ray crystallography hinges on the av;ilébilfty

of crystals and is both costly and tiheyqonsuminQIOI. Using 13¢

nmr spectroscopy. ly - 13C’long range coupling.cohstants have

been measuredloz, but 13¢ chemical shift values of azetidinones'

have only been interpreted for\iubstituent\effect51°3:

! .
' v,
3

. .
' ~
©§ s, . 1
‘ TR 2,
[ = : ~
. -~
. -or
. D S Y S VP A D T T G T T S T S oy S W W D 0P T 8 e S e S W W A -y S o - -
B

-
I3

azetidinone pairs-are listed in their corrosponding Table ( 6-

6
o

11) ' .

4



In carbohydréte chemistry, l4y and 13¢ nmr chémical shift
"information has been used for mahy years for conformational
analysisl04,105, an4 the data of Perlin and Koch106 indicate
that the net shielding of 13C nuclei of ‘isomeric cyclohexane
derivatives increases additively w}th an increase in repulsive
non-bonding interactipn within the molecules. However, studies

N

of this kind have not been undertaken using azetidinones as

¢

substrates.

This chapter describes the effect of T/C isomerism, i.e.,
changes in conformational strain on the chemical shift values
both of azetidinone ring carbon atoms (13C nmr) and of protons

attached tMMehe azetidinorie nucleus. * .

Results and discussions -

.

A

The azetidinones under investidation were preparéd in the
course of'projects deséribed,in chapters tBréeﬁ%nd four, and
were synthesized via the reaction of an acid chloride and a
suitable-Schiff base in the presence of triethylamine (ééheme
8){;In general, migtures of isomers -were obtajned, with the
rati& of isomers being dependant upon the Schif; base anﬁ the
‘solvent used1°7& and both isomers weré isolated by column
chrométography.The T and C configuration of the azetidinone
‘'was determined from the coupling constants observed at Hy Qnd

Hgq of the azetidinone nucleus, i.e., J= 2-3 Hz for the T isomer

and J— 4 5 Hz for the C isomer.

™
2 '
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Compounds 169,170 and 181,182 were obtained from Bristol-

s atat————

‘Myers =~ and Eli Lilly respectively. The polysubstituted

4

azetidinones 183 to 190 were prepared by a method analogous to
the one described above, and their T and C configuration
assigned unambiguously from nOe studies, which- were made

poséible by the favourable .methyl substituent at carbon-3.

Monocyqlic azetidinones bearing a proton at carbon-3:

Table 6,.1ists the 13¢C chemical shift values for the
azetidinone ring carbon atoms, together with the sums of the
chemical shift values for carbon-2, carbon-3 "and carbon-4(
calculated in ordeq'to invéstigate a poteﬁtial ferlin—Koch type
relationship. Tablé 7, shows’ the éorresponding lH chemical
shift values. | '"

The carbonyl resonance (carbon-2) proved to be the least
affected by T/C isomerism of all the three ring carbon
resonances, with differences in qhemical shift values betdeen
corresponding T and C isomers of ca. 0.6 ppm; The carbon-2

resonances for T isomers were fcund either downfield or upfield

of the resonances for corresponding C isomers. For both carbon-

\
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Table 6: 13Cnmrchemical shiftsof 3,4~disubstituted azetidinones.

T/C Ry Ry R3 R4 C-2  C-3  C4° Cring.

161 (2R,3R) and (25,38) 162.1 70.35 64.94 297.4

T
162 (2S,3R) and (2R,3S5) C

N3 H _ CH=CHPh  o-BrPh _
‘ 163.0 67.69 62.93 293.7
163 (2R,3R) and (2S,3R) T ‘ 161.8 71.43 53.76 287.0
164 (25,3R) and (2R,35) C R cECPh. OBIER 6.4 67.46 53.46 283.3
165 (2R,3R) and (25,3R) T, ; k 164.4 65.28 59,.46 289.1
166 (2S,3R) and (2R,3S) C NHCOBn B, CHCHER oBrEh ©163.9  63.37 59.35 286.6
167 (2R,3R) and (25,3R) T R ‘ 164.5 64.30 53.73 282.6
168 (2S,3R) and (2R,358) C NHCOBn bH. e ofBrPh~ 165.5 59.22 53.62 278.4
169 (28,3R) T  oH f ;~ ’ - 172.6  69.14 58.12 299.9
170 (2R,3R) c MeCHCHz H  SCPh3 BuSiMeZ .16 64.23 60.68 296.8
171 (25,3R) and (2R,35) T _ 165.0  65.15 63.80 294.0
172 (2s,35) and (2R,3R) C ? Phw " priiecEh 164.1 64.93 62.99 592.0
Y a2 b ’

92
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Table 7: lH nmr chemical shifts of 3,4-éisubstitqted azetidinones.

T/C R Ry . R3 Ry H-3 - H-4 H34+4

161 (2R,3R) and (28,35% T ' ) , 4.86 -4.93 9.79.
N3 H- CH=CHPh.  o0-BrPh

162 (25,3R) and (2R,3S) C 5.33 5.06 10.4
' (28/,3R) Ny H czcph . o-BrPh

164 (25,3R) "and (2R,3S) C : . 5.52  4.90 10.4

165 (2R,3R) and (2S,3R) T i 4.81  4.97 9.78
NHCOBn H CH=CHPh o-BrPh

166 (2S,3R) and (2R,3S) C 5.31 5.45. 10.8

4 . =,
167 (2R,3R) and (2S,3R) T ) 4.99 . 5.23 10.2
NHCOBn H C=CPh _ o-BrPh .
168 (2s,3R) and (2R,3S) C ; . . 5.75 5.48 11.2
169 (2S, 3R) T OH — e Coo.. .. 3.38 4.06 7.45
MeCHCH, H™  SCPhj tBusiMe, -
170 (2R, 3R) C ¢ 3.14 4.32  7.46
171 (2s,3R) and (2R,3S) T 4.26 4.90 9.16
H Ph - Ph p—-MeOPh ,
172 (2s,3S) and (2R,3R) C - ' 4.18 4.83 9.01

» Bt

7
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3 and carbon-4, the T isomer resonances were detected downfield

from their corresponding C isomer resonance, with maximum

" downfield shifts of 5.1 (carbon-3) and 1.0 (carbon-4) ppm. We

noted that carbon-3 resonances invariably displayed larger
downfieldcshifts than carbon-4 resonéncés%and, thus,
subtractingthe chemical shift values for carbon-4 fromthat of
carbon-3 yielded numerical values which were consequently
larger for T isomers than for C isomers, by an average value of
3.2 ppm. Similarly, the sums of the chemical shift values for

carbon-2, carbon-3 and carbon-4 proved to be larger for T

" isomers than for correspohding C isomers, as postulated by a

_presence of two phenyl substituents at carbon-3 and carbon-4

LY

Perlin - Koch type relationship.

Contrary to the pattern observed for the resonance for
carbon-3 and carbon-4 in 13¢ nmr, in the lH nmr spectra both H-
3 and H-4 resonances for T isomers were generally found upfield

of the resonances for corresponding C isomers. Accordingly, the

"sums of the chemical shift values of H-3 and H-4 resonances

were smaller for T than for corresponding C isomers. The

4
(171,172) caused exceptional chemical shift values fgr both the

H-3 and H-4 resonances.

o

Bicyclic azetidinones :
Tables 8 and 9 list the 13C and lH nmr chemical shift
values, respectively of the T and C isomers of penicillanates

173 to 182. The chemical shift values for azetidinone carbon-5

and carbon-6, in general, exhibit the same trend as observed in

the carbon-3 and carbon-4?resonances of monocyclic azetidinones

ir , N
78
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(Table 6) with differences in chemical shift yvalues between the-
T and C isomers being more pronounced aE'carbon-G. The sums of

thg chemical shift values for carbon-5 and carbon-6 were

\

consistently larger for the T isomers than the corresponding C .

isomers of penicillanates 173 to 180. However, the presence of

a sulfoxide group (beta) in the T/C pair of penicillanates 181
and 182, caused exceptional chemical shift values for carbon-5,
resulting in'only a small difference between the sums of the

chemical shift values for the ring carbon resonances for the

T/C pair. A similar trend was found when the sums of all the-

13¢ chemical shift values fo; all the carbon resonances were
considered. On closer examination, it was found that the amide
carbonyl resonance for the Q*isﬁmer (182) was 5 ppm downfield
from the corresponding resonance for the T isomer. A possible
@gplgﬁation~fgr this, may be the shielding cone of the
sulfoiide gfoup (beta) which can influence the amide

substituent in 182 by dipolar, H-bonding _or anisotropic

interaction.

79 : :
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173
174
175
176
- 177
178
179
180
181
182

~

Table 8: 13C nmr chemical shifts of penicillanates.

(5R,68)
(5R,6R)
(5R,6S)
(5R,6R)

(5R,68)

" (5R,6R)

(5R,6S)
(5R,6R)

(5R,65)

(5R,6R)

T/C

T
C
T
C
T
C
T
C
T
c

Rj R

CH,CH2COOMe H

Cﬁzcagcque 'H

CHyCH,CN "H
CHyCH=CHy . H
NHCOCH,0Ph H

R3 X’ c-5"
66.48
CHPhy -~
66.96
66.62
CH -
3 66.27
66.04
CHPhy -
66.35
e
69.73
CHPhy -
66.70
77.96
CHz - ©
76.52
&

C-6

60.74
52.42
60.53
53.16
59.89
52.51
60.62
53.17
64.85
66.46

Ce+5
166.9
167.0
168.4
168.6
166.8
166.8
167.0
167.2
168.2
168.2

Cring °

294.2
286.5
295.5
288.0
292.7
285.6
297.4
287.1
3f;.0
311.3

1940

1931

995.5
985.2 .
'1815

1805

1942
1931
1459
1465
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173

174

175
176
177
178

179

180

181
182

Table 9:

T/c
(5R,6S) T
(5R,6R) C
(SR,%S) T
(5R,6R) C
(5R,6S) T
(SR,QR) C

(5R,6S) T:-
(5R,6R) C.

(5R,65) T /
c

(5R,6R). ~

1

14 nmr chemical

!

.
CH2CH§coqﬁe:
CHZCézoAc
1CHch2éN;;

.CH2CH=¢H2

NHCOCH0Ph

shifts of penicillanates.

L
N Pl

Ra : R3 X ) H=-5

’ 5.07
H . CHPh» - o
) . . 5.47
- , 5.13
-+ H - CHPh, -
. ‘ 5.46
. 5.13
H _.CHPh -
» - - 5-51
. 5.15
H ., CHPhp =~ =
: 5.44
’ ’ - 5008
H . " CHy O h
A% . 503

31.1
31.6
31.2

31.8
27.7
28.2
36.4
36.8
26.3

* 2700

b
FL g R4 M,

f
Ve
.
%k’%
i 4o
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For the 14 chemical shift values (Table 9), on the other
hand, the sums of the chemical Shlft values of 4 3 and H-4

resonances were larger for. the C isomer than for correspond1ng

)

T isomers. ) : -

3,4—Trisubs%ituted azetidinones: o ,

The réplacement of a proton at C-3 by a methyl group (183~
190) reduced the range of chemﬁcal shift values for the C-2
regonance for T and C isomers, with differénces in chemical
shift values between the T and C isomers avqraging 0.1 ppm..The
C~3 resonances for the T isomers of T/C pairs were detected
both upfield or downfield of thg C-3 resonances for the
corresponding C isomers, and no consistent pattern was
observed. C-4 rgsonances-for theVT isomers, howevef, were
without exceptibn located upfield of the corresponding C isomer
resonances,with the average value of the ﬁpfiéld shifg being
2.1 ppm. Interestingly, the sums of the chemical shifts of éhe
C-2, C-3 and C-4 resonances were smaller for the T isoﬁers’than
for the C isomers. In contrast to the strong influence of an

additional substituent at C-3, removal of the N-substituent

(187,188 to 189,190) did not have a similar effect, with the

ring carbon resonances for both the T and the C isomers under-
going chemical shift changes of similar magnitudes, thus
resulting in retention of the general pattern of their chemical

shift values. . ;

-



183
184
185
186
183
184
183

. 184

£9

(2s,38)
(2R, 3S)
(2s,38)
(2R, 3S)
(2s,3R)
(2R, 3R)
(2s,3R)
(2R, 3R)

and

and

and

and

and
and
énd

and

a

~

N

Table 10: 13C nmr chemical shifts of 3,4-trisubstituted azetidinones.

(2R, 3R)
(2S,3R)
(2R;3R)
(25, 3R)
(2R, 35)
(2s,3S)
(2R,3§)

(28,38)

H
~
O

a =1 0 12 60 +\1 0O A9

Ry Ry

N-phthaloyl ' CH3

PhO

Ph CH3
Ph - CHy
A ;

R3

CH=CHPh

CH3 - CH=CPh

_Ph

ph

Ry C-2

163.5
p-MeOPh
163.4
165.1
PaMGORR e -
165.1
168.6
p-MeOPh
168.6
172.4
H
~ 172.5

c-3
70.49
69.61
90.97
89.09
67.06
68.85
64.11

66.64

[l

C-4

65.00
66.47
65.59
68.07

62.62

64.76
63.66

65.4

Cring
299,0
299.4
321.6

©322.3

298.3
302.3
300.1

304.5




M f
Analogously to that observed for the C-4 resonances, the

proton chemical shift values for the T and C isomers were

Greversed in 3,4 trisubstituted azetidinones, and the H-4

resonances (Table 11) for the T isomer was downfield of the H-4
resonances o0f the corresponding C isomer. With similar
consistency, the resonance for the methyl substituent at C-3

’

was detected upfield for the T isomer.
Conclusion

Analysis of the 13c and lH nmr spectra for T/C pairs of
azetidinones showed that both the 13C chemical shift values and

the l1H chemical shift values for azetidinones 161 to 172 and

183 to 190,or penicillanates 173 to 182, differ distinctly for
pairs of T and C isomers. This may provide an addifional
analytical tovl for use in conflgurat1ona1 analysis partlcular-

ly in the case of polysubst1tuted azetldlnoneSu,;
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183
184
185
186

183

184
183
184

(25,3S)
(2R,3S)

(2s,358)

(2R, 3S)
(28, 3R)
(2R, 3R)
(25, 3R)

(2R, 3R)

Table 11: lH nmr chemical shifts of 3,4-trisubstituted azetidinones.
3 -

énd (2R, 3R)
aﬂd (2S,3R)
and (2R,§R)
and (2S,3R)
aﬁa,JiR,3S)
and (2S,3S8)
and (2R, 3S)

and (2Ss,3s)

-

.T/C " R;
T -
N-phthaloyl
<
T
PhO -
C .
T :
Ph
C
T
. Ph
C .
P

'(Rz

CHy

CH3-

- 'CH3

CH3

-

R3

Ll

CH=CHPh

" CH=CPh

N

Ph

Ph

o

Ry

H-4

"J -

p-MeOPh

p—-MeOPh

p-MeOPh _

4.94

4.71

.4.86

4.63
5.21

5.03
4.93

C3—CH7J

Hi+Me

6.85

6.88
6.51
6.35
6.44

6.95
6.09

~
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CONTRIBUTION TO KNOWLEDGE

2.

Free radical addition of\methyl bromoacetate onto a,
B-unsaturated esters 81, 83 and 84 gave exclusively the 1,4
Michael adducts 82, 85 and 86 respectively in high yields.
Analogously, 4-substituted glutarimides 91, 92, and 88
were obtained in good yields using iodoacetamide as the‘
radical precursor. -

Tricyclic carbapenems 116, and 119/120 were obtained by
free radical cyclization of an appropriate monocyclic N=-
substituted &zetidinone. These strained tricyclic
azetidinones were found to be unstable in solution, and_to
exhibit exceptionally high fg-lactam infrared frequency.

Tricyclic carbacephems 125, 127 and 132/133 were
synthesized analogously and found ﬁb‘ be .much more stable.
Hydrogenolysis of 127 gabe the tricyclig phenol
carbacephem 129 which gave an unusually low g-lactam
frequency .resulting from hydrogen bonding, wheras
ozorolysis of ;gg/lgg gave the keto tricyclic carbacephem
135, which was less stable than the above tricyclic
carbacephems, but more stable than the benzo cabapenems.

A stereoselective method for the syntheses of cis- and

trans—6-alkylpenicillanatésNIZ§xand 151 respective—

ly, was developed using a free radical chain reaction.
Similarly, N-substituted monocyclic cis- and trang-3-
alkylazetidinones 153 and 154 respectively, were

synthesized.
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0 " The nmr's'pectra were recorded on a Varian XL-200 or XL-300
spectrometer using TMS as internal standard and chloroform as
the solvent(unléss otherwise specified). The chemical shift
(&) and coupling constant (J) are quoted in ppm and Hertz

respectively, and their assiénments were determined unambigous-

‘ ly by decoupling, nOe or 2D experiments when necessary. The
infrared spectra (ir,vmax) were recorded on a Perkin Elmer 297
and gge valuegwquoted in cmt~1l. Mass spectra (ms) were obtained
on HP 5984A or Dupont 21-482B mass spectrometers, ion source
250° and 70~V electron impact, direct inlet; m/z

(assignment,relative intensity). Melting points were determined

on a Gallenkamp block and are uncorrected. Column

chromatography was performed using Woelm Silica 32 - 63 micron

;0 size,
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Bxpetiménta'l ¢ (Chapter 11I) J

““3-Bromo-2,2-bis(0O-propargyl) butane62
; o,

- -

3-Bromo-2-butanone (1.0 g, 6.6 mmole), propargyl alcohol

(5.6 g, 100 mmol) and trimethylsilyl chloride (2.5 g, 23 mmol)

were stirred overnight at room temperature and then heated to .

. reflux for one hour. Phe mixture was cooled, the solvent‘
removed and the residue azeotropically distilled with toluene
(10 ml) to give 610 fag of product (40 %) after distillation; bp
75-80°C at 12 mm-Hg; lH nmr (CDCl3): 1.49 (s,3H,CH;),
1.69(d,3H,C4-H,J= 5.8), 2.41 (t,2H,C)*-H), 4.15 (dd,1H,C3-H,J=
5.8), 4.18 (m,4H,C3v-H); ms (210°C): 229 (M*; 0.3), 189 (Mt -

C3H30, 6.8), 91 (M* - CcHgO2s 13), 65 (28), 43 (100).

Radical cyclization of 62
Tributyltin hydride (500 mg,2.18 mmol), benzene (2 ml)
., and AIBN (5 mg) were added dropwise over a 5 h period (syringe

pump) to dry benzene (40 ml), ketal 62, ahd AIBN (2 mg) at 80°C

under an inert aémosphere. The mixture was cooled, the solvent

removed and the residue dissolived in acetonitlgile and washed

three times with.hexaneé (30 m1). The solvent was re}noved to

atford the cyclic ketal 63 as an 0il; lH nmr (CDCl3); 1.11
(d,3H,Cp-H,J= 8), 1.48 (s,3H,CH3), 1.85 (dd,1H,Cp-H,J= 8), 2.33
(¢,1H,Cyv~-H,3= 2), 4.17 (4,2H,C2-H,J= 2), 4.23 (m,2H,CH2:~H),
4.88 (m,2H,C=CH>). .

7



3-O(p~-ethoxybegzy1)-1,2:5,6-di-0;isopropylideﬁe-n-
glucofuranose 65

7
t

To a stirred suspension of sodium hydride '(0.8g, 50% ?il
cfispersion,lG mmole) -in 50v ml of dry THF at 109C under an inert.
atmosphere, were added diacetone glucose (2.6g, 10 mmole)
followed by t-:etrabutylammonium iod\idg (0.1 g, 0.3 mmole).
After 15 min, p-—méthoxyb,enzyl chloride/(l.Sﬁ g, 10 mmole) was
added dropwise, and the mixture was then refluxed for one houyr,
cooled to room tempera;ture, and the excess sodium hydride
neutkxalized with g,laci:l acetic acid (1 to 2 (l). The solvent
was removed, the residue dissolved in ether (100 ml), washed
with aqueous sodium bicarbonate (5 %, 50 ml) and and then with
brine (50 ml). The organic extract was dried with MgSOy4 a‘nd the
solvent removed to give én 0oil. The o0il dissolved in a mixture
of ether and hexanes (1 : 9), and’\'ﬁxe solution filt'ered thro‘ughv

celite. The solvent was removed to give 3.7 g of product as a

pale yellow oil (98L‘%); 14 nmr ‘(CDC13): 1.30, 1.36, 1.40 and_

1.48 (s,3H,CH3), 3.79 (s,3H,0CH3), 4.0 - 4.50 (m,5H,C-H,C3-
H/C5 "and Cg-H), 4.57 (d,1H,C4~H,J= .3.8), 4.6 -(s,2H,CH;-Ar),
5.9(d,1H,C1-H'J= 306)' 6.80 - 7.40 (m'4H,Ar"H)c

a

;
3-0(p-methoxybenzyl)-1, 2-O~isopropylidene- D-glucofuranose. 66

Diacetone glucose 65 (0.56 g,1.47 mmole) and acetic acid

\!
(70 8, 3 ml) were heated to 70°C for 45 min: The mixture was

cooled, dissolved in water (20 ml) and extracted twice with

methylene chloride (20 ml). The organic extract was washed wiih

brine (20 ml), dried over MgsD4 and and the solvent removed to

i
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give the diol 18 as an oil (480 mg, 96 %). lH nmr (CDC13)s 1.32
and 1.48 (5,38,CH3), 2.9 - 3.0 (bs,2H,C5-0H and CGOH), 3.83
(s,3H,OCH_;4), 3.75 - 4.10 (n{,3u,c5-n andbcs-u). 4.13 (s,2H,C3-H
and Cj-H), 4.6 (bsp3H,CHz-Ar and Cg-H), 5.90 (d,1H,C)-H,J=
3.8), 6.8 - 7.43 (bs,4H,Ar-H). ) *

4

}-O(p—methomybenzyl)—1,2—0—isopr6py1idene D—giucofuranaldehyde
67 — i .

Sodium periodate (17.4g, 81 mmod) and water (100 ml) were
added to THF (100 ml) and diol gﬁ (7.3 g, 22 mmol) at ambient;
temperature. After 2 h, the precipitate was filtered off,
washed wiéh water (50 ml) and ether (50 ml), and the comb?ned
filtrate concentrated to half volume under reduced pressure.
The product was extracted three times with ether (100 ml), and
the organic extracts washed with brine (100 ml) and then dried
over MgSO4. The solvent was removed to give 5.6 g (8§ $) of
aldehyde 67 ‘as a pale yellow o0il; 14 nmr (CDC13): 1.53 and 1.46
(s,3H,CH3), 3.81 (s,3H.OCH3), 4.3§(d,lﬂ,c3-H,J= 3.7), 4.45
(d,1H,Cy-H,J= 3.8), 4.36 (dd,2H,0CHp-Ar,J= 6.4,16), 4.66
(d,1H,C4-H,J= 3.7), 5.15 (d,l1H,Cc;-H,J= 3.8), 6.8 - 7.26

Tm,4H,Ar-H), 9.20 (2,1H,C5-H,J=1.8). {
?
3-O(p-methoxybenzyl)-1,2-0-isopropyl idene D-furanoic acid 68

-

A suspension of silver{(I)oxide (4.2 g, 18.2 mmol) in
'

* agueous sbdium hydroxide (5 %, 30 ml) were gdded dropwise to

THF (30 ml) and aldehyde 67 (5.6 g, +18.2 mmol) at ambient

w

'temperafure. This exothermic reaction was kept below 30°C.

After an additional 2 h of stirvring, the precipitate was

fltered of f and washed with water (50 ml1) and THF (50 ml). The
: o -~
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combined filtrate was con\centrated to 60 ml under reduced

préssure, and then extracted twice with .ether (50 ml). The
organic extract was discarded, the aqueous fraction ‘acidified

with agqueous hydrﬂochloric acid to a pH of 2.0, and extracted

g

twice with ether (50 ml). The organic extract was washed with

brine (50 ml), dried over MgSO; and the solvent removed to give

an oil which :’crysta’llized onrefrigeration. Recrystallization

using ether/hexanes gave 4.7 g of colorless product (87 %)', mp
96-101 ©¢; 4 nmr (cpcl3): 1.34 and 1.46 (s,3H,CH3), 3.8

(SI3HIOCH3)' ‘4026 (d,lH'C3-H,J= 308)' 4.5 (SJZH,CHZ),

N .
‘(-a‘;].H,C.Z"'H’J= 3-7), 4.8 (d,lH,C4"H,J=_ 3.8)’ 6.02 (d,lH,Cl-H'lJ=
~

3.6)' 6.66 - 7.2 (m,4H'Ar-H), 9-32 (bS,lH,O-H). ms ( 60 ‘OC)K
324 (M*t, 1.0), 279 (M* - COOH, 4.0), 220 (15), 205 (6), 180
(2.5), 153 (19), 152 (84); 138 (64), 135 (86), 121 (84).

3-0(p-methoxybenzyl)-1,2-0—-isopropylidene D-glucofuranoyl,, g

chloride 69 . _ :

Glucofur%oic acid.68 (870 mg, 2,7 mmol) and triethylamine
(2.0 ml) were stirred for several min, and the excess triethyl

The residue was

azeotroped with toluene (10 ml) to give 988 mg
L o
yellow crystals." This salt was then dissolved in methylene

~

cﬁloride (50 m1), cooled to 0°C, and treated with a dropwise

amine removed under reduced pressure.

(100 &) of pale

addition of oxallyl chloride (300 mg, 2.8 mmole) under ‘an inert
atmosphere. The mixture was then warmed to room temperature and
stirred for an additional 30 min. The solvent was removed, th'e_

residie dissolved in ether (30 ml) and the precipitate

(triethylamine hydrochloride) filtered off. The solvent was

91
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then removed to give the furanoyl chloride as a yellow oil; 1H

nmr (CDCl3): 1.33 and 1.45 (s,3H,CH3), 3.78 (s,3H, OCH3), 4.1

~r -

(d,1H C3 H,J= 3.7), 4.38 (d,1H,Cp-H,J= 3. 7), 4.56 (8,28 OCHzo)o

4.58 (4, HiC4(ﬂ,J- 3.7), 6.07 (4, uigl -H,J= 3.6), 6.81 - 7.20.°

(m,4H,Ar-H).

A6-Methyl, 6-Brouo,*5-oxo-3(O-p-nethoxybenzyl) 1 2-0—isopropy11dene

D—glucofuranose 70

Glucofuranoyl chloride 69 (920 mg, 2.68 mmole) was added
dropwise to ethereal dlazomethane (excéss) at 0°C. The
resulting mixture was then refrigerated overnight at -59C., A
stream ’?f nitr?gen was then ;;a§s;‘ed thrdugh the solu't.ion unt'il_’
room tem!perature, in order to.remove the excess diazomethane.
Pyridinium hydrobromlde (8 g, 52 mmol) was added and the
mixture stlrred for 10 h at room temperature. The &xcess salt

was fllfzered off, the solvent- -removed and the residue purified

by column chromatography using ether/hexanes as eluant (1.5 :
- ’ é

8.5) to give the bromo-ketone as an 8:1 mixture. of

d}astereomers. The major isomer was purif;ed by flash
chromatography giving 70 as colorless crystals (291 mg, 27 %) ,
‘mp 72-74 °C; lH nmr (CDCl3): 1.33 and 1.49 (s,3H,CH3), 1.60
(d,3H,C7-H,J= 6.8), 3.80 (s,3H,0CH3), 4.27 (d,1H,C3-H,3= 3. 7).
4.42 (dd,2H,0CHy-Ar,J= "11,14.6), 4.58 (d,1H ,C2-H,J=_3.4), 4. 83
(dd,1H,Cg-H,J= 6.8), 6.07 (d,lH,Cl~H(J= 3.5), 6.84 - 7.15
(m,4H,Ar-H); 13C nmr (Cpcl3): .18.62 (C7), 26.41 and 26.99
(CH3), 41.71 (Cg), 55.26 (OCH3), 72,42 (CHp), 84.13 (cz), 84.20
(c3), 106 24 (cj), 106.1, 112.55, 128.59,°113.9, 129.6 (Ar-C),
159.6 (cs), ms (65°C): 414/416 (M¥-, 0.5), 335 (M*--Br*,
70.7), 277 (31.3), 177 (36.2), 159 (£00)f 149 (26.7), 175

4
4
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(20.6), 121 (100); Exact mass (1059C): calcd.-f\br C1gH23067

335.1494: found; 335.1424 . |

G—Hathyl—G-Bro-o,S-Oxo—l 2-0-isopropyl idene Dﬂ-glucofuranose 71 -

: Methylene chloride (10 ml) , water (0.5 ml), bromo-ketone
70 (250 mg, 0.60 mmol) and'DDQ (200 mg, 0.87 mmol) \jgre sthred
at room temperature o&e_rhight.The solvent was removed, and the

o C

residue dissolved in water (30 ml) and extracted twice'with
\

o

ethyl ether (30 ml). The organic extract was washed with
agueous sodium bicarbonate (5 8, 30 *ml)', brine (36 ml) and
dried over NayS04. The solvent v;as then removed to give 225 mg
of colorless crystals (99 %), mp 107 ©c; 14 nmr (CDC13). 1.34
and 1.51 (s,3H CH3), 1.72 (d..3H cqp-H,J= 6. 8), 2.26 (d 1H, O H),

4.56. (m,2H,C5-H and C3-H), 4. 90(dd,1H,C5-H,J= 6.4,6.8), 4.99

(4, 1H ,C1-H,J= 3.2); ms (40 ©C): 293 (M*'- H, 0.8), 279 (M* -

CHG3, 7.4), 221 (7:2), 219 (%+6), 201 (6.6), 159 (87), 59 (100).

’ G-Hethyl G-Brono,s—(dipropargyl ketal )-1 2-0—1sopropy11dene D-

glucofuranose 73

-

Benzene (2 ml), 2,2-—diprdpargyl propane‘_’/z (120 mg,; 0.79

[}

mmol), bromo-kgtone 71 (46 mg, 0.156 mmol) and acidic resin

.

(c‘atallytic) were stirred overnight at ambient temperature, and

then 2 h at_60~80 ©C. The mixture was co led, the solvent

-

removed and the residue purified by column chromatography o

give 15'mg (25 %) bromo-ketal 73 as a colorless oil; 1!1 nmr

(cbclj), 1.39 and 1.50 (s,3H,CH3)m 1.85 (d,3H,Cj-H,J= 6.8),
2.47 - 2.50 (m,2H ,C30-H), 2.98 '(d,1H,b-H,J='6T25, 4.28 - 4.42
(m,3H,Cg~H,C2~H and c3 H), 4.43 - 4.50 (m,5H,C4-H, clu-n), 5.13:
(d,1By€1-H,J= 3.8); ms (117°C), isobutane (CI): 333/335° (M*

93 ’ - ’
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C3H30, 100/100), 291 (6.7), 289 (17.2), 279 (27.37, 255 (5.8),
237 (8.6);

Radical cyclization of 73

. Tributyltin hydride (14 mg, 0.05 m‘m&ol), benzene (3 ml),
bromo-ketal 73 (15 mg, 0.039 mmoi) and AIBN (catalytic).were
refluxed for 5 h. The mixture was cooled and the solvent
;emoved to give a resmue which was dlssolved in acetonitrile
(10 ml) and washed three times w1t\h hexanes (10 ml). The
so’lvent was removed and the product was purffi‘ed by column
chromatography to give 6. 5 mg (55 %) of cyclic ketal 74 as’a’n
0il; lH nmr (cpCl3): 1.19 (d,3H,C10-H:J— 7.3), ‘1-38 and 1,52
(s,3H,CH3), 1.96 (dd,1H,Cg-H,I= 7.3, 16),'2.39 (t,1H,C31~H,J=

2)' 4024 (m,zﬂ,cl""ﬂ)' 4.24 "" 4.27 (m,SH'CZ'-‘H'C3-H'C4_H and Cg-

H)I 4.93 !mIZchll_H), 5.12 (d’lH,Cl-H'J= 4); ms (150 ’oc)}.

isobutane (CI): 383 (M + H*, 2.1), 323" (2.3), 281 (9;2), 216
(13). J

v

. Methyl 3—0(p—methoxybenle) 1 2—0~'isopropy1 idene D—glucofuranate

a5 -

~

-

Ethereal diazomethane (5 %, 30 ml) was added.to furanoic
acid 68 (100 - 0,31 mmo1) and ether (20 ml) at 09C. After 3
h, the excess diazomethane was decompo;ed with glacial acetic
.acid (until decolorization) and the solvent removed. The
."residue‘ was purified ’oy 'column chromatography to give the
methyl furanoate as anoil (98 mg, 94 ¥); 1H nmr (CDC13)' 1.32
and 1.47 (sf3n,ca3), 3.76 (s,3H COOCH3.) 4.24 (d,14,C3-H,J=
‘3.7),,3.81 (s,3H,0CH3), 435 (dd,2H,0CH0,J="5,17), 4.57
(d,1H,C2-H,J= 3.7), 4.81 (d,1H,C4-H,J= 3.6), 6.08 id,luican;b-

.
- - 93 -
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3.6), 6.85.~ 7.21 (dd,4H,Ar-H); ms (709), isobutane (C.I.): 339

) (M+ + H+, 2-5)' 338 (M+’ 008)' 289 (M+ - COZCH3I 2'9)'1 263

" Thio~ketalization of 75

-~
’ e

(2.0), 121°(100).

. ) '
Methyl glucofuranoate 75 (100 mg, 0.295 mmol), ethyl-

. acetate (5 ml), ethanethi®l (91 mg, 1.5 mmol) and zinc (II) _

» chloride (5 mg) were stirred at -100 C for 15 min. The mixture:

was warmed to room temperature, énd'the solvent removed.
Punification of the residue by column chromatography gave 48 mg

pale yellow
. \ -
0oil; l1H nmr (CDCl3): 1.22 (t,3H,CHg,J= 10), 2.41 (dd,2H,CHgz,J=

(89 %) of Jp-methoxybenzyl 'thioethyl ethér 76 as a

. . \ L 8 PR
10,16), 3.64 (s,2H,Ar-CH2), 3.76 (s,3H,0CH3), 6.8 - 7.26 |
(dd,4H,Ar-H); ms (350C): 182 (M+, 32.9), 153 (M*+ - Et, 1.0), ‘Y

Isl (1.4), 122 (22.9), 121 (100),.91 (6.8). . . B \
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1,2-isopropyl 1dene-3-0-(diph8nyl -tettbutyl silyl)-4-glutaryl- D
glucofuranose 82

. Tributyltin hydride~(1:2 g, 4.15 mmol) and AIBN (2 mg)
were added dropwiée over a 12 h period (syringe pump) to dry

benzene (0.5 ml), unsaturated ester 81 (100 mg, 0.?07 mmol),

'n_\ethyl bromoacetate (635 mg, 4.15 mmol) and AIBN (2 mg) at 80oC

under an inert atmosphere. The mixture was codled, the solvent
removed and the residue dissolved in acetonitrile (30 ml) and

washed three times with hexanes, The solvent was removed to
{

give a mixture of glutarate 82 (30 %) and starting material

{over 60 %). The.mixture was then recycled once using the above
)
conditions to afford 68 mg of glutarate 46 (58 %) and 5 §

starting material after purification by.column chromatography;

l4-nmr (CDC13): 1.07 (s,9H,Me3), 1.26 and 1. 37 (s,6H,Me2)s 2. 37

(d,2H,Cg-H,J= 6.4), 2.70 (ABX,2H,C7-H,J= 3.8,7.2,16), 2.71 -

3.00 (m,1H4,C5-H), 3.63 and 3.65 (s,3H,0Me), 4.08 (dd,1H,C4-H,J=

-,

2.5,10), 4.23 (dd,1H,C3-4,J= 2.5), 4.27 (d,1H,C2-H,J= 3.8),

'5.72 (d,1H,c1-H,J= 3.8), 7.4 - 7.7 (m,10H,Ar-H); ms (1810C);

525 (M* - CyH30, 8.8), 499 (M*. - C4Hg, 100), 441 (12), 381
(17), 339 (18), 253 (13), 213 (12); Exact mass (1050C): calcd.

for CygH31085i (M*: = C4Hg); 499.1788: found; 499.1811 .

- Dimethy1 giutarate 85

Tributyltin hydride (1.9g, 11.5) and AIBN (2 mg) wére added

dropwise over a 5 h period to dry Benzene (5 ml), Amethy} acr-y;lr-

'.ate~(100..mg,1.16 mmol), methyl bromoacetate (1.3 g, 11.5 mmol)

and AIBN (5 mg) at 800C under an inert atmosphere. The mixture

was éooled » the solvent removed and the residue: d"isﬂsol_ved in

acetonitril'e (Soqml) and washed thrge times with hexanes (50

96
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ml). The solvent was then removed and the residue distilled to
give 155mg (77 8) of glutarate 85 as-an oil, bp 96-990C at 15
mm-Hg . "The spectroscq{ic data (1H nmr and ir) were identical to
that previously reportfed79a. .-
Dimethyl 4-methylglutarate 86
. Using the same procedure as described for 85, was obtained
75 % yield of methyl 4-methylglutarate 86 with identical
physical and spectrqscopic data to that previously reported78,
1,2-isopropylidene-3-0-(diphenyl-tertbutylsilyl)~4-
glutatinidyl— D-glucofuranose 88’

Tributyltin hydride (1.2 g, 4.15 mmol) Wwas agded dropwise
over a-12 h period (syringe pump) to Txnsaturatedvester 81 (100
‘mg, 0.207 mmol) and iodoacetamide (890 mg, 4.15 mmol) at 4006
un;ler an ihert atmosphere with irradiation using a tungsten
iamp. The -mixture was cooled, the solvent removed and t;he
residue dissolvgd in acetonitrile (30 ml) and washed three

times with hexanes. The solvent was remaved to give a mixture

of glutafimide 87 , amido.ester 8_@ and starting material. The

. .

then heated at 1200C for 3 h to afford 70 mg.of glutarimide 88

(67 8) and 10 % starting material aftér purification by column
chromatography; ir (KBr): 1710 (cCO), 3250 (N-H); 1H nmr
(CDCl3): 1,06 (s,9H, t'-buty"l), 1.11 and 1.37 (s,3H,Me3), 2.18 -
3. 00 (m 5H,Cs-H, Cs-H and C7-H), 3.7% (cid,lH,C4-H,J= 2.4,8.7),

i
~—4.19 (d,1H,C3-§,J= 2.4), 4.35 (d,1H,C2-H,J= 3.7), 5.80

(d,1H,C1-H,J= 3.7), 7.37 - 7.80 .(m,10H,Ar~H), 7.95 (bs,1H,N-H);

?
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mixture was then recycled once using the above conditions and
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ms (2640C); 452 (M* - C4ng, 100), 453 (32.7), 454 (9.8), 394
(8), 353 (14), 322 (9), 274 (14), 199 (32); Exact mass (180°C):

calcd. for Co4aH2606NSi (M* - C4Hg); 452.1529: found; 452.1489 .

Glutarimide 91 and 4-,methy191utatimi&e 92
Using- the same pro;:edure’as described for the preparation
of glutarate 85 and uéing iodoacetamide instead o6f methyl
bromoacetate, gave after heating to 1200C of “the crude mixture
for three hours and purification by column chromatography, 87,6 %
of glutarimad? 91 and 85 % of 4-methylglutarimide 92. Poth
1 \

physical and spectroscopic data were identical with “that

previously reported79b,80,

Hydroxy-unsaturated ester 94

Iodoacetamide (300 mg,l.-62 mmol) and thei benzyl ether 93

(50 mg, 0.16 mmol) were heated at 800C fo\r 3 h. The mixture was

'~- cooled, dissolved in water (30 ml) and the p)gduct extractedy
with ethylacetate (30 ml), The solvent wasf removed and the
residue purified by ‘column chromatography to give 25 mg (71 &)

- of alcohol 94 ;s colorless crystats, mp 104 oC; ly nznr'(CDC13)=
" 2.28 (d,1H,0-H, J= 10.5), 3.60 (d,1H,Cc-g,J= 10.5), 3.74
(s,3H,)Me), 4.21 (d,1H,C¢-H,J= 5), 4.35 (dd,1H,c9-Ha,J= 7.5),
5:19 (d,1H,Cg-Hb,J="7.5), 5.30 (m,2H,Cg~-H), 5.92 (m,1H,C7-H),
6.13 (ddflﬂ ,C2-H,J= 2,16), 6.88 (dd,1H,c1-H,J=4, 16); ms

\V“\\\(Sooc) 214 (M+, 2.4), 183 (M+ - CH30, 17.6), 129 (31.9), 128
/)(36 2), 28 (100). ' -l L -
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2-Ethylsuccinimide 96

o Tributyltin hydride (510 mg, l1.75 mmol) and AIBN (2 mg)

5,

A\ -
were added dropwise over a 5 h period to N-bromoacetyl

. ‘800C under an inert atmosphere: The solution was cooled, the
. ‘ R solvent removed and the 'residue dissolved in acetonitrile (30)
and washed three times with hexanés (30 ml). The solvent was
removed and the and ;the residue purified by column
chromgtograbliy to afford 121 mg of z:ethylsuccinimide (65 %) as
colorless crystals, mp 76-770C; Litt.80 m;; 700C; ms(900C): 127
(M+, 15), 99 (M+ - CO, 46), 84 (M+ _ (,HO, i3), 69 (32), 56

sm— 3

(100), 41 (71).

' ' 99.

crotonamide72 95 (300 mg, 1.46 mmol) and dry benzene (40 ml) at

K



Experimental : (Chapter 3)

The cis-azetidinones 110 and 111 were prepared by a

procedure as described for 11283, 113 and 11484. The spectro-

scopic data for the azido—-azetidinones 105 and 106, asiwell as

the trans-azetidinones for 110 and 1ll1 are given' in chap_tgr 5.
' »

Q

Bromo azetidinone 110
Prepared in 78 % yield from its corresponding azfd;; mp

138-139 oC; ir (KBr): 3300 (NH), 1771 (azetidinone), 1654

(amide); lH nmr (CDClj): 3,51_(s,2H,CH2), 5.31 (dd,lH,C3-H,J=
5.3,8), 5.45 (dd,1H,C4-H,J= 5.4,8), 5.9 (dd,1H,cs—H,J= 8,16),
6.15 (d,14,N-H,J= 8), 6.52 (d,lH,CG-;I,J= 16), 7.03 - 7451 ({1‘,14
H,Ar-H); 13c nmr (cDCl13): 43.4 (CH2), 59.9 (C3), 63.4 (C4):

—

117-136 (C5 cg and Ar-C); 165.7 (C2), 171.4 {amide carbonyl);
ms (150 ©): 460/462 (M*,0.6), 284 (M* - C;gH9NO2,32), 263 (M* -
C18H17NO,38.8), 197 (40.7), 171 (72.6), 145 (67.6), 91 (100).

-

Free radical cyclization of 11

. Tributyltin hydride (170mg, 0.55 mmol), AIBN (cat) and dry
benzene (3ml) were added to azetidinone 110 (213mg, 0.46 mniol)
and dry benzene (20 ml) —-at reflux temperature during 20 h
(syringe pump) under nan inert atmosphere. The mixture was
cooled to rc:om temperature and the solvent removed. The
residual yellow oil was dissolved in acetonitrile (30 ml),
washed with hexanes (3 X 30 ml) and the solvent removed. HPLC
using isopropanol/hexanes (1:5) as eluent gave starting

1

material and the following products:

" 100 .
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Reduction product 115 (15 $); ir (KBr): 1765 (azetldlnone),

1657 (amde); 14 nmr (CDC13): 3.56 (s,2H,CH2), 4.95 (dd,lH,Cq-
H,J= 5,8), 5.53 (dd,1H,C3-4,J3= 5,8), 5.98 (dd,1H,C5-H,J= 8,16),
6.61 (d,1H,Ce-H,d= 16), 7.01 - 7.44 (m,l16H,N-H and Ar-H).

Tricyclic ben:;.o carbapenem 116 (5 %); n;—;-)—’121 oC: ir (KB-r)‘: 3305

(NH), 1805 (azetidinofe), 1664 (amide); lH nmr (cDCl3): 2.95

. 3
(dd,1H,C4-4b,J= 13.8,18), 3.18 (dd,1H,Cg-Ha,J= 6.2,13.8), 3.34-
3.45 (m,1H,Cs-H), 3.45 (dd,2H,CH2,J= 4,16), 4.32 (dd,1H,C4"H,J=
5"8)' 5‘39 (dd’lHIC3_H’J= 5'8)' 5.33 (d'].['llN"H,lJz"= 8)' 7005-7032

(ni,l4H,Ar-H); ms (260 OC): 382 (M*+,100), 337 (M* -~ 45,56), 247
(M+':‘BHCQN52,96), 207 (M*- - Cy{gH9NO3,53,1). Exact mass :
calcd. for C25H22N202; 382.1681; found: 382.1734. Azepinone 117

(35 %); ir (KBr): 3290, (NH), 1680 (lactam), 1657 (amide); 1lH

nmr (CDC13). 3.63 (s,2H, CH2CO), 4.31 (dd4, ZH CH2Aer 3,5),4.56

(dIHC4HJ-52),568 (dd,1H,C3~-H,J= 5,6), 6.78 (d, 1HNHJ=.

6), 6. 93 - 8,0 (m,15H,Ar-H); ms (111°C): 382 (M*,0.23), 291 (m*

y

- Bh,0.3), 207 (M* - CygH9NO2,31.3), 206 (24.4), 130 (100) .

Repeatlng the above cyclization, except addlng 1.5 eq of

trlbutyltln hydride over a 3 h. period, gave after evaporatlon.

of the solvent and trituration of the corresponding re51due
with cafbon tetrachloride, a precipitate. The crystals were
"filtered off and washed with hexanes to give 116 (24%) as
colorless ¢rystals with identical spectroscopic data as before.
Bromo azetidinone 111
\ ———
Prepared_in 71 % yield from its corresponding azide; mp

151-152 OC as colorless crystals; ir (KBr): 2280 (C=C): 1741

“‘r‘ . 101
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(azetidinone), 1647 (amide); lH nmr (CDCl3): 3.65 (s,2H,CHy),
5;18 (d,1H,Cq-H,J= 5.4),°5.75 (dd,1H,C3-H,J= 5.4,9), 6.78
(d};H,N-H,&= 9), 7.11 - 7.6 (m,l4H,Ar-H); . 13c Jﬁr'(coc13)=
43.46~(932),’53.62 (Cq4), 59.22 (C3), 81.34 (Cs); 90.07 (Cg).
118 - 133 (18¢,Ar-C), 165.5 (Cy), 171.22 (amide carbonyl); ms
(195°C): 458/460 (M*,5.7), 283/284 (M* - C)gHgNOp,20.8), 175
(M* --283, 5.7).

—

Free radical cyclization of lllu

Tributyltin hydride (150 mg, 0.5 mmol), AIBN (cat) and dry
benzene (1 ml) were added to azetidinone 111 (193 mg, 0.42
mmol) énd dry benzene (20 ml)at reflux temperature during 5 h
(syringe pu£§) under an inert atmosphere. The mix;ure‘was
cooled to room temﬁerature and the solvent removed. The residue
was dissolved in‘acetonitrile (30 ml), washed with~hexanes (3 X
30 ml) and the solvent removed! Trituration of the residue with
carbon tetrachloride/acetonitrile gave the ¢tricyclic
azetidinone 119 and 120 as yellow precipitate (4:3 ratio

respectively, 31%), mp 140 - 145 ©C . From the filtrate was

isolated starting material (5%), reduction product 118 (11 §),

and the azepinoné 121 (27%) after separation by column chrOQE:

tography using ethyl acetate/hexanes as eluent (1l:1). '

Tricyclic azetidinone 1139; 14 nmr (CDC13): 3.60 (dd,lh,ghz.J-
2.5,17), 5.79 (dd,14,C3-H,J= 5.9,9.2), 6.00 (d,lH,N-H,J= 9.2),
6.32u(d,1H,C5~H,J=2.5), 7.07-7.54 (m,14H,Ar-H); 13C$‘NMR
(CDC1l3): 43.42 (CHp), 58.34 (C4), 62.13 (C3, 126.01 (Cg), 122 -
144" (Ar-C and Cs); 171,00 (Cy), 175.87 (amide carbonyi).

Tricyclic azetidinone 120; 14 nmr (CDCl3): 3.06 (dd,2H,CH2,J=

@
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17,34), 5.51 (dd,1H,C4-H,J= 3.3,6), 5.66 (d,1H,N-H,J= 10), 6.10

' (dd,lﬂ(t3"H,J= 6'10)' 6c99 (dle'CS-HIJ= 3'3)1 7"07 - 7054

(m, 14H,Ar-H); 13c nmr (CDCl3): 42.79 (CH2), 58.02 (C4); 61.86
(C3), 123.42 (Cg), 122 - 144 (Ar-C and Cs),, 170.32 (C2), F¥?#5.77
(amide carbonyl); ir of 119 and 120 (KBr): 3290 - 3310 (NH),
1824 (azetidinone), 1640-1647 (amide).

Reduction product 118; ir (KBr): 3300 (NH), 1745 (azetidinone),
1649 (amide); lu nmr (cDC1l3): 3.65 (s,ZH,Cﬁz),\5.03‘(d,1H,C4~‘
’,J= 5), 5.72 (dd,14, C3-H,J= 5,8), 6.26 (d,1H,N-H,J= 8), 7.05-

7.59 (m,15H,Ar-H); ms (111°9C) chemical ionization, isobutane:
381 (M*+H*, 22.1), 363 (M* - BnCO,15.8), 353 (381 - CO,10.1),
206 (Mt - clougnoz,loO)[ 176 (Mt - 206,65.7). ‘

Azepinone 121; lH nmr (CDCly): 4.19 (s,2H,CHC0), 6.86 - 7.50

(m,1IH,Ar-H and C=CH), 8.85 (bs,1H,NH).

- -

Silyl azetidinone 112

Prepared in 49 % yie¢ld from its corresponding azide; mp

.123 - 1249C (colorless crystals); ir (KBr): 3210 (NH), 1768

(azetidinone), 1645 (amide); lH nmr (CDClj): 0.048 and 0.056

(s,GH,SiMeé), 0.907 (s,9H,t-butyl), 3.67 (s,zn,cﬁ5%b), 5.18
(2,14,C4-H,J= 8), 5.7 (s,2H,CH30), 5.71 -(dd,1H,C3-H,J= 5,10),
6.3 (d,1H,N-H,J= 10), 7.1 = 7.5 (m,14H,Ar-H); ms (1750C): 524,
(M*,0.1)m 467 (M* - t-butyl,l.9), 349 (M+'-lcloﬂgN02,l.7), 292

(26-1). °

Bromo azetidinone 122
Tetrabutylammonium fluoridé (4.69 g, 17 mmol). and THF (5
ml) were added to azetidinone 112 (5.0 g, 9.5 mmol) and 150 ml

of dry THF at 0°C under a nitrogen‘atmospﬂere. After 30

103 o o

-~
»
“—n



A}

minutes, water (2 ml). was added and the solvent removed. The
residue was then purified by flash chromatography using ‘ethyl-
acetate/hexanes (l:1) as eluent to give the alcohol as color-

less crystals (7é%); mp 174-175°C; ir (KBr) Vmax! 1756

(az%tidinon%), 1660 (amide); lH nmr (DMSOdG); 3.34

(s,2H,CHCO), 4.52 - 4.56 (bs,1H,0-H), 4.53 (s,2H,CH~0), 4.82
(dd,1H4,C4y-H,J= 5,86), 5.25 (dd,1H,CH3-H,J= 5,8), 6.05
(dd,1H,C5-H,J= 8,16), 6.40 (d,IH,Cg-H,J= 16), 6.8 - 7.28
(m,19H,Ar-H), 8.26 (d,l1H,N-H,J= 8); ms (2300C): 410 (M* -
2H*,2.6), 333 (410 - Ph,3.3), 320 (M* - Bn - 'H%,50.1)¢ ’

ﬁ To the above alcohol (700 mg,l.7 mmol) and dry me%hylene
chloride (100 ml) at 0°C under a nitrogen atmosphere were added
carbon %etrabromide (560 mg) followed by a slow addition of
triphenylphosphine (430:mg,1.97 mmol). After 3 h of stirring,

the solution was allowed to warm up to room temperature, and
- N b Y

purified by column chromatography using ethyl acetate/hexanes

(1:3) to §ive Ehe azetidinone 122 as colorless crystals (62.5%)°

\J

after recrystalization from ethylacetate/hexanes; mp 123 -
1240C ; ir (kBr):'}310 (NH),' 1744 (azetidinone). 1644 (amide);
14 nmrf (cDC1l3): 3.60 (s,2H,CH2-0), 4.72 (dd,2H,CHzBr,J=

10.4,22), 5.02 (dd,1H,C4-H,J= 5,8.2), 5.55 (dd,lH,C3~H,J= 5,8),

6.08 (dﬁ,iﬂ,cs-H,J= 8.2,16), 6.38 jd,lH,N-H,J= 8), 6.64

474/476 (M+,4/3.9), 395 (M*. - Br-,33), 394 (Mt - ﬁBr,lOO), 317
(M+ - Ph'~ .HBr,70.5), 275 £M+ - HBr - BnCO, 43 7, 2&9 (M+- -

C1059N02 - BrnéS), 263 (M+ - c18H17NO 17).

e
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‘ Bromo azetidinone 123 ‘

.

Prepared as described for, 122, The alcohol was obtained in

.69'% yield ffom 113 as colorless crystals, mp 1630C; lH nmr

'S

(CDC13): 3.50 (s,2H,CH2CO), 4.12 (dd,1H,0-H,J= 4,8), 4.64 and
4.82 (dd,2H,CH2-0,J= 8,12 apd 4,12), 5.08 (&,1H,PhCHpAr), 5.13
fddIIH'C4-a,J= ‘5,8')_,_5.24 (dd,1H,Cc3-H,J= 5,8), 6.07 (dd,]H,Cs-
H,J= 8,16), 6.40 (d,1H,Cg-H,J= 16), 6.80 (d,1H,N-H,J= 8), 6.9 -

7.39 (m,13H,Ar-H); ms (200°C): 518 (M*,0.1), 343 (M*+ -

\

C10H9NO2,0.9), 263 (M;'- C15H]3NO3,42.7), 175 (M*'-éNC4gL0).

Azetfdinone 123 wés obtained as colorless crystéls‘in 81 %
yield f;omlthe above alcohol; mp 145 - 146°; ir (fBr): 3270
(NH), 1758 (azetidirnone), 1656 (amide); 14 nmr (CDC13): 3.56

(s,2H,CH2CO), 4.66 (dd,2H,CHpBr,J= 10,10.1), 5.05
(S'zﬂrPhCHzAr),‘ 5.12 (dd,lH,C4-H,J= 5,8), 5.41 (dd,1H,C3~H,J=
5.8), 5.96 (bd,1H,N-H,J= 8), 6.09 (dd,1H,C5-H,J= 8,16), 6.42
(d,1H,Cg~H,J= 16), 6.88 - 7.39 (m;18H,Ar-H); ms‘(285°é)=
580/582 (M*,0.8/0.7), 501 (M*. - Br,38.4), 500 (M* - HBr,100),
'423 (M* - HBr - PH,30), 381 (M+ - HBr - BnCON,19.9). "

|
|

|

|
Bromo azqtidinone 129 —

.

Starting from silyl azetidinone 114, the alcohgl was ob-

*

tained in 51 % yield as colorless crystals using 20% trifluoro-

Q

acetic acid as described in reference 83 ~mp 184-1850C; ir
(28:): 3305 (NH); 1768 (azetidinone), 1650 (amide):; lH nmr
(DMSOds)‘: 3.29 (s,1H;0-H), 3.6l (s,'zﬂ,CHZEO), '4.69,“(s,2ﬂ,cag-‘
0), 5{53 (d,1H,C4~H,J= 5), 5.50 (éd,lH,C3—H,J= 5,8, 7.08 -
7.46 (m,15H,Ar-H and N-H); ms (2089C) chemical ionization,

isobutane: 411 (M* + 1,19.4), 319 (M* + 1 - CjoHgNOZ79-1).

105 !
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Exact mass (2089): calcd. for CygH2N203: 410.1629; found:
, 4 N

410.1685 . ‘
Azgtidinone‘lgg was obtained in 63 % yield from the above
;lcohbl as colorless cryétals;vmp 135-1369; ir (KBr): 3?90
(NH), 1755 (azetidinone), 1666 (amide); lH nmr (CDClj3): 3.69
(é,zu,CHZEO), 4.64 (dg;ZH,éﬂzBr,J=‘10,18), 5.21 (dS1H,Cq-H,J=

5), 5.75 (dd,1H,C3-4,3= $,8), 6.30 (d,1H,N-H,J= 8), 7.05 - 7.5l
(m,14H,Ar-H); ms (1950): 472/474 (M¥,0.3), 343 (M*- - Br-,1.8), ~'

- \

392 "(M*- - Bn,1.8), 392 (M* - HBr,5.8), 218 (M*+ - Br. =.

C10H9NO2,56.8), 217 (41.2), 175 (28.2). ) \

-%

Radical cyclization of 122. " . ”

-TributYItgin hydride (442 mg, l.sziﬁmol), AIBN (cat.) and
benzene (5 ml) were added to %zetidinone 122 (600 mg, 1.27
mmo1l) anq dry /benzene (55 mi) at-reflux tempera;ure.during 10 h
under an inert atQOSpthe; The mixture was cooled to room
temperature and the precipitate fi;tgred ofg and washed with
hexanes to give éﬁe:azeﬁidinone 125 (340 mé, 68%) as colgrléss
cf§§tays. From the filérate, after the usual work-up and column
chrdmaﬁography, wés recovered the reduction product 124 (12 %)
using ethylacetate/hexanes as eluent. . ' \
Benzo carbacephem 125; mp 256°C; ir (KBr): 3230 (NH), 17550
(azetidinone), 1@%2'(amfdé); iH nmr (Pyridine;ds,GOOC): 1.95
(m,1H,C5), 2.19 (dd,1H,Ce-Hc,J= 10,13), 2.32 (dd,1H,C7Ha,J=

15,13), 2.59 (dd,1H,Cy-Hb,J= 4,15), 2.97 (dd,1H,Ce~Hd,J=.4,13),

o

x

o

3.74 (dd,1H,C4-H,J= 5,10), 3.82 (s,2H,CH2C0), 5.96 (dd,lH,C3~
H,J= 5;9), 6:99 - 7.63 (m,14H,Ar-H),.9.91 (d,1H,N-H,J= 9); 13cC

-

nmr (dmso-dg): . 30.45 (C7), 32.32 (Cs) 36.85 (Cg)s 42.11
N 2 ' )

.- X ~
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(CHzph), 56.77 (C4), 58.56 (C3), 117 - 138.3 (Ar-C), 165.68

(Cz)s 170.57 (amide carbonyl); ms (2259C): 396 (M*,2.2), 305
; i

(M+' - Bn,2.1), 277 '(M+' - BnCO,G.G), 222 ‘(M+ + l -

C10HgNO2,35.7), 175 (1.9), 77 (100). Exact mass 2 calcd. for

o]

" C2gH2402N2.: 396.1837 ; found: 396.1830 . >
 Reduction product ‘1_2_1; ir (KBr): 3305 (NH), 1740 (/?azet‘idinone),
1675 ({:\midegf\lﬂ nmr (CDC'13),' 2.32 (5133,(;“3), 3.50
(s,2H,CH2C0), 4.92 (dd,l1H,C4-H,J= 5,8), 5.56 (dd,lH,C3-H,J=
5,8), 6.15 (dd,1H,C5-4,3= 8,16), 6.56 (d,1H,C5~H,J= 16), 6.92 =
7.57 (m,15H,Ar-H and N-H); ms (100°C); 396 (M+,3.2), 895 (5.7),
305 (M+ - Bn,1.8), 277 (M*' - BnCO,6.0), 221 (M* - Cj;oHgNO2,33),
222 (100). = ‘
- Radical cyclization/of 123 . ‘

f

/ Tributy]:tin hydride (72 mg, —O.és'l mmol), AIBN (cat) énd
benzene (1.5 ml) were addéd,'t:o azetidinone 1_2_3_3_ and, c'iry‘ benzene
(10 m1) at 'reflux temperature during 5 h (syringe pum‘p)'under
an inert atm;sphere. After a further 3 h at the same tempe'ra-.
ture, the reaction mixtu‘re was cooled r:o room temperature -

b “ .
whereby a/ white precipitate formed. The precipitate was

filtered off and washed with hexanes to give azetidinone _1_21

(39 mg, 70%) as colorless crystals. The. solvent was remox;ed-to

gi-';re an oily residue which after the us.ual -w‘ork ;Jp and

‘ fpurificat.ion by ¢olumn chromatography (ethylacetatée/hexanes
1:1) gévé the reduction p'x:oduct 126 (12 8). = -

Tricyclic benzZo carbacephem 127; mp 273'-|274C—>C;_ ir (KBr):

3282 (NH), 1770 (azetidinone), 1655 (amide}; 1H nmr '(Pyridine— .'

'd5): 2.25 - 2.4 (m,3H,C5<H C7-Ha and Cg-HC), 2.63.(dd,1H,C7-
Hg,J= 1.2,14), 2.98 (dd,1H,Ce~Hd,J= 1.2,10), 3.69 (dd,2H,C4-
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H,J= 5,10.2), 3.81 (s,2H,CHyC0), 5.17 (dd,zﬂ,cuz;o,a-'lz,zz).
5,97'§d¢,15,c3-u,a= 5,9), 6.84 - 7.7 (m,14H,Ar-H), '9.97
Ad,1H;N=-H,J= 9); ‘ms (2730é) 502 (M+,0.96), 411 (M+ - Bn,4.5),
383 (M+ -anCO 1.69, 328 (M+ +1 - éloﬂgNOZ,IOO), 148 (M+: =
328,0. SL'Exact mass (2700). calcd. for M* - Bn, C2582303N2:
411.171; fognd;‘411.171:

Reduction éroduct 126; irvka;); 3278 (NH), 1748 (azetidinone),
1650 tamided); 1y nmf (CﬁC13):_2.33 (s;3é,cﬁ3): 3.50
(s,2H,CHyc0), 4.95 (dd,1H,CH4-H;J= 5,8),.5.06 (dd,zu,phcﬁz-d;as
12,16), 5.38 (dd,1H,C3-H,J= 5,8), 5.95 (dd,1H,C5-H,J= 8,16),
6.17 (d,1H,N-H,J="8), 6.44 (d,ln,cﬁ-a,J= 16), 6.75 } 7.39
(m,isp,Ar-H); ms (2820C): 502 (M*+,2.7),,411 (M*" - Bn,4.5), 327

~

(M*'- CjoHgNO2,21.3), 328°(41.9), 237 (17.1) .

< P . ' ’ y

" Phenol carbacephem 128 . o ‘ -

Azetidinone 127 (25 mg), ethanol (5 ml) and dlmethylforma- \
mlde (2.5 ml) were hydrogenated WIth palladium on charboal (2.5

mg, 10%) until 2.5 ml of hydrogen had been absorbed. The mix-

'ture was filtered and -the solvent Temoved{ Recrystallization

Ifrom hot ethyl acetate and precipitation with hexanes gave

S

g&antitati&e yield‘of azetidinoné 128 as colorless crystals; mp

282 - 2830C ; ir (KBr)s 3420 (b, ou); 3280 (NH), 1715 (azetidi-

I'd

none), 1658 (amide); lH nmr’(Pyr1d1ne -dg): 2. 35 - 2.47

Am,3H,C5-4 Cg-Hc and C7-Ha), 2.71 (d,1H,C7-Hb,J= 12), 3.01
(d,1H,Cg-Hd,J= 10), 3.78 (dd 1H,C4~H/I= 549.2), 3.85

(S:ZH CHac0), 5. 02 (bs,1H, ou), '5.95 (dd, 14,C3-H,J= 5, 9), 6.87 -
7. 49 (m,14H,Ar-H), 9.98 (d,lH,N H,J= 9); ms (2200C): 412
(H"",Z.9), 29~3 (M+"' BnCO,S.S),ﬁ 237 (M+. - l,Clol-lgnoz,"].5.5*--)', 23‘8
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(100). Exact mass (2600C): calcd. for CogH2403N2: 412.1786 ;

folind: 412.1835 . A * C

Lactam lgg

Using the procedu;e as described for 122, the lactam 130
qu>ob§ained in 70% yield qsﬂCOlorlesg crys;alg, mp 177 -
1780C; IR (KBr): 3415 (b,N-H), 1739 (COy), 1553'(amidej,tlﬂ
nmr: 3.65 (s,ZH,CHsz)', 4.05 (d,1H,N-H,J =7.5), 4.68 (dd,iH,Ce“
H,J= 3,7.5), 5.45 (&d,lH;C7-H,J= 3,7.4), 5.06 (d,1H,C4-Ha,J=
13,),. 5.58 (d,1H,c4-Hb,J= 13), 6.97 (d,1H,N-H,J= 7.4), 7.02 -
7.40‘ (in,14H,Ar-H\): 13c nmr' (CDCl3): 43.61 (C13), 53.03 (CB);

58.25 (C7), 68.15 (C4),-83.50 (Cg), 88.54 (C1g)s 121.7 = 145.2
(Ar-C), 170.48 (COy), 170.59 (amide carbonyl); Exact mass

(1950¢): ca]_gd, for c2632203[\]'2; 410.1629: found;
410.1685.

-

L !

Free radical cyclization of 129

v

Tributyltin hydride (125 mg, 0.42 mmol), AIBN. (catf and

5 . ‘ \ )
ben{gne (2 ml) were added to azetidinone 129 (170 mg, 0.36

mmol) and dry benzene (18 ml) at refluX temperature during 12 h

- (syringe pump) under-an inert htmosphere.'The mixture was

cooled to room temperatyre and the solvenF removed. The residue’
was dissolved in acetonitrile (30 ml), washed with hexanes (3 X
30 mls and the solvent removed. Column chromatography using
‘etﬁxlacétate)hexapes_as eluent gave the following'products:
HTricyclic‘azetidfnone 132 (37%); E-isomer;-mp 1890C (colorless
~“crys;tals); ir (KBr): 3305 (NH), 1748 (azetidinone), L1690
(amide); 1lH nmr (CDClz): 3.30 (dd,éﬂ,c7-u,a= 16,30), 3.47
'

§ . - ]_.09
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(s,2H,CHaco), 4.78 (d4,1H,C4-H,J= 5), 5.77 (d,1H,N-H,JI= 8), 5.78
~ (dd'lH'CB_H'Jg’ 5'8)' 6.60 (s,lH,,CG-H?' 6096 - 7041 (m,l‘H'Ar-
{ M

H); ms (2700C): 394 (M+,0.7), 276 (M*+ - BnCO,0.6), 260 (M* -

BnCONH,0.93), 221 (M* - CpoHgNO2,18.2), 220 (100). Exact mass

(2700C): calcd. for CygH2¢02N2: 394.1681; found: 394.1695.

Tricyclic azetidinone 133 (38%): Z-isomer, mp 1960C; ir

(KBr): 3260 NH); 1753 (azetidinone), 1655 (amide); lH nmr

(cbCl3): 3.60 (s,2H,CH2CO), 3.63 (dd, 24,c7-H,J= 19,28), 4-6?

(d,1H,C4-H,J= 5), 5.64 (dd,1H,C3-H,J= 5,8), 6.04 (d,l1H,N-H,J=
8), 6.29 (s,1H,Cg~H), 7.06 - 7.44 (m,14H,Ar-H); ms (269°C): 394

(1.6), 260 (11), 275 (0.9), 221 (21.7), 220 (100), 219 (19.6).
+Exatt mass : calcd. 394.1681; found: 394.{710. ’ .

™,

Tricyclic Benzo carbacephem 134 : v
. A mixture of azetidinones 132 (10 mg) an& 133 (10 mg),
ethyl acetate (5 ml) and ethanol (3 ml) was. added platinum

&
black (3 mg). The mixture was stirred at room temperature under

‘a hydrogen atmosphere, overnight. The mixture was filtered off

and the solvent removed. The residue was purified by flash
chromégégraphy‘using ethylacetate/hexanes as eluent to givg,
after recrystalization from chioroform/carbon tetrachloride,
the tricyclic ééi}idinone 134 as colorless crystalsaézsrt); mp

2370C; ir (KBr): 3305 (NH), 1768 (azetidinone), 1641 (amide);

" lH nmr (cDC13): 1.91 - 2.04 and 2.36 - 2.65 (m,5H,C5-H Cg~H and

€7-#), 3.65 (dd,2H,CH2C0,J= 2.5,6), 4.25 (dd,lH,C4-H;J= 3,5),
5.41 (dd,1H,c3-H,J= 5,6), 6.0l (d,1H,N-H,J= 6), 6.7 - 7.5
(m,14H,Ar-H); ms (2200C): 396 (M+,2.1), 305 (M*+ - Bn,4.7), 277

(M+: - BnCO,23.1), 262 (M* - BnCcONHs20), 222 (M* + H -
. L 4

~

\
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.« 146 (M* 4+ 1 - C1QH9NO2,100),

CioH9N02,a14.2), 175 (14.4). Exact mass ': calcd. for C2gH2402N2:
396.1837; found: 396.1758 .

= -

Tricyclic keto-azetidinone 135
A mixture of azetidinones 132 (10 mg) and 133 (10 mg),

methanol (2 ml) and dichloromethane (2.ml) at -780C was ozo-

. nized for 5 min. The light blue solution was stirred for 15

mi’nhtes’, and a stream of nitrogen was passed through the solu-

tion for 15 minutes. Dimethylsulfide (excess) was added and the '

mixture left overnight at room temperature. The éol‘vents were
removed and tl"l(; ;esidur: purified by column chromatography using
ethylacetate/hexanes (1:1)‘- to give the Ketone 135 as a yellow
oil (75 % yield); ir (neat): 3160 (NH), 1793 (azetidinone),
1.7."221 (ketone), 1647 (amide); 1H nmr (CDCl3): 3.55 (dd,1H,Cé~
Ha,J= 1.8,22), 3.56 (s,2H,CHc0), 4.06 (d,1H,Cg-Hb,J= 22), 4.06
(dd,1H,C4-H,J= 1.8,5.7), 4.74 (dd,1H,c3-H,J= 5.7,7.2), 6.05
(d,1H,N-H,J= 7.2), 7.17 = 7.39 (m,9H,Ar-H); ms (1489C) chemical
ionization, isobutane: 321 (M* + 1,48.4), 320 (M*,2.7), 319

(14.7), 304 (321 - 17,38.8), 303 (321 - 18,48.3), 176 (14.6),
Pl T
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Experimental : (Chapter 1IV)
\ -

Benzhydryl 6,6-Dibromopenicillanate 145

‘ Diphenyldiazomethane (1.5 g, 7.7 mmol) and ethyl acetate
(50 ml) were added—dropwise to a mixture of 6,6~
dibromopenicill;nic acid (2.7 g, 7.6 mmol) and ethjl acetate
(50 ml1l) a& room temperature . The mixture was stirred over-
night and the excess dlphenydlazomethane was destroyed with' a
dropwise addltlo:{—of acet}c acid until the red soygtion

decolorized to faint yellow. The product was then purified by

flash chromatography to give 3.4 g (87 %) of product as color-

less crystals, mp 155-157 ©C; ir (KBr): 1795 (CO,), 1754

(azetidinone); 1§ nmr: 1.31 and 1.56 (s,3H,CH3), 4.87 (s,C3-

H,1H), 6.09 (s,1H,Cg5-4), 7.28 (s,lH,CO2CH), 7.40 - 7.66

(m,10H,Ar-H); ms (175 ©OC): 523/525/527 (M*, 0.5/1.0/0.5),
444/446 (M*., 0.4/0.4), 167(100), 152(209) 114 (18.3). Exact
o
QA

mass (2059C): calcd. for C21H19NO3SBr2 : 524.9433 ; found :
524.9424 .

Benzhydryl 6 a-Dibromopencillanate 144

Using the same procedure as above, 6a-dibromopenicillanic

r

acid was converted to the benzhydryl ester in 83 % vyield as

light yellow crystals, mp 94 - 96 ©C; ir (KBr): 1787 and 1749
(CO); lH nmr: 1.27 and 1.66 (s,3ﬁ,CH3), £.62 (s,1H,C3-H), 5.33

(d,14,Cg-H,J= 4), 5.59 (d,1H,C¢~H,J= '4), 6.94 (s,1H,COOCH),
7.33 - 7.37 (bs,10H,Ar-H); ms (1300C): 445/447 (M*, 1.7), 366

(M*. - Br.,0.3), 234/236 (M*+ - Cy402H11s 6-0), 167 (100), 152
(10.8), 114 (23.8). Exact mass (1300C); calcd. for

<
n
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a

- C21H20NO3SBr : 447.0328; found: 447.0355 .

G Benzhydryl 6 3-Dibromopenicillanate 146
6,6~-dibromopenicillanate 145 (100 mg, 0.22 mmol), benzene
%10 ml) and tributyltin hydride (91 mg, 0.31 mmol) were heated
to 650C under'a nitrogengatmosphere for 5 h. The solvent was
removed,‘the residue dissolved in 30 ml of acetonitrile and
washed three times with hexanes (30 ml). The solvent was then
removed and the resiéhe purified by column chromatography using
ethyl acetate - hexanes (1 : 5) as eluant to give 19 mg of 6,6-
'dihydropeniciilanate 147 (27 %) and 70 mg of 68-
bromopenicillanate 146 (73 %) as colorless oils;
6£-Dibroakpenicillinate 146; ir (CCly): 1792 and 1751 (co); lH
nmr: 1.30 ‘nd 1:%0'15,3H,CH3), 4.66 (s,1H,C3-H), 4.78 (d,lH,C5'§
H,J= 2), 5\45 (d,1H,Cg-H4,3= 2), 6.94 (s,lH,COOCH), 7.26 = 7.46
(bs,10H,Ar-H); ms (1089C): 445/447 (Mt, 0.1), 307/309 (5.6),
197 (10}, 188 (76.3), 184 (67.1), 167'(45.5), 105 (100).
6,6-dihydropenicillanate 147; 1y nmr:'1.2§ and l.;9 (s,3H,CH3)
'3.03 (dd,1H,Cg-H4,J= 2, 16), 3.52 (dd;IH,CG-H ,J= 4, 16), 4.54

. (S,lH'C3—H)' 5.27. (dd,lH'CS—H'J= 2' 4)' 6..91 (S’lH,COOCH)' :‘7031
- 7034 (bs,%ﬂ, Af’-'HT.- ' sy

N-(p-methoxyphenyl)=-3,3-dibromo-4~-styrylazetidinone 152; ir
(Ccl4): 1782 (azetidinone) ; lH nmr : 3.76 (s,3H,0CH3), 5.08

- \Qdolﬂrc4-a,a= 8), 6.18 (dd,1H,Cs5,J= 8, 16), 6.85 (s,1H,Cg-H,J=
16), 6.91 ~ 7.49 (m,9H,Ar-H)'; ms (175 ©OC): 435/437/439
(M+,1.2/2.6/1.3), 356/358 (M*+. - Bre, 3.6/3.7), 286/288/290 (M*

L

- CcgH702N), 14/36/21), 249 (16.9), 237 (M* - C,0Brp), 149 (M+ -

CioHgBr2, 52.4), 134 (27.5), 128 (I00). Exact mass (185°C);

E . ‘
.
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4

calcd., for C18H]15N0O2Br2 : 436.9454 ;/found : 436.9452.

-

-t 1

General procedure for the reaction of 144, 145 or 146 with
olefins: -_—

o8

Method A °

Benzhydryl 6 a -bromopenicillanate 144 (200 mg, 0.45 mmol),
dry benzene (5 ml) and methyl acrylate (0.58 g, 6.7 mmol)'we%é
refluxed under a nitrogen atmosphere. To this mixture was added
tributyltin hydride (157 mg, 0.54 mmol), benzene (anl): AIBN
(2 mg) and methyl acrylate (380 mg, 4.5 mmol) ové; ab55to 6h
period (syringe pump). After the addition, the mixture was ref-
luxed for 2 h and then cooled tp room temperature. The solbéﬁt
and excess methyl acrylate wasyremovéd. The residue was
dissolved in acetonitrile (50 ml) and washed three times with
hexanes (50 ml). The solvent was then removed and the residue
purified by chromatography using ethyl acetate - hexanés (1 =
4) ;s'eluant giving of benzpydfyi-ﬁ a-%2':carboﬁethoxyethy1)—
peniciilanate 149d (132 mg, 65 %) as colorless crystals, mp

84-85 acC.

Method B

Benzhydryl 6,6-dibrompenicillanate 145 (200 mg, 0.38

mmol), benzene (4 ml) and tributyltin hydride (115 mg, 0.40
mﬁol) were heated at 650C unéer nitrogen for 5h. To tﬁis mix-
ture was then added acrylonitrile (424 mg, 7.6 mmol) followed
" by a dropwise addition of tributyltin hydride (155 mg, 0.531
mmol), benzene (1 ml) and AIBN (2mg) over a 5 to 6 h period.

The mixture was cooled to room temperature and the solvent

N -3
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B

removed. The residue was dissolved in acetonitrile (50 ml) and
washed tl;reen times with hexanes (50 ml). The solvent was then-
rémoveq and the }esidue purified by chromatogr;phy using %thyl‘
acetate - hexanes (1 : ?) as eluant giving 91 mg 6f benzhydryl
6 a-%2'-cyanomethoxythy1)-peniéi1lépate 149a (48 %) as an oil.

Crystalization with carbon te€rachioride and hexanes gave’

colorless product, mp 1320C,

"Method [of K ’ . N

.Benzhydryl 6,6-dibromopenicilianate 145 (200 mg, 0.38
mmol), benzene (“4“ml), and acrylonitrile (424 mg, .7.6 mmol)
were Heated under a nitrogen atmosphere. To this mixture was
added dropwise trihbutyltin hydride (115 mg, 0.40 mmol), benzene
(1 ml) and AIBN (2 mg) over 5 to 6 h (syringe pump). The
mixture was cooled and the solvent and g'xcéss acrylonitrile
removed. The residue was dissolved .in benzene (10 ml), tr,eated
with tributyltin hydride (155 mg, 3.8 mmol) , AIBN (2 mg) and
refluxed for 3 h under ‘a nitrogen atmosphere. The mixtu\re was

cooled to room temperature and the solvent removed. The residue

was dissolved in acetonit-rile (50 ml) and washed three times

’_’ h{lEfl hexanes (50 ml). The solvent was then removed and the

residue purified by chromatography using ethyl acetate -
hexanes (1 : 4) as eluant giving the benzhydryl 6 g -(2'-

cyanomethoxyethyl)-penicillanate 151c (74mg, 47 %) as an oil.’

Benzhydr.:yl 6a-(2'-cyanoethyl)penicill‘ana'te 149a; ir (CCL4):
2249 (CN), 1740 - 1785 b7€0); lH nmr: 1.26 and 1.62
b . ' ) '
(s,34,CH3), 2.22 (m,2H,C1'-H2), 2.54 (dt,2H,Co-H2:J= 3, 7).
3.40 (dt,1H,C¢-H,J= 2, 7), 4.58 {s,1H,C3~H), 5.13 (d,lH,C7-H,J=

’ 115
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2), 6.94 (s,1H,0CH), 7.35 (Qs,loH,Ar-H); 13¢ nmr : 15.30 (Cyv),
24.65 (C1'), zg.os and 32.98 (CH3), 59.89 (Cg), 65.68 (C2)/
66.04 (Cg), 69.70 (C3), 78.42 (Cig), 118.53 (CN), 126 - 139
(Az-C), 166.78 (C7), 172.55 (Coz) i ms (190 OC): 420 (M*,8,0),
380 (M+,6.0), 209 (M*,9.2), 168 (41.9), 167 (100), 166 (45.7),

165°(61.8). Exact mass (190 OC): calcd. for Cp4H2403NpS:
420.1507 ; found: 420.1547 .

Benzhydryl 6 g8 -(2'-cyanocethyl)-penicillanate 15lc; ir (CCly):
2248 (CN), 1742 and 1775 (b,CO); lH nmrt 1.26 and 1.60
(s,3H,CH3), 2.17 (m,2H,C2'-H), 2.50 (£,2H,C20=H), 3.69
(dt,1H,C6=H,J="4, 8), 4.50 (s,1H,C3-H), 5.51 (d,1H,Cs=H,J= 4),
6.94 (s,1H,COOCH), 7.31 - 7.36 (m,l0H,Ar-H); 13C 'nmr: 15.00
(C2v), 22.47 (Cjpv), 26.30 and 32.50 (CH3), 52.51 (Cg)s 64.99
(C2), 66.35 (C5), 69.19 (C3), 78.40 (CHPhp), 118.54" (CN), 127 =

139 (Ar-C), 166.78 (CO2), 173.59 (C7) -

Benzhydryl 6Fx-(2'-'carb;)methoxye;:hyl’)‘—peniccillanéte 1494d; r{r‘
"(ccl4): 1736 - 1770 (b,CO); lH nmr : 1.24 and 1.61 (s,3H,CH3)/
2.16 (m,2H,Cyi-H), 2.50 (m,2H,C1'-H), 3.35 (dt,lH,Cg-H,J= 2,
8), 3.68 (s,3H,COOCH3), "4.55 (s,1H,C3-H), 5.07 (d,1H,C5-H,J=
2), 6.93 (s,1H,COOCH), 7.26 - 7.36 (m,10H,Ar-H); 13C nmr :
26.06 and 33.00 (CH3), 23.86 (C1'J, 31.36 (C21)," 51.77 (OCH3)»
60.74 (Cq), 65.49 (C2), 68.48 (C5), 69.64 (C3), 78.26 (OCH),

127 - i39.7 (Ar-C), 166.95 (C7), 172.79 ?nd 173.78 (Co2) ;i m?

(850C): 453~ (M+, 0.2), 371 (M*, 3.4), 279 (7.3), 227 (27.6),

198 (13.1), 194 (65.9), 167 (88.4), 149 (65.3) . Exact  mass
&

(1000C): calcd. for Cyg5H2705NS : 453.1609 ; found: 453.1610.

o~
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Benzhydryl .6 ﬁ~(2'-carbomethoxyeth11)—penicillanate 151le; ir -

(cCl4): 1734 = 1771 (b,C0); 14 nmr, : 1.29 and 1.66 (s,3H,CH3)s

2.10 (m,1H1C1:¥ﬁ), 2.37 (m,1H,C2'-H), 3.65 }5}1u,csla), 3.71
(s,34,0CH3), 4.50 (s,1H,C3-H), 5.47 (d,lH,cs5-H,I= 4), 6.95
(s,1H,0CH), 7.30 -7.40 (m,10H,Ar-H); 13C nmE: 26.35 and 32.16
(CH3), 25.79 (C1v), 31.49 (C2v), 51.71 (OCH3), 52.42 (Cg)r
64.57 Zcz),-66.9§ (Cs), 69.34 (C3), 78.21 (OCH), 127 - 139.3

'(Ar-C), 167.04 (C7), 173.11 and 174.69 (CO3) -

Benzhyudryl 6 ®—-(2'-acetoxyethyl)-penicillanate 149f; ir (CCl4)g~
1740 and 1772 1CO0) ; lg nmr : 1.24 and 1.61 (s,3H,CH3), 2.03
(s,3H,COCH3), 2,19 (m,2H,C1'-H), 3.36 (dt,1H,Cg-H,J= 2, 6),
4.18 (m,2H,C2'~H), 4.56 (s,1H,C3-H), 5.13 (d,1H,c7-H,J= 2),
6.92 (s,1H,0CH), 7.26 - 7.36 (m,10H,Ar-H); 13C nmr: 26.05 and
33.02 (CH3), 20.83 (COCH3), 27.66 (c1'), 59.13 (Cg)r 61.98
(Cg), 65.46 (C2), 66.58 (Cs), 69.61 (C3), 78.26 (OCH), 126.9 -

139.2 (Ar C), 166. 93 (C7), 170.83 (coz), 173. so (C3-). ms (110
OC): 453 (M*, 1.6), 425 (M* = CO, 0.9), 325 (M - c53803, 1.8),

244, (5.1), 188 (34), 168" (39), 167 (100). - -

Benzhydryl Gp-(2'—acetoxyethy1)-peniqillanaté 151g; ir (CCly):
1741 and 1772 (CO); lH nmr: 1.24 and 1.63 (s,3H,CH3), 2.04
(s,3H,COCH3), "2,18 (m,2H,C1'-H), 3.67 (m,1H,C5-H), 4.13

(mh,ZHpcz'-H)p 4-49 (S,lHI,C3-H)‘, 5.46 (d'lHrCG-HIJz 4'5)"-.— 6'93

(s,1H,0CH), 7.24 - 7.37 (m,10H,Ar-H)\

N-(p-methoxyéhe’ﬁyl )=-3 d’-‘('?'car_bomethoxyettiyl )-4-styrylazetidi-
none 153; ir (KBr): 1742 (CO); 1H nmr: 2.21 (t,2H,Cyi-H), 2.56

(m,2H,C2'-H), 3.13 (dt,1H,C3-H,J= 2, 8), 3.69 (s,3H,CO2CH3)/

- —
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3.77 (s,3H,0CH3), 4.33 (dd,18,Cq—-H,J= 2,8)5 6.29 (dd,1H,C5-H,J=
8,\16), §_76 (d,1H,C¢~H,J= 16), 7.24 - 7.45 (m,9H,Ar-H).; ms
(850€C) : 365 (M*+,1.2), 313 (4), 281 (18), 280 (22), 149(73),
130 (100). Exact mass (859¢C): calcd. for C2H2304N : 365.1627;
found; 365.1644 . A

o

N-(p-methoxyphenyl)-4-—styry1;-azet_.idinone _1_5_5_'; ir (CCly): 1740
(CO); lH nmr: 2.93 (dd,1H,C3-H,J= 2, 16), 3.41 (dd,1H,C3-H,J=
4, 16), 3.7 (s,3H,0CH3), 4.64 (m,1H,C4~H), 6.31 (dd,lH,Cs-H,J=
8, 16), 6.83 (d,1H,Cg-H,J= 16), 7.23 - 7.45 (m,(H,Ar-H); ms,
(850): 279 (M*,1.0), 237 (M* = C3H20,7.0), 172 (2.6), 149
(50.8), .130 (100), 129 (33.8). ' |

Benzﬁydryl 60t-allylpenicillanate 156 / \
Benzhydryl G;brorhopenicillanate _lﬂ or. 146 (50 mg, 0.1l1
mmol),m toluene (0.4 ml), allyltributyltin’ (74‘— mg O. 22 mmol) and
AIBN (2.4 mg) was warmed to 659C under a nitrogen atmosphere
for 45 m1nu?es. The solvent was removed and the re51due worked
up as before glv_'lng 43 mg (95 %) of Qrod,gct as a colorless 011;

ir‘(neat)' 1750 (azetidinone), 1772 (CO,); lH nmr¢ 1.24 and,

1 62 (s,3H,CH3), 2.58 (m,2H, C1'-H), 3 38°(dt,1H,ce"H,I= 2, .,
4.57 (s,1H, C3-H), 5.09 - 5.19 (m,3H,Cg-H and C3'~H), 5.79
(m,lﬂ,CZ.-u), 6.93 (s,1H,COOCH2), 7.26 ; 13C nmr : 26.12 and

N

/33.17 (CHy), 32.33 (C1*), 60.62 (C6), 65.56 (C2), 66.03 (C3J,

69.73 (Cs), 78.28 (OCH), 117.77 (c3*)e 127 - 139 (Ar- c), 133,53
(Can), 167,02 (c7), 173.96 (C02); ms (95°C) : 407 (M¥,10.5),
379 (M+:-“co,“1;6)( 326 (M* - cgH5O, 1.9), -240 (3.0),” 168
(48.2), 167 (100), 165 (31.0), 114 (32.3) . ; Exact mass
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(1(')‘506)-'} calcd. for C24H2503NS: 4070'1555 H founé 4‘07.-]:562 .

\‘\,

Ben,?lydrylrép -Iallyl 159 and 6,6-diallypenicil lanate 157 ‘_
Benzhydryl 6,6-§ibromopenicillanate-lgé 153'mg, Qdﬁ
mmo{), toluene (0.41n1)} allyltributyltin (64 mg; 0.20 mmol)
and AIBN (2.4 mg) was warmed Po 650C ﬁnder'a nitrogen atmos-
phefe for 45 minutes. The solvent wés’fémovgd and thé fgsidue
dissolved in acetonitriie (15 ml) and washed with he*anes (20

Zbive a mixture of Gﬁ-allyl,sp-

ml). Thé solvent das reﬁgved to
bromopenicillanate 158 and 6,6-diallylpenicillanate 157 which
could not be separaied by column chromatography. To thé above
mixture was then added tributyltin hydride (44 mg, 0.15 mmol),
benzene (10 ml) and AIBN.(cat) and refluxed for 2 h. The
mixture was cooled to room temperature and the solvent'removed.

After the usual work ugﬂgnd column chromatograbhy,~30 mg‘of'6p

-allylpenicillanate 159 and 9 mg of 157 was obtained as color=-

i

less oils.

Benzhydrji,6p-aIly1peniciilanate 159; ir (éeat): 1749 (azetidi-

anmaim—t

-ngne), 1773 (co2): lH nmr: 1.25 and 1.62 '(s,3H,CH3)s 2.53

Gér7ﬂfcl--a,J= 8), 3.68 (dt,iﬁ,cs;ﬂ,J= 4,8) 4.48'(5,1H,C3-H),
5.05 - 5.12 (m,2H,C3'-H), §$4g bgd,lu,cs-ﬂ,3= 4), 5.75
(m,jﬂ,cz.iﬂ), 6.94 (s,1u.éooca), 7.26 = 7{34'(m,1ou(ArTH); 13c
ﬁmr: 26.45 andn31ﬂ78 (CH3), 29.80 (C2v), 53.17- (Cg)s 64.22°
(Ca), 66.76-(cs). 69.17 (C3), 78.22 (OCH), 117.12 (C37), 127 -

139 (Ar-cC), 133.74 (C2'), 167.20 (C7), 175.06 (COz); ms

(1150€) , chemical ionization, ammonia : 425 (M + NH4*, 0.4),

13

392 (M+ - 15, 0.2), 391 (0.8), 168 (14), 167 (100).

4
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Benzt&ydryl 6,6-dia11ylpenicillanate 1573 ir (n\eat)" 1730 =1780
(b,C0) ; l§ nmr: 1.24 and 1.61 (s,BB cua). 2.53 (m,4H, czn-ﬂ)v
4.48 (s,1H,C3-4), 5.11 - 5. 19 (m,S5H, cs H and’ cz-—ﬂ) 5.81
(m,2H CZ--H), 6.92 (s,1H, OCH), 7. 25-‘7 35 (m,lOH Ar-H-); 13¢ nmr:

26.23 and 32.55 (Cﬂ3x, 34,71 and 37.36 {Cy'), 61. 49 (cs). 64.40
1c2), 68.26 gcs), 71.03 (C3)s 78.15 (OCH), 119.19 ‘and 119.31

‘ (C3'-’H_), 12704'—1390.4 (At—C)' 131076 dnd 132.038 (C\z'), 166-95

) . v
(C7), 175.85 (CO2)i* ms’(950C): 447 (M*, 0.2), 408 (M* - Cc3Hg»
0.7), 407 (2.4), 326 (3.0), 240 (1.9), 196 (2.3) 168 (35.6),
167. (100), 152 (12.3).- Exact mass (1000C): caled. for

nC2732903NS. 447.1867; found: 447.1833.

k3
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