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Chemistry 

RADICAL RBACTIONS tN ORGANIG SYNTHESIS 

by 
Guerino Sa-cripante .... 

'. ABSTRACT 

, . 

-~ 

Ph.D • 

The 4-substituted glutarimide required for the synthesis 

of sesbanimide (2]) was obtained by free radical additi?n of 
.. 

iodoacetamide ,onto t~he ex, p-uns~turat~d ester (81) mediated by 

tributy-ltin; the lactol ring f was pjepared by th'e analogou's 

free radical cycl ization of the ex -bromo-dipropargyl ketal 73~ 

The syntheses of- tricycl ic carbapenems ,involved . ' 

appropriately substituted monocyclic azetidinone precursors. 
, ( ,. , 

Free radical ~-!.!.2 cyclizations leç~o the, relatively unstable 

benzo carbapenems 116, 119 and '120. The 6-~ mode, however, 
1 <l .. ~, -

• r afforded stable' benzo carbacephems ill, ill, 13'2 and 133. 

~-Bromo- and CI, CI -dibromoazetidinones were converted 
, , 

stereose1ectively to the ex -a1kyl~zetidinones 149 and ill., or 

to p-alkylazetidinones 151 1 li! and 15~ br a free radical 

addition onto olefins' 1'4i8 or' al1y1 tributy'1 tin. 
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Chimie 
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. ...... , . . 

LES REACTIONS 8ADICALAIR~S EN SYNTHESE ORGAN lOUE 

RÉSUMÉ 

Ph.O. 

La synthêse du sesbanimide (S3) requier;t la prêparat;ion 

d''un glutarimide subst~tu~ en ppsition 4, 1~que1 est pr~par~. 
. ., 

. par l"ad,di tion; radicala re de 11 iodoa~êtamide sur l'ester ex, p-
insatur~ <.!!). en pr~se ,ce de tribut yi dl~tainr-Une r~action . ........,.- ~ 

r~icalaire analogue, ,soit la cyclisation du c~tal de 11(X-

bromodfpropargyle sert 3 pr~parer le cycle C de ce. produit. 
j, " 

Des pr~cur~eurs d'azétidinones monocyc~iques convenable-
. , ' 

ment sl:1bsti tuês ,sont nêcessair~s a la synthêf!te de carbap~nêmes 

tricycliques. Les ~~clis~tions radicalaire S-exo ont donn& les 

benzocarbapênêmes 116, !!!, ét 120, lesquels so~t relativement 

i~stab~es. Par contre,.les benzocarbac~phêm~s staBles' 12,5, !lI, 

132 et 133 ont été obtenus à partir des' cyclisations 

radical aire s 6-exo. -
La 'synthêse stêrêoselective des CX-alcoylazêtidinones 149 

~t ~ oa des p.:oa~c~ylaz~tidinones 151, 15-4, et 159 ! partir 

des azêtid.inones ex -brom~es' et ex, CI -dibromêes correspondantes 

est effectuêe par addition radicalaife sur les olêfines 148 otr" 

sur l'a].lyl tribut yi d'êtain.. " 
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PREFACE 

The f'ormation of carbon-carbon bonds is t:egarded as the 

o core of organic sYnthe~is. Su ch proces·ses are almost invariably 

o 

o 

performed by 'a "two electron" union of nucleophiles and 

el ect roph il es. 'w i th except ion of bi rad i ca 1 processes such as 
-

.possibi y the Diels - Alder l or photochemical cycloaddition 

reactions, the free radical "pne electron" method of forming 
, 

carbon-carbon bonds in organic synthesis was extremely rare 

until a decade ago. 

Radical reactions are widespread in occurence and very 

important. For instance, most reactions initiated by light such 

as photosynthesis involve radicals~ Most halogenatiohs, 
, 

explosions, combustions, polymerizations and pyrolyses are 

radical processes. Free radical reactions occur in most cases 

at a diffusion-controlled rate and are still viewed by many 

organic chemist to be an unpred~ctabIe,~uncontro~lable and . 
e$sentially an unreliable reactidn for use in a multistep 

synthesis of a cornple~~atural product. 

Within the last five 

organic synthesis has been 
" 

due to the developments 

years, thé use of free radicals in 

rapidly ~xpanding. Tls is mainl~,' 
of free radical chain processes 

mediated by metais. Carbon radicals ca~ be generated ~~der mild 

conditions from a variety of functionaoJ. groups and attack 

alcohols, amines and carboxyl groups so slowly that these 

functionalities c~n be tolerated withqut protection. Carbon 

radicals also e~hibit high chemo- and regiose1ectivity. 

Furthermore, chiral centers adjacent to radicals .easily. 

·1 
'* • 

:;' , • 
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P-Scissions of radicals are less pronounced than those 

of aniorrs, and radical rearFangements are less common than 

those of cat ions. 

In this dissertation, chain reactions mediated by tri-

, butyltin radical are applied towards sorne model studies in 'the 

synthe\sis of a natural antitumor compound, Sesbanimide A 

(Chapter Il), ~and towards the stereoselective synthesis of 

. h i'.g h 1 Y st rai ne d tri c y c 1 i c a z e t id i non e s (C h a pte r 1 1 1 ), and 6 -

alkylpenicillanates and monocyclic 3-alkylazetidinones (Chapter 

. IV). In th~ last chapter, an interesting correlation that was • • 

observed on examining the proton and carbon-13 spectra of sorne 

cis- and trans-azetidinones is descrjbed • 

. ' 
, • u 
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CHAPTER 1 : INTRODUCTION 

Definition of a free radical 

A free radical- is an atom or moleèùle which possesses one 
; 

or more' unpaired electrons.Such species may be monoatomiç such 

as halogen atoms or alkali metals and certain metaii ic, ions 

(1) or~~rganic molecules in which an unpaited electron cari be 

/ 

Cl' Br' Na- , Li' 
l'Y' pQ. 3+ " , e , ( 1 ) 

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

radicals with an unpaired electron on phosphorus, sulfur, and 

t-Bu (2 ) 

t.-Bu OzN 

nit:rogen are known, as weIl a!3 free radical's from trisub­

stituted group IV metai compounds (equation 3). These examp1.es 

which' are 
~ 

are just illustrative of a varie~y of species class-

ifled as ftee radicals. 

0 

R O· ( 3) (EtO)3p· t-BuS· , R3Sn· , R3Ge· , 

J 

~ 
. ( 

3 



History of Free Radicals 

/ 

The term "free, radical" was fir'st intrAlduced by 

o Lavoisier 2 in 1789, denoting a group of atoms that retained 

their identity throuç{h 'a ser'ies., of cl}emical rea'ctions. ln the 

o 

~' 

. 
o 

• 

.; 

early 1800'5 this term was modified to describe part of a 
.. :0;: {.N', 

Molecule which wa's als~ capable of indep\3ndent, .separate exist-

ence, i.e., the methyl maiety in the ethane Molecule. This term 
\ 

took real'ity when Davy et. a1. 3 c,laimed' the preparat·ian o~ t'he 
. 

ammonium radical in 1810, ç-fnd 'Gay-Ll,lSsac4 in 1815 ,discover~d , 
[ 

" . 
cyanogen which was thought ta b~ a free radical (eN). Kolbe S, 

" o 
in the electrolyses of fatty acids in solution obtairred gases 

whic,h were interpreted to be freEh radicals (equa.tion 4). 

Frankland 6 also obtained agas which he bel ieved ta be ,,'free 

ethyl" ~y reacting ethyl iOdide wi~h zinc ~n a sealed tube 

(equation 5). ~y the mid nineteenth century, other radical . \ 

+ + (4) 

.c, "Free methy ln 

+ Zn .+ Zn! ( 5) 

"Free ethyl" 

, 
species suén as c~nnamyI, 'cetyl, càcodyl and benzoyl ware also 

. ' 

cIa,imed_ to have be,en'ls·olated. However, by 1860, when gas-
" 

density measurements c'ould be accurately determined for 

~sta.b'lishing molecUl~r, ~~ig~ts, it ·was reai ized that species 
" , 

assumed -to be radicals w'ere actUally moiecules. For examp.le, 
# 

, 0 ' 

,react'rohs thought .to haVre ,produced free, methyl or ethyl radic-
\. " . . ( .. ' 

aIs" (equatio~ .~ and 5)', were identif ied as. ethpne 'ot butane 

\, 

4 

, '\ ... 
. \ 
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•• 

o 
" 

.respectively. In fact, the above experiments mos~ lik.,el~ did 

\ p'roduce 'the claimed rad'icals as transient speéies, but because 

. of l:heir short lifetimes they were not detected and anç only 

their dimers wer~ is?lated. 

With the advent of the valence theory aroulld·1860, most 

chemist became convinced of the quadrivaiency of the carbon 

atom, bringing to a haIt any,further attempts to isolate or 

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

teenth century. 

~t the turn of the century, the re-discovery of free 

radicals came about by accident. Moses' Gomberg 7, a Russian-born 

chemist working a~ the University of Michigan in 1900, reported' 

the unexpected existence of the trityl radical when he 

attempted to prepare hexaphenylethane from the reaction of 
• 1 

triphenylmethyl ch"loride with either silver or zinc du-st in 
. 

benz~ne (equation 6). Instead ~f the s~able ~ex~phenylethane 

expected, he obtained a yellow solut:ion which reacted rapidly 

with air (oxygen),' iodine 4hd other reagents resu1ting in 

decolorizatto~'of the SOlut~n. 

+ Agel (6) 

. -
" 

• 
5 
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• 
\ 

. . 

However, when the trityl radical was isolated in the pure form 

as colorless crystals, it was found to'have a' molecular we~ght. 

corresponding to hexaphenylet'hane. 'Since cleavage of carbon­

ca~bcin bonds by mild reagents such a~ oxygen or iodine was 

considered highly unlikely, Gomberg concluded that hexaphenyl-
, 

ethane. d iSBoc iated into free -~ad ical s in so 1 ut ion. Th is 

co~c~ùsion w~s not easily accepted by che~ists in general, but 
... 

was amply supported by subse'querit work. PicardS showed that the 

ye11pw ~olution obtained did not fo11ow Beer's law, the colour 

deepening with dilution. Wi'eland 9 , in 1911, prepared tetra-

pheny1hy,drazine which 

solution (equatiort 7). 

a1so was'claimed 
, 1 

to dissociate in 

(7) 

Only rècently 10 (1968) has the.'~tructure of ,the .trity( dimer 
dl, r 

. , . 
been reinvestigated and fpund not to be hexaphenylethane, but 

instead compound 1 in equïlibrium with the trity1 radical, with 
...., , 

K • 2 X 10- 4 , M in benzene at room temp-erature. Interestingly, 
~ . 

t--- .1 Gomberg's original task of preparing hexaphenylethane, it 

seems, has never been' àcéompl ished. 



o 

o 

o 

Transient free radiçals were beg inning to be proposod as , 

intermediates in Many reactions throughout the, next few decades 

mainly as a result of Paneth and Hofeditz's~workll in i929 when 

1. ---they demon'strated the existence of transient a1kyl 

radicals in the gas phase •. When tetramethyllead was passed 

down a pea~ed tube with a stream of nitrogen, a m[r~or of léad 
" . 

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

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

, 

a b 
.--___ -_ ~ EthcIM 

Figur. 1 
- 4-- Zn 049> 2 

'" ' 

. -

of a zinc m\rror at point b somewhat downstream from the point 

of heating, the -zirtc mirror wasgradually removed producing di-' 

methylzinc (equation 8). By 'varying the distance between point , 
a and b, the lifetimes of the alkyl radicals were deduced

L 
to be 

around 10-.3 sec at 2 mm 'Hg. • 

- Pb(CH3)4 
1 " , --. 4 CH3· + Pb -+ 2 CH3CH3 (8-) -

~ , . .. 

+ 
2- Zn 

2 Zn( CH3)2 .. -, 1 \. 

7 , 
.~-

~ ... ------

f' 



\ 

o 

o 

• 

In a rev iew in 1937 ,,-....Hey and Waters 12 , explairied the 
• 

products of a range' of reactions in solution by free radical 

me~hanisrns. During the sarne year, Kharasch and Mayo 13 rational-

ized the anti-Markovnikov addition of hydrogen brornide to , ' • 

unsaturated hydrocarbons by postulating that they underwent an 

addition by a free radical ~hain process in the presence of 

,light Of peroxides (Scheme 1). The production of bromine 

, HOr --".) Br· 

, 
lIUr+ BrCH:!éHCH28r "'---+ BrCH2CH2CH2Br + Br" 

Sc-herne 1 

, ' 

radicals induced by light Or' the decomposition of peroxide, 

initiated a chain sequence which was a prototype of what was ta 

become known as a free radical chain reaction. ~lso in the sarne 

year, Fl ory 14 proposed/a radical mechanism, for the adçition 
/. '" 

polymerization procesS!' and described the kinetics of radical 

pol ym e riz a t i 6 n 0 f vin y 1 mon 0 mer s • The de v-eî 0 p m'e n t 1 5 0 f , 

synthetic polymers during the second world war, such as 

rUbbe~fro~ s~yrene and butadi_ene (equation 9), the 

invention of Ne prene (equation 10), polyethylene and other 
ô 

synthetic 

plastics, made free ,radical chemistry achieve industrial 

impor,tance. However, during the 1930-1950 peri~ free radicals 

were not universally 'accepted as respectable reaction 

intermediates • • 

8 

o 
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( 10) 

• J 

~ '1. 
The adve'lTt'" of spectroscop.1C methods, . espec ially electron 

sP.i,n r;sonance spectroscopy (ESR), proved
J 

beyond any 

reasonable doubx the existence of transient free radicals even 

wit~ life-times as short as micro or nano seconds. . . 
\ 

. Sin c e. the l ~ 5 OlS, W i t h the' a v a. i l a b -i < lit Y 0 f E SR· 
. . 

spectro::;copYi the field of radical chemi&try has received re-

newed attention. Novel systems for the free radical carbon -
-' 

car bon bon d . for mat ion us i n ci met aIs 5 U cha s t r. i b·u t y 1 tin . . 
hydride 16 (equation 12) or redox reactions using transition·' 

metals such as manganese 17 (aquation Il) have been"deve1oped. 
> • [' 

Al though free radical chain reactions have thus been known ~or 

Many year.~, the~r application in orga,nic synthesis has only 

recently~een exploited. 
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Structure of Alkyl Pree Radicals 

Sevè'ral stable conformations for an organic ~rce 'radical 

can De envis-roned. The central 'carbon atom could .be pJanar, , . 

(sp2), s.imilar to a ~ <?arbonium ion, ~ii:h a~ additional unpa'i'r~d, 
el~ctron occupying the pz-orbital (1)., AJternatively, 'it c;ould 

adopt:. a- tetràhedra 1 structure -'<.~) sim il ar 'to cë1rbanion:s' (s'P3), 

or a shallow pyramidal s1:ructure in which the unpaired. -electron , . 

contains sorne s character, that is a hybrid between the p and. 

~'p3 .geometiy ('.1.). This i~ttè'r' structure, would )result in'a 

.di~symmettic ~istr,ibution of eleètron dc,\si ty. 

4 .. 
'. 

" 

, ' 

Chemical ~ethods,have Undoubtably s60wn tha~ foimation of'-­
.p. 

. radlcals in an a~symmetric molec~le r~~.ul ts in epimeri~at-ionI8 ~ '-

,. 

, . .' 
(equation 13), which is consistent witti. ~ither'a .plan~r, Jl) or -1 

1;.' 

a s~all,ow pyramidal structure with rapid inver~ion',(equatfon 

-,- 1 • 

, . , ' 
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Ph Ph Ph 

Et,,~D P~nD 
Cl 

0 > + H ( 13,) 

.. 1,lfJ 
H ( 0 

Ri 1 , 

• ) • 
(14) , 

-r;- C 

J -; 

ESR and IR spectroscopie studies have demonstrated, that 

the simple methyl radical possesses Çl pl{l~ar or v.ery !?hallow 

pyramidal structure àt lo~ te,~perature with about 'a 50 ,de-, 
'- , 

viation from planarity,' and t·hat the energy barrieF" between the 
~ )0," ~ 1 1 

planar and the 'shallow pyramiaal· struc,t'ur~ -is very l,ow19• 
~ 

Substitution of· the hy~rogens with al~yl subpti,tuents favoùrs 

. the adopt ion' of' thé shallow pyrami·dal· structure. The geometry 

of the .radical is further af'fecte.2- by ele,ctronegativ--e groups 
, 

su-ch as fluorine an<:i oxygen, which can s~abl'li\ze 'the radical by 

_ .: "do~a tion •. I,ncreas ~ng tl\e, n~mber of fluor ine substi tuents on 

the c e n t raI 'c'a r bon rad i cal , , .' for example, ,results in a 

.. pro.g~eSSIve: increase" of d'ortion from planarity. 

, 

'lo • , 
" 

' .. --

" . 

'. 

" ~. 
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Struct\,lre.of vinylic Radica,ls 

Vinyl ic radicals ,can ei~~er adopt a bent 'geometr.y with 
. -

the unpaired' eleètron ~n a sp2 orbi·tal {2,), or a linear 

structure wi1th the odd electron in 'a p-orbital (!). 

" ' 

5 6 

ESR studies2l are consistent:with the bent geomet~y and the 
• <. 

possibility o'f rapid i.nv~rsion o,f the two lsomeric radicals 

o ,(~.>, the barrier of inversion being ca. 8 KJ/mole. Experimental 

'0 

.. .. ... 

studies 22 ,23 conf1çm r~~idl~ inverting bent structures. For 

instance" heating either cis- or' trans-dicinnamoyl peroxide 7 

in carbon tetrachloride give the same mixture'?f E and Z -

chlorostyrene! and!~ This can be explained by_involVeme?t pf 
. . 

~ithel\ a planar' or rapidly, inverting bent intermèdiate radica-l: 
, , , , 

Wl)en bromotrichloro Methane is used as the sol ven,t ,(schéme 2), 
'.. ", 1 ~./ 

the. ratio of the products' is siightly, différent' for the 'èis or 
, 

,trans pr~cursors,. :t:he latter 'cao only be ratiQnalized by. 

p~stulatrng that 'the' rea~'tion 'of the, bent rad ical ln termed iate 
, 1 .. , -

, . 
. with the more rea9tive br~motrichloromethane competes with 

" "inversion of the ra~Hcal intermediates 5 (R = Ph.>. 
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P~~C~2 9reC13~' P~Br' 

) - P~Br· 

Ph~ . 
3 1 

'BrCCI3 .. ) 1.5 8.5 - -
COz> 2 

1 

Scheme 2 

Stabi~i~y of~o~ganic radieals .. 

,In the free radical halogenation of alkanes, the ease of 
1 

hydrogen abstraction to give the alkyl ra~ical follows'the 

order ,CH4·- <: . 10 < 20 < 30 • The experimenta 1 acti va t ion 

e~ergi~s24 Eact (Table 1) inçicate a decrease in , Eact . 
parall~led by an increase in the rate of reaction in this 

.~ 

series. THe bond dissociati6n energies 25 also decrease with 

decl7easing a'cti vation energy (Tabl e 2). 

\ The above order for the ease of formation can be 

rational ized 1 by assuming t~at 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 war 
~ 

14 
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R-H + X· --t R· + H-X 

Il x-a X-Br 
f 
~ ""-

CH, .- 18 
J- I 13 ~ 

2- O., 10 
3- 0.1 7.S -

• 
'\ 

"'-. '" 

.... 

T.... 2 

Bond D.E Bond D.a. 

CH,-H HM HOCH,-H 92 
CH,CHz-H 98 0 
(CH,hOl-H 94.S Il 

CH,CCH,-H " 92 
ICH,hCf-H , 91 

NaCCH,-H 86 D . \ 

:.( 104 ~1..~\~H 
ÇHJ&-JCHJ JO 

~ t'H2-cH-H 101 (CH,)C()-OH 44 

PbCHz-H 85 F-F 38 
"- O-eJ 't ctf2=CHCH,-H 8S \ 

F,C-H Î06 Br-Br 46 

O,C-H 96 1-1 J6 

C,H,-F 106 H-F lJ6 
C,H,-a 81 H-a 103 
C,H,-Br 69 H-Br 81.5 
CtH,-1 53 H-I 71 

a. O.U ..... 'ro.J. A.Km. 0-. ........ 465 119661.111d S. w.IeftIoII.J. 0-. &1 U. 
, 

502 (1965). 
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of contributing structures (equation 15). Thereforet the 

greater stabilizing abiljty of the S group res~lts in a lower 

amount of energy needed to form the radical. 

R-X + y. 
45+ 45 ... 

----_.~ R·····X ••••• y (,15 ) 

x = H , Cl, Br etc ••• 

The 'stabilities of carbon centered radica1s fo11ow the 

same order as that of carbocations (16), the vinyl and ary1 

. ' radicals being the least stable wlth very short half-lives (lO-

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

< CH). < Ph· , CH=CH· 

• RCH=CH-:CHR < 
-i' (16) 

, 

n~mber of substituents. A1.ly1 and ~en~yl radica1s are 

, stabi l ized by 1(' -conj ugati0!l. A. noteworthy .exception is in the 

propargyl radicall., which is found to be 4.5 times more stable ?" " . 
~han the a'l~ryl radical, the eth,ynyl g'roup with its sp ,. ~ 

hybfidization being more e1ectron attracting than-the vinyl 

grou,p (sp2). 

Heteroatom substituents such as oxygen 12 or ha~ogens 

~so stabi1 ize r,adicals to sorne degree through .. -dona«t ion • 

16 
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Electron withdrawing alpha substituents such as carbonyl (13) 

and thiocarbonyl 'functions or nitriles are also known t'o 

stabilize the radical through 11' - resonance~, Furthe rmore 

radicals are extremely stabilized by adjacent electron-
o , 

withdrawing and electron rêleasipg func~iofls in Molecules such 

as 14. This mutual ,reinforceme,nt of· the t,wo substi'tuent effel.:ts 

on the radical is known as capto-dative stabilization26 • 

.. .. 0: 

~ 
,~ :0. 

.~ .. '. 
~-R~ 

. 
R-O= 

.. " 12 • 13 
'-

" 

The ease of radical formation is also dependent upon the 
. -, 

nature of the covalent C-X bond to be broken. In the càrbon-

halogen series, the bond dissociation energy decreases along 
, ~ 

the series chlorine, bromine and iodine (Table 2), and thus a 

lower amount of energy is needed to form the alkyl radical in 

this series. For instance, the triqutyltin radical abstracts",c 

the halide atom from n-butyl chloriqe at 120o C, from n-butyl 
1 

l iodide at 40oC. 

v iew, the various su·bsti tuent 

an organic radical can lead to 

very useful example, benzotrichloride lS'can 
'. 

be reduced stepwise to çenzal chloride 16 and to benzyl 
--

ch10ride 17 with tributy1tin hydride 27 • 

• 17 
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18 - 17 

. 
A more, :elegant example is the synthes is of but~nol ide 18. The 

,. , 

tribut yI tin radical abstracts the bromine from 19 at sooe, 

- lea,V ing the less reactive carbon-ch,lorine" bond intact. The , . , ~ 

alkyl radical formed then undergoes intramolecular cycl izations 

-tG' g.i.ve the tricycl!c compound 20, which is then transformed to 
, -

the butenolide by 'standard methods 2S• 

18 

, , 
Ji 

" 

1 

.---+ 

20 

18 

./ 

Cl 

, 
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Organic free radicals can also be ge~er~tèd from other 
, r 

compounds such as xanthates, imidazoly1 thiocarbonates, thio--

phenols,' thiopyridines, and nitro alkanes '(equations - 1.1 to 19) 

at different' rates, making free' radical reactions highly chemo~ 

"'''''' selective29 ,30,31. 
~ lit! -
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Catalytic Chain Reaction 
-,- -

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

, ' 

reaction (equation 20 and 21): 'the- free 'radical ,:r(eact~on which 

is generated by the homolysis of a c,ovafe~t bond. a'nd, 'l~ss 

commonly, by an elec,tron,,·.transfer process ('Re'dox reactions). 

A-B A· ' + _ (20) 

A-B + e A· + (21 ) 

.' 

Homolysis by'thermal or photochémical reactions 
1 -

A f~ee radical chain reaction involves the generation of a 

catalyfic amoun~ of radicals from an initiator, a serie. of 

propagation steps and finally, termination,by,cQupling or dis"-

proportionation (equation 22 to 26) ~ 

. , In -+ A· (22) 

Ae' + B-C ....... A-B + C~ (23) 

'" C· + .B';'"C .--+ C-B + C· ,( 24) 

, C· + D=E --+ C-D-E· (25) 
, , 1 

1 C· + C· -+ C-C ( 26) 
1 --

~he radica~s 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 

20 
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~ontain an azo moiety such as azobisisobutyronitrile (equation 

nit.rogen '*ànd a1kyl radic~1s. --

. ~. --+ 2 --. 
. " 'p o-. 

2 Ph- + 3:0z (27) 

2 NC~. + 

There aI;'e ·a variety of initiatorSl that generate radica1s 
1 • 

therma11y at or above room tempera~ure, and it is practical to 
l , 

choose a compound with. a. hal~-1ife comparab1.e to the, reaction 
. , 

time at.the temperatu~e needed. Figure 2, shows a plot of half~ 
6 

life versus temperature for sorne commonly used initiators 32• 

, : 

• .. 

100 

r 
, ;:: O. 1 

1 .. _ . 
• % 

-" 

20 - aD 80, 100 120 140 

Figure 2. Half-lives for the decomposition of sorne common 
initiators. (a) 'di-t-bu peroxyoxalatel (h) AIBN;' (c) -52082- 1 
(d) Senzoyl peroxid~ 
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A wide var.iety of' radical propagators are used, such as thë 

br~mi,ne .radicql in the brornination of an alkene (page 8) or the 

tin r,adical (Sn·) in the cyclization of an alkylhfllide (equa-
, " 

tion li). In the formation of carbon-carbon bonds, the halogen" - , 

nitrogen, phosphorus and mos~ organ6sulfur radicals cannot be 
, . 

used since they react with carbon radicals to-give,an,adduct • 

Howe'ver other 
./ 

free radical. chain pro pa 9 a t 0 r so suc h as 

organosilicon 31- (R',3Si·), organ~g~rmaniU!ll34 (R3Ge·), organotin16 
- , 

(R3Sn·), org~nolead35' '(R3Pb.),~ or t-b,u'tyl, ~~,l fur 36 do .not 
, , . 

usually interfere by adduct formation with carbon radicals and 

behave ideally as intermediates. b 
"-

./ 

The overall reaction of the free radical. process invoLving 
" 

an alkylhalide and an organometalljc hydride to give the 
" 

corresponding reduc'tion 'product and organometall ic hal idé' is 

given in equation 29. 

R-X + M-H R-H + ~ 29), 

• 
The bond dissociat ion e~erg ies for group"IV organo~etall ic 

comp0I,1f\ds 36 are shown in ~able ~. Focussing on 'th~ difference 

in dissociation energy between ~he metal-hydride and metal­

halid~ bonds, it can be se,en that t.>there is a· favourable ' 

entha 1 py change for reactions invol v ing' the organoge·rmanium, 

organotin or organolead. However, it i5 less pronbunced for 

organosilicori. The temperature req~ired for the reaction in 
oÔ 

equation 29 to proceed is about 60 to 80 0 e f,or tin, germanium 

--
• 

. 22 
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or lead, and about 160-170oC for sili90n. Furth~rI1\O~è the 
1 . 

correspondi~g organosilyl halides are J -t 

... 

stroti"g Lewis acids, which are .known to, cleave quit~ resist~rit 

f,urc;::tional groups such as ethers or esters ~'t hi'gh tempeli'-' 
. . 

~ ature}7., However, if th~ above reactions ,(~quati.on 29) are 

~erformed"at ambient temperature by photolysi~, then organo-
,'" t1' 

~rlanes can be. very practical. The organogerma'nrUn1 and organo-
, , 

lead hydrides 'are considerably more expensive' than' organotin 

~ydrides and have not been studied véry extensiv'ely. The m~sel' 

commonly use~, reagents for" the free radical chain reactions in 

organic synthesis axe. thf}s triàlkyl tin hydrides, and they are 

the only metai hydr.ides used in the present work. 
, . 

The first report 38 on the reduction"of an' alkyl halide 
, 

with an organotin hydride appe~red thirty years ago.'It was 
"'< 

'23 
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soon followed by several mech~nistic ,investigations39 , and, i t 

ia now acc'epted that this reduétion p~oceed,S by a free 'radical 

chain propess. A typical 'frèe rad~cal 'c~ain .cycle' is depicted 

in Figure 3. A catalytic amount of init-iato~ ('usu~~ l'y AIBN) 
~ 

abstracts ~ htdrogen radic~l fr~m iributyJtin hYdçi~e' 
.. ~ 

generafing t'he tribut yI tin ttadical species' 21. The ti,n radicàI 

thén abstract,s a bromin~ radical from the'a~kyl halide, 22 
1 ~ , , 

'resulting in-th\e formation:of the organic radical 23 which in 

,', 
~ 

- , 
, 1 

turn can do either of the foilowing: it can abst,ract':a hyd'togen 
L 1:1 ,. " ""'. \ 

.. 1 ' • 

radica 1 fr01!l tribut yI t~n hydride to 9 ive the, reduct'ion produ'c~ 
~ .. .. .. . 

24 and reQenerate'th~ tin radical,speciei 21. Alternatively, if' 
- <!J-,. . 
an '\.lnsaturated moiety such as 25 is pre'~eht,i the o~,ganio 

- - .......-.... 

radic,al can undergo an :intramolecular cyclization\ yi~iding Ù~è_ 
1 l .. .. ~ 

organic radical 26. Abstraction of à hydrogen radical from 

tribut~ltin hydride gives the cyclic product and reg_ènerate~" 1 

-
the tin radical species 1!. 

.' 

25 t • 

." 

" 

J '24 

\' 
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The former pathwa~ leading to reduction, li will be 
, " 

favoured by a high concent"ratlon of tribut yI tin hydride « 0.1 
, ,-

.. '. 1 b 10,. 1/ '. 

M~. l,f the cyc1 i..~ed produpt i~ desired, low concentration (0.02 
.. -;. 

, , 
: . M, -R3SnH ) and/or very slow-addition of tribut yI tin ~Ydride' wi~ 1 

,l' _ • 

favour' th.e rntramol.eeular. cyel ization as the pred'omiriant 

pathway. 

Redox reac'tions 
. -

A re<;iox • reaçtion invoives -an o~idat~on .. teducti~n p~o-
, , 

"cess genera Il Y. of ~ trans i-t ion meta 1 sue}) as coba ~'t'~ 0, -si 1-:"" 

~er4l, copper42 , mercury43 or manganese17• A typical e~ample 18 
, . 

the' use of cobaloxime as the catalist (Figure 4). The Co~+ ll-
l .., 1 .. 

,generates the organi,c radical 1!!. and is 'ox'idized in the process 
~'~; .,. . 
to the Co 2+ state. Th:e organic radical May undergo Iva·rious ... 

, 
prop~g~tion proc,sses a~d'then f~nal1y abstracts a hydrog~n 

~ ~ \ '" 

radical from t'he sol vent •. The C02+ species is then reduced with .' , 

so.~Hum' borohyd'~ide back to its original Co l + varency. Since the 
. -

('... -, 

organic sypthetic chemist ~s~al~y prefers mild con~itions, 

these re~ox type reactions are not as pppular as the fre~ 

~adical chain re,actions discu~~ed prèviously~ 

-' 

, . 

: ' 

\ , 
. 25 ' 

... . , 

, 
,1' 

,1 

O"~o 
, tri' 

)::~o::x 
" Py) 
O~H"'O _.-

Cobaloxlmt 

, , . 
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linetic,analysis of the free radical chain reaction 

Using l-~romohex-S-ene and tributyltin hydride with cata­

lytic AlBN , the kineti~ analyS!is 'of a typical free radical' -.. ' , , 

chain reaction can- be easily derived from the sequence below44 

(equation 30 to 35). .. 
~ 

" , 

In~tiation: 
AIBN 

kl 
-+ ln' , 

' . . , 

,.- k2 
In' + ,Sn-H ..... In-H + 1 Sn~ (30) . 

~ , . 
Propaga t ion-: 

Sn' 
:k.3 

+ Br-R --+ 
4 

Sn-Br 1 T.t R' W( 31) 

k4 
.R· + Sn-H ....... Sn' + , R-H (32) 

R' 
KS 

R" 
k4 

~ + Sn-H --+ Sn,' + R'-a (33) 

Termi'nation: kt 
Sn· + Sn" ,~ Sn-Sn (34) 

'R' + R' 
'kt 
--+ R-R '(35) ) 

The overal~ r~te of reaction ~a~ be expressed as: 
- " 

rate =7d~AIBNJ=d[Sn-Br)1 = -d[R-Br]= d[in-H] (36) 
dt dt dt dt 

- ' . . 
" r &\ssuming a steady' state approximation, the rate of '~initiation " , 

',' 

• 

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

~qu,ation 35 to be the dQminant rate. constant for termin'ation we, 

obtain: 

, " 
. (37)-

,0 

. . 
26 \ . 
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At a low conce'ntration .of tributyltin hydride, the . 
intramolecular cyclization (kS) is favoured and the, -rate 

determining propagation step becomes k4 e 

ra te = k4 [Sn-Hl [Re) 

subs~itu~ing [Re] in equation 38 with TI, ,gives 

r,ate = k4 LSn-H] kl [AIBN), 
-- k 

t 

, ' 

(38) 

(39) 

in which the overall rate is proportional tq the square root of 

the rate of chain initj.at'ion and thus not v,ery sensifive to the 

initiator conc~ntratione 

For carbon ~adicals, the rate constant for termination in 

most cases is diffusion controlled, with = 

- Usually the radical concentration during the chain reaction 

(propagation steps) - ini tiated by Ithe catalytic amount of AlBN 

is ~1;;-'6 mole/l a~ inserting these values in equation 40, 

rate of· propa~ation k4 [~ll-H] [Re] 
----------~--~--------- > 
Kt [Ro]2 

1 (40) -------~----------- = 
rate of termination 

" 

\ 

, 

it can be estimated that k4 must be greater than 103 M-l-sec~l. . 

Usually, k4 and kS are far great~r ( 10 6 M""'i-sec- 1 ). Further­

more, sinee" the homolysis of a~iphatic amines (N-H) , aleehols 

27 
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Cd-H) and carbonyl moi~ties take~ place with rate k smaller 

than ,102 M-l·sec-l (at x:,oom temperature), these functlonalitïes 

a~e attacked so s~owly 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 
, " 

, Thè ring closure of the hexenyl .. r"dical' 2~ can' resul t in 
• 

the formation of the methylcyclopentane radical lQ (5-~ 
l , -'.. • ~ , 

'addition) and/or in the formation of the cyclohexane radical 31 

(6-endo ring closure). Thermodynam'ically, the secondary t:Çldical 
---:r , . 

11 is more stable than the primary radical 30. However, the 

.major product obtained at BOoe 15 methylcyclopentane45 (32/~~ 

98/2). F4ther investigation revealed that the mode of ring 

closure was Irreversible under these conditions and that no 

resonance hybrid was involved 46 , ie. 
\ 

that 30 and 31 are 

discrete species. 4-

-"-

• 
p 

1 » 
,/, 30 32 -

i , • 
r-

21 
" » 

~ 33 -
28 
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The 5-~-pro~ess proceeds in 
-, 

reg i'ose 1 ecti ve a highly 
... Jo 

fashion to' g ive' the thermodynamically less stable product. .. 
Several expl anations for this have' betEm put forward. Saldwin's 

• 
vector approach analysis 47 indicates that· the trajectorv for 

the incollling radical onto the unsaturated moiety to give the 

ring closure, will proceed through the least amount tf 

, 

J 
distortion in bond angle and distance. Accordingly, for the. 

cyc li za't ion o'nto a doubl e bond- {trigona l system), the 3 Çlnd 4 

endo-mode is disfavoured whereas the 3 to 7 exo- processes as 

weIl as the SOto 7 endo-processes are favoured. However, the 

'exo-mode of addi t ion predominates over the endo-process. For 

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

endo-modes are. ,disfavoured and 50 are the 3 to 4 exo':modes.1.'The 

S to 7 ~- an~~nd 7 endo-modes are favoured and the 

~-mode of ad~ition predominates over th~ endo-process •. 
,." ~ 

A second explanation has been provided by Julia48 • In this 

hypothesis, he considered the Most favourable transition state 

for ring formation of. the two radical intermediates 34 and 35. 
;- . 

The ~nfavourable non-bonding interaction between the pseudo-

ax iai prot'on a't - C-2 and the ~-proton at C-6 shou ld de­

stabilize the transition state 34 with respect to 35, 

_\ 

\ 
: 

~ 
, 

"-J • ',-

-J J 

I,t 

Î • 29 
1 
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~ R=H 
36 R=ctt~ - . 

o 

resulting in a more favourab-le S-exo-cyclization. Further . -"-

support for thi~ is the Cycl!zati6n of the tadical 36 where 
1 

the ~-methyl group .induces seve1re non-bonded interactions 
, --

affording only<:lthe S-membered product 49 • 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 tormation of the S-exo product SO • 

'. 

37 
o 

30 
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A numbe~'of theoretical'treatmentsS1,support Baldwin's 

vector analysis applbach for the alkyl radicalts' attack on the 

olefin beil)g the dominant interaction. "The. transition complex 

for the incoming nucleophilic radica.l on an olefii'llc bond 

, invol ves over 1 ap Qf the occupied 2p orb i ta 1 wi th one lobe of 

the vacant 11' * orbital crea"ting a fract,ional positive charge, 

wheras the" incoming radical becomes nega~ively charged (~ig 5). 

This transition complex, can be be more easily attained for the 

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

of centres is lower' than that of the 6-endo-m9de 34. 

The favoured ~-ring closure becom~s disfavoured, as 

expected, with increasing the chain length, and the preference 

of the exo-mode decreases in the series l-buten-3-yl, l-~enten-

4-yl, l-he~en-S-yl, l-hepten-6"::yl and l-octen-}-yl. Thus, the 

difference between ~he transition state for the exo- and endo­

ring processes become smaller for the larger flexible rings. 

Th,ere are sorne notable exception té the above rules. For 
( 

/ 
example, the S-methyl-S-hexenyl radical 38 and the 2-cyano-

1 

-',," radical 39 give predominantly the endo-prodU:.ct. However, the 

31 -
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ki"netic' data,52 show t'hat the 6-endo-,cycl izat ion is not 
t .. 

enhancéd, b~t because of starie interaction, it !~~he ~ate of , . . 
the 5-exo-cyclization which i's greatly retarded. - -

More, interesting than their r~giospecificity is the 
....... , ' 

stereospecificity of the cyclization reactions. For instance,_ . , 

the cycl~iation of 2-heptenyl ra~ical 40 g~ve'predominantly the 

cis diastereomer ilS3 , and ,similarly the acyclic radiçal 42 
, "-

" g'âve the ci-s-€used bicycl ic compound 43 as the major diastereo-- " 

mer 54• The preferential fo~mation of t~e cis isomers 

0# •• -cis/trans • 2 
" 41 (, ' 

4. \ . 
'" Co 

, 

,. ~ 

42 
43 

.. 
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most probably results from the favouraple electrostatic inter­

action of the dipo1ar transition states (Figure 5). An alterna- , 

ti ve' e'xplana tion55 has been ascribed to the effects of orbi ta 1 

symmetry. 

1 

Figure 5 

Intermolecular addition 

a-

• . _-----

.. , 

--

The bimolecular addition df a ca~bon,radic~l onto an 
, 

unsaturated alkyl moiety ls )considerab1y slower than .... the 

correspond1ng intramolecular cycl ization. The unfavo'ur'able 

entropy effect for bimo1ecular additions can be comp~nsated for 
• 

by using an eleçtron withdrawing group on the olefin (Mic~ael 

acceptor) in order to lower the activation enthalpy of the free 

radical addition. The rate of hydrogen abstracti'on from the 

organotin hydride by a carbon. radical is about 106 M-l-sec- 1,' 
... . 

and the intermolecular addition of,the radical unto an electro-

-philic olefin 'such as acry~ori~trile or methyl acrylate ls 
'''1 ) 

equa11y ca. 106 M-1-sec~1. In order to favour carbon-carbon - . 
bond format ion ovèr reduction, "n excess (lOto 20 eq.) ?f the " 

e1ectrophi 1 ic 01 ef in is necessary. Figure 6 out l,i "es the 

catalytic cycle for\inte~molecular addition reactions. The 

radi~al spècies i! adds onto the terminal bond of the electro-

33 
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philic.ol~fin exclusively, due to the therm~dynamic stability 
. 

, 'of" the radical intermediate 4S formed. Adduct 4S i5 stabil ized . 
by~ the electron wi thdrawing substi tuent (Y1 a'nd thus much le~s 

nucleophilic~. The ràte of addition of 4S to an electrophilic 

olefin is approximately 10 2 
F M- 1 sec- 1 and it is therefore 

, 
trapped by tributyltin hydride to give the product ~efore it 

can dimérize (or polym~rize) with the exeess ~ectrophilic 

olefine One condition which i's therefore' required in the 

int~~rmolecular, free radiqal r~ac,tion, is that the ~ucleophi 1 ie 
- . 

alkyl radicâl 44, m~st bé ·'~o~s·iderably less stabl,e than adduct 
, -, , . ' ... , ~ 

45. 

l' 

Bu,snX 
R 

~ 
y . , 

ft-X 

. The ster~ochemis'try of the intermolecular addition is 

foupd to ,be qontrolled'by both sterie (equation ~1) a~d-eleet-, 
- , 

ronic (equation 42) factors of the incoming radical 56 ,57. Thus: 
"-

the sugar radical 46 adds acrylonitrile substrate from the less 

hindered side of the furanose ring, to give ex~lusively the 

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

acrylonitrile to give the more constrained 

,34 

l, /. 

diast70mer 49,.). 
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(41) 

41 
,..' 
1 

• 
(42} 
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<', 

probably,because of the anomeric effect which stabilizes the' 

interm~diate radical in the axial forme 

The major side product encountered in the abo/ve int,er­

... mo1ecu1ar reactions is the direct abstract'i-on o,i ?l hydrogen .. 
radical from tributyltin hydride, resulting in reduction of the 

. . 
organic radical. One method to av?id this byproduct 15 by usi~g 

- organotin -compounds >such as ally l tribu'ty l t.!n 58 '(e'quation 43) o'r 

~' t;t'ibut.Yltin, acr~late59 (equation 44), - which act as, ~oth 

olefinic substrate and tin radical ch'ain propagato.rs. These 
, -

have beep used stoichiometrically to trap alkylraQicals and 
~ TA. -. 

9 i v~ :adducts in high y!e lds. In. this SB? re~ctioh, th~ r'aé(ica 1 
, , 

adds o~tQ the al'lyltin s~l;lstra~e, §.Q to give, ~term!f~~àte 
- "-

radical, il which then gene~~tes the tin radical propagator 52 

by disproportioQa,tion (Fig'ure :7). 
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CBAPTBR II : MODBL STODIBS TOWARDS THI3: SYNTHBSIS OF SBSBANIMIDK . 

Introduction 

Sesbanimide A (53), is a potent ant~tumor agent isolated 
r 

trom the seeds of' Sesbania dr~mmQndii60 and Sesbania punicea61 
'1 co 

in low yields' (10- 5 %). Its t'ricycl ic str'ucture is .n·ovel w.ith 
, "'. " 

respect to the three, rings l inked togeth~r by lling1e bonds. It 

has shown remarkable activity .against- ieukemia in, mice and 
-' 

notable inhibitor~_activity in the gr,ç>wth of human cancer ceLls 

in vi tro'62. The rèlati ve stereochemistry' of sesbanimide'~ was 

determined b'y ~-ray crystall.og'raphic anal ysis, but the absol ute 1 

stereochemistry has only been established recently through its 

synthesis. Pandit and coworker63a , followed by Schlessinge~ and 

Wood 63b , independently reported the 'synthesis of (-)-, 

se 's ban i m ide 5 4 • Subsequently, Terashima and Matsuda64~ • • J 

synthesized (+)-sesbanimide ~53, and through comparison of 
'- -

rotation with the authentic alkaloid determined the absolute 

configuration of the natural product to· be (+ )-seSJbanimide 
• 

53. 

. ' 

54 -
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Sesbanimide has also been the target of several model 

" studïes. pertaining in particular to the lacthi' and glutarimide 

rings6~, the latter ring ',b,eing a wi$3espread moiet"v in , 

glutarimfde ant-iblotics 67 sûch. as cy~lohéximide (55), and . 
" protomycin (56). 

,,~ -, 

," 
" 

Htc" . , 

,55 -

H 

H 
S8" " 

Most approaches repo.rted in _ the 1 i tera ture deri ve thé' 

ce"ritral ring B (57), from appropriately protected glucose 58 or -. -
the related pentose having the same relative stereochemistry at 

C-2, C-3, and C-4 where C-I and C-5 are masked aldehydes 67 • 

From these potential aIdehydes, the lactol (-r'ing' A) and 

. glutarimide (ring C) can, then be constructed leading to both 
, / 

enantiomers of sesbanimi'de. 

" 

, OH a . 
~~, Q,' 4 z~o 

.. 
57 . , '. 
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. In solution" the lactol ring of-'sesbanimide is in 
, " 

equil'lbt;.ium 'with the c.or'responding- hydroxy ketone' 59. The, 

hydroxy' keto'ne ;s' very base labi le, resul ting in the 

isomer:12:atibn of the double bond to the more stable conj'ug~ated 

system. ,60. In ,strong aéid, i t rearrangeS' to t,he furéi'n 61 wi th 

10ss of water68•· 

~
O~ 0,,: . ~ J '_ 

. lt--:-I· ---
, 0 

l "Cid 

l,' 

" 

" 
1 

,,_ ... -
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'Model Study tovards tl:le Synthesis of Lactol Ring A 

·The strategy we envisaged for the synt~esis of the lactol 

(ting A) moiety, was a mild free raiicai cyclization of an 
. \ 

, alkyl hal ide onto, a~ aëetYlerlic bond v ia a 5-~-dig-process. 

(Scheme 2).'~ommercially available 3-bro~o-2-butanone was thus 

ketalized with an excess of propargyl alcohol and catalytic p-
, ' 

toluenesulfonic acid at 600e overnight to give the ketal 62 in 
, . -

'80 , yield. Cyc~ization of 62 ~n boiling benzene containing 1.1 
" Q. : \... 

eq of tributylti~ hydride and AIBN (cat), ga~e after five 

-

hours, a 57 'yield of the cyc11c ketal 63 together with sorne 
t , 

product of reduction 64 (15 %) • 
. ~-

of ~ 

J~ of Me ,0 Me o Me Me-}-(· • Met{ + Me-t--Z: 
Sr 

o~, ,0 . o~ . 
'J ,. 11 64-

Scheme 2 . 
In order to test this sequence on a more comple« sub­

strate, and àscertain the usefulness of the recently ~escribed 

p-methoxybenzyl protecting group69, we next proceeded to trans-. . 
form the commercially avai lable 1, 2:5,6-diacetone glucose 58 

-into the bromo~ketone .10. Protection of the 3-hydroxy group of 

2! with p-methoxybenzyl chloride and tetrabutylammonium iodide 

gave a 95 , yield of 65. Hydrolysis of the 5,6-acetal moiety of 

1 1 

40 
~, 
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65 with 70% aqueous acetic acid then gave 87 .' <;>f the diol ll . 
• - The di-rect transformation of dioi 66 to the· acid !! uslng 

sodium ~~riodate and potassium permanganate. proved to be 

difficult: The p-methoxyben,zyl protecting group ~as oxidized 

giving mixtures of debenzylated diol, aldehyde ahd acid. In 

retrospect, this is not surprising since the p-methoxybenzyl 

fun~tional.itf can be rémoved using a mild oxidant such a~ 
, . 

qicyanodich~oroquinonè (OOQ). The-dlol !! was then oxidized 

wi th sodium periodate to g'i ve the aldenyde 67 as a crystaLl ine, . .,..... 

product in 90 , yield. 

HO 

HO 

- ( 

o 

)' 

.~ 

17 

~ 

After inves~igation of several oxidants, it was found , 

that s,ilver (I) or silver (II) oxides transformed the aldéhyde 
. 

!1 to the acid !! in 85 ~ yield. Treatment of the sodium or 

triethylamine salt of the acid 68 with oxalyl chloride at -IOoe . --
in methylene chloride, gave the corresponding acid chloride 69. -. -, 
This' a,~id chloride (69) was then, treated with exc~ss ,. 
diazoethàne at ooC (24 h), followed by addition of an excess of 

41 ' ,. 
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pyridinium hydrobromidè to afford the bromo-ketone 70 as an 8 

ta 1 mixture of diastereomers (36 %), ~hich were separated by 
.. 

flash chromatography. Ketalization of 70 with propargy1 alcohol 

o o o 

Il -

, aiso proved to be di"'fficui t. Using sever~l acid catalysts suct'i 

as p-toluenesulfonic acid, àcidic resin or chlorotrimethyl- _ 
~ .. 

silane resulted in hydrolysis of the ketal and p-methoxybenzyl 
~ 

moieties. The p-methoxybenzyl protecting'group was therefore 

removed with DOQ to give a 91 % yield of the alcohol 11. Cross 

~ '. ketalization of 1!'with the dipropargyl ketal of acetone 72 and 

acidic resin, then ~affor:ded 27% of the ketal li. Finally, 

radical cyclization of li in.' 0.02 M boili?g 1~1!.~ene with 1.1 eq 

of tributyltin hydride and AIBN (cat~ gave a ter 5 h ta.e cyèlic 

ketal 74 (56 %). This radical cyclization w s performed using 
- , 1 

the major diastereomer derived from 70, and gave only on,e 
1 

det,ctable diastere<>mer of 74. The radical è.y,cl'ization thus 

proceeded stereoselectively. However, we were unab~e to 

ascèrtain its stereochemistry by nmr and mass spectromètry. 

This cydlic ketal can~ in principle, be converted by ~ild . 

. hydrolysis to the lactol ring. 

. , 
", " 

42 
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71 
73 74 

" 

Since the' p-methoxyberrzyl' protecting group seemed to be 

unstable to acid catalyzed ketalization procedures, we investi­

gated lts stability to th~ thio-ketaiization procedure which we 
1 , 

were expect,ing to use t.o construct the midd le ring B of 1 

sesbanimide from the glucose derivative. When the methyl ester' 
"' 

75 was trea ted wi th ethaneth io l in the presence of "ca ta l y.t ic 

amounts of zinc chloride, both .ketalization at C-l and 

cleavage of the ether at .C-3 occurred te give ttte 
" 

co~responding p-metho~ybenzyl thioethyl ether 76. Although the 
• p-methoxybenzyl protecting group i6 reported to be stable to 

, , 
aqueous acid or base, we fQund that it is unstable to Lèwi~ 

acid promoted ketalization and probably esterification 

procedures. 
o 

, 

) 
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Model Studies t'owards 
Glutarimide t~e7hesis of 4~Substituted 

---. <' 
----~~ 

Rec~nt inS,erest 'fn the totti synthesis of sesbanimide, has 
. ~ 

led to numerous model studies on the construction of the 4-

substituted glutarimide rings67 ,68,70. AlI of these approaches 
~ 

are modifications of a welllfnown rnethod starting fr'om an a, {J-
. 

unsaturated ester 77, whicQ.can easil~ be obtained from a. - . • 
corresponding a,ldehxde by ~ Wi t tig reaction." The ester Ti is 

treated with the potassium or sodtum salt of diethyl malonàte, 

and the resul ting triester 78 decarbqmethoxylated with sodium .! 

" 
~ . 

chloride at 1600C in dimethylsulfoxidejwater to give the 
r • , 

dieste.r . .19. Hydrolysis with lithium hydroxide. yields the diacid 

80, which upon heating to 16SoC with 2'to 4 equivalents of drea 
- <\ • .Il 

gives the glutarimide in rsasc;mable overall' yields 71 (Scheme ~' 

3). 'Since this procedure, or its modif.ications is quite' 

-cumber,some, we sought a differeM approach involving a fre~ 

radical reaction. 

II 
. , 
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77 

Scheme 3 

~COOR 

,n~COOR, 
RO~ 

78 .., > -

~COOR 

~COOR 

~ÇOOH 

~COOH 
80 

The use of e~cess olefinic s~bstrates to t~ap organic -

radié'als yielding the corresponding 1,4- addition products 'has ~ 

r-
b e e n weI l 'd 0 c ume n t e d • l n 0 r der tom a' k eth i s r e a c t ion 

synthetically useful for the ~formation of 4-substituted glutar' .. 

imides, we ~~udied conditions for the addition of organic 

rad~cals \ genera~e,d ,in sit-u wi,tb tribut yI tin hydride, using 'as a 
, . 

modèl. sQbstrate the silylatetl glucose al- to obtain ~ither the , ----r-

corresponding diester or glutarimide directly. Thus, when the 
, • ~ l 

, (>. , 

,'-(x,'~-unsaturated ester 8172 and a twenty fold excess 9f methyl . ' ,-

bromoaé~tate were heated to aooe with a catalytlc amount of . ' ~ 

~IBN and slow' addition of tributyltin hydride over a 1:S h 

.. ,pe'~iod, a 30, % 'yie~d 'of the glutaratt 82 was obtained with 
, --.. fi j \ 

. recovery of oyer' ~O~ of the starting materiai. Removal of the 

,'.stannaries and recy:cling the crude reaction/product employing 

the 'sam'è conditions yielded S6,% diester 82 and 8 % starting 

, 

mat~rial. 
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Si=Si~h 2 + .' 

\ ' 
It should be noted that on more rapi~ addition of tribut yI tin 

hydride, or on dilution witn ~olvent, the yield of 82- was 
\; 

vanishing Iy ~mail. 
, , 

Addition of metnyi bromoacetate to methyl acrylate (83,) or 

met h Y 1er 0 ton a t e ( 8 4 ) i n ben zen eus i. r:l 9 , the con dit ion !? 

described, gave 85-% and 77 % yield of glutarate ~ and 86 

wi'thout recyci fng. 

'. 

1 
'R-CH - a 

. ,/COOR',' ~é~R' 
~~ '--+R , " , \ ') . ~ 

R ," ~\;' , 
" - ',COQR' 

!,.3 R=·H 

y.R=CH, 

\ "J , 1 

,. 1 

,. 

l ' 

.. 
" ' 

1 1 ~ 

, , ' 

More interesting ly, wh'en the abov.e reaction was carried '. 

out·with exce9'S iodoacetamide as the r,adical precursor, 81 as' 
. ~, \. 

the unsaturated ester component, and the mix~ure i~radiated 

. . 
46 
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> 
wit'h a tungsten lamp at 80 '- 90oC, a mixture of amido ,ester !2 
~ " ,. - .. lt 
and 9 1 utarlml.de 8S was obtained after recyol ing ~:mce. Further - . 

, , 

heating of this mixture at 1200C g,ave 64 , of glutàrimide 88" 

with aS' recovery of-SI. Higher yields could be obtained by - , 

, " c.yclizing thea isolated am,ido ester 87 by known methods 73 • A 

. ' 

~ 

, '\ 

similar -glutarimide derivative (88 R = Bn) has been con~etted , ,-
to 'the A/B rings of sesbanimide 67b• 

a 

.... 

" 81 

.. ;. 

" : The i.o~oacetamidè addition ,to m'e~htJl aCrYlat~~ate gave 

similllr mhtun's of ,,",-i~,,--e,,-~r~~~';::~ ~nd glutarimlde 91 

and 92' in 87 and 8"5,' % combined yield respectively. Further 
.," ,.; / 

l)eati~,g prov i~ded' glutarimides II ~nd 92' in gootl yield without 

recybling. In ail of;these réactions, none of the 1,2-addition 

'product was detected. 

... \ 
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C~DR 

--.+ ~ --+ 

, CONHz 

~ R=H,' 

90'R=CH, 

H 

U~=H 
92 R=CH 
- 3 

When ,the above iodoacetamide procedure was carried out on 
• 

substrate 74 !l, 
. 

containing the pCQtected middle ring of 

sesbanimi~e, the expected gluta~imide was not obtained. In-

stead it resulted in the cle_avage of the bêhzyl ether 

protecting group. Further investigation showed 'that treatme~"t 

~ Of'substrate 93 with an excess of iodoaceta~ide Jt BOoe for 

• 
" 

'. 

. - ' 

several hours, resul ted in deprotection giving'" the ,~lcohol 9'4. 

This ihdicates that the iodoacetamide as the" solvent MOSt . , 

likely forms sorne hydroiodic acid which is responsible for the 

èleavage of the benzyl ether group. This is n~t altogether 

surpris~ng, as other, Lewis acids' such as cBF3 at oOe are'known 

to cleave the benzyl ether functionali ty75., 

. , 

\ , 
, " 

\ ' 
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2~S~bstituted succini~ides by Free Radical.CYCl~a~ion:, 

'Since the 5-exo-trig intramolecular oCY~lizatio!" is 

.. generally fa voured over the al te rna te 6-endo-process, we 
1 • 

,inyestigated thé outcome for the free radical cycl ization of 

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

may be outweighed by the thermodynamical1y favoured 1,4-
, 
addition (6-endo-r;ing c1osure) onto the unsaturated imide. The 

- 1 

imide 95, obta'ined from crotonamide and bromoacetic an-
(J, ,--

hydride 72 , gave e'xciusively 2"'ethyl suc,cinimide 96 derived from 

a .5-exo-trig addition of the ~adicai. ta" the olefinic bond, 

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

invésti'gation" Clive and Beau1ieu76 re,ported that the intra-' 

mol~cular cyclization of a series of unsaturated esters aiso 

gave ~xciusively ,the 5-~-ring ~losure. Interestingly, recent 

i~vestigation by Porter and coworkers 77 have ~hown that the 
.. 

intramoiecular cyclization of, Iarger rings 'containing an 

unsaturated ketone, gave the 1,4-cyclpaddition product 

exclusively. 
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CHAPTER III : SYNTHESIS OF-TRICYCLIC AZETIDINONES BY 
INTRAMOLBCULAR CYCLIZATION 

Introduction 

Some common features of the classical p-lactàm anti-
, . 

'biotic;s such as penicillin ~ and cephalosporin 21, are the cls 
" ' 

configuration of the azetid'inone ring, an amidic side chain at 1 

, 
the 5 or 6 posi'tion and a carboxyl ic acid at the 3 or 4 

position respective1y, and a fused second 
.. { 

enQugh strain on the p -lactaI9 linkage 
-

rin~ which engenders 
. 

as to make it more 

reactive than its·monocyc1ic counterpart 100. A method of 
~ 

measl,lring the strai~ and hence 1ability of thi~ amide bond i5 

'through infrar'ed' spectroscopy. Monocyc1 ic azetidinones 
( 

exhibit the lactam ~requency at 1715 to 1720 cm-l, whereas the 
-

more strained bicyc1ic. azetidinone ex~ibits a higher amide 

-frequency at about 1765 cm-l. 
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During the past decade, bhere has been considerab1e 

interestS1 ,82 in preparing tr,icycl ic azetidinones of ,the type 

!Ql, where the double bond and ca~boxylic acid moiety of cepha~ 
, ~ 

loaporin ~ ia replaced by a phenol ic group. Whereas the mon.o-

cyclic precursorso 100 were devoid of any activity, sorne of the 

corresponding tricyc1ic azetidinones showed weak antibact~rial 

aètivity against sorne Gram negative species 83 ,S4. With the 

encouragement of these ·results, we decided to prepare the more, 
, \ 

st rai ne d. tri c y c 1 i c a z e t id i non es 1 0 2 (n = 0, 1 ). Th e car b a pen e m 

102 (n=O) is somewhat similar to the recently described fJ­

lactam antibiotic thienamycin (103),,, except that a phenolic 
--'. 

group replaces the Ot, fJ -unsaturated carboxy.lic acid function 
. 9 
of 103. The synthesis of ~hienamycin or carbacephems 102 (n=1), 

were previously achieved by ionic methods S5 • In view of the 
\ 

known instability of tric~clic carbacephems ·towards acids and 

nucleophilic reagents, we sought for a free radical method for 

their synthes is86. 

As suitable preçursors for the intramolecular free radical . 
an n e 1 a t ion y i e 1 ding lO 2, the ,rû d i cal s we reg e ne rat ad e i the r 

beta .(n=O) or gamma (n=l) to the nitrogen'atom of the 
. 

azetidinone 104, and a phenyl substituent (R) was chosen sa 

that the exo-mode of addition should be ravoured over the endo-

process. Similar free radical cyclizations yielding bicyclic. 
1 

azetidinones have been described elsewhere. 87 
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The monocyclic azetidinones lQ1 -109, were prepared by 

the known methods83 , involving the condensation of an appro­

priate Schiff basé with azidoacety1 chloride 'in -the presence of 

equimolar amounts of trieth'ylamine (Scheme 4, Tat>le' 4). 

, Reduction of the azide substituent using hydrogen su1eide and 
. 

triethylamine followed by acylation ~f the amine intermediate 
,p • 

with phenylacetyl chloride and triethylamine gave' fair to good 

: yields' of the' expected amid6 a~etidinones 1 i6 ..: ill. 
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105 - 108 -
Schema- 4 

~. ,. -

\'"" Table 4. Azido-azetidinones from the condenzatiol1 of a Schiff 
'base with aztdo acetylchloride. 

105 CH-CHPh -
106 C SiCPh' -
107 CHiIICH~h ' 

1'08 ' CH::aCHPh -
109' C!!! CPh 

... • 
Si :a t-BuSiMe2 

R3 

Br H 

Br H 

CH 20Si H 

CH20Si OBn 

CH 20Si H 

-, 

f' 

, Yield 
cis . trans 

48 

35 

85 

90 

87 

32 

35 

.-

Free radical cyclization' of 110 ( 0.02 M in refluxing 

benzene) with slow additio~ of triputyltin hydride and 

cata1ytic AlBN over a 20 h~eriod under an inert atmosphere, 

gave the reduction product 115 (15 %), tricyclic azetidipone 

116 (5 %) and the azep,inone 117 (35 i) to.geth,er with some 

. starting 'material, after separation using a neutral sil Ica hplc 
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co1umn. The configuratlon of 116 was assigned, basod on its 

coup1ing constant of 8 Hz (JH4-HS)' by ana10gy with 
• . 

diast~reomers 125 and 134 discussed be1ow. When this et!cyc1ic 

benzo carbapenem 116 was p1aced in an nmr tube (C'oC1 3)' it 
v. . d 

decomposed within ~ wee'k, and l!l was isolated "a~ t~e major 

product. Due to the instabifity of 116 in solution, the free -
radical ann~lation of 1'10 was repeated using 1,5 eq of 

, 
tributy1~in hydride over a shorter period 9f time (3 hr). After 

" evaporation of the solvent, the crude residue was redisso1ved~ 

in carbon tetrachloride, and 116 precfpitated as color1ess --- ~ , , 

"'-. crysta ls (24 %). The inf rared spéctrum of 116 disp 1 aye.à the 

azetidinone carbony1 frequency at 1805 cm-l, which is 

H 
R 

X ~) N'O .., 
+ AIBN .. 

110 X= Br 11& ~ --
lli X=H 

R=BnCO 

considerably higher than for less strained bicyçlic 

azetidinones su ch as cephalosporani~ acid ( 1765 cm- 1). The 

decomposition of 116 to 117 mos-t 1i~ely resulted via proton 

abstraction at CS with double bond formation' at C4-CS and" ring 
" . 

"opening at the 54-N position to give 117 which is closely 

re1ated to diazepam (see ~rrows,116). In order to avoid ~his .. 
decomposition, we decided to carry out the next experiment on a 

prop~rgyl azetid1none 111, where the re~ulting product 119/1lQ 
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• lacks the CS proton. 

Thus, the free, radical cyclization of 111. gave two .... 
tricyclic azeti~inones 119 and 120~in-a 4:3 ratio as a --,-
cry'sta1line mixture (31 ~,), mp 140 to 145 oC. Also, the 

reduction ptoduct 118 (27 %), some star~ing matetial and 

several decompos i tion products were obta,ined. The mixture of 

~ and 12,0 did no~ survive chromatograpny using various types 

tfsilièa and on1y 120 w~s recovered pa--rtially when neutral 

silica gel was used~ At~empts to recryst~llize this mixture 

a1so failed, givin~ decomposition in solution within a few 

days. From this decomposed mixture was isolated the azepinone 
- -

121 wh,ich Mast 1ike1y resu1ted via proton abs'traction at C3 

forming a 'do,ub1e{l~bond at C3-C4 and ripg opening at N-C4 of the' 

azetidinbne ringS 119 and 120, The infrared spectra of 119/120 - - - ~ ---
showed the azetidinone carbonyl frequency ,vibration at 1824 . 
cm-l. " ' 

1 ~ 

+ 

" 

111 X:Br - 1.1!/1.!9 121 

118 X:::H -
\ 

" 

" 
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Since the benzo carbapenems obtained were found to be 
• 

unstable in solution, ·we next investlgated the formation of the .. 
somewhat less strained benzo ·carbacephe.rns 1-0,2 (n-l). . ,-

, 
Desily1ation of 112 or 113 us)ing tetrabutylammonium f1uoride 

followed by bromination of the correspo~ding alcohol with 

triphenyfphosphine a-nd carbon tetrabromide , gave good yields 

of the 'bromo azetidinone 122 and 123 respective] If. 

H 
R • MBuI' 

> 

-' , 

"." . 

... 
, 

" . 

. ' 

112 R':,H 122 R':H -
113 R':OBn lE R':OBn 

1 

Free radida"i cyclization of 122 gave some redtÏction -
product 11! and 65 % of tricyc11c benzo carbacephem, mp 256~ 

oC, exclusively as the #less ctdwde,d diastereomer 125. The . - . \ 
fnfrared spectrum showe<t the a,zet.idi~onè carb~ny1. absorption ~t 

1755 cm -1 • This t.r{cyc·liè·prod~ct r'es'u~ting' from a 6-!.!2 
. 

addition was found t0 be highly ~tabl~ ~n sblutinn. Similarly, 

Ph 7/Ph 

~ H -

• 
.-. , 

~ l ; 

122 X=Br r - 125 - . 
124 X=H -- . " 
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123, X = Br - 127 126 X=H 

.. \ J, ... ,,, 

free radical cyclization of 123 gave the reduction pro9uct 12,6, 
\ " ' .. 

and a,good yield of the analogous tricyt:1ic azet'idinone 127 
" ". 

(70%), mp 273°C, which displayed the infrared carbonyl 
.. ... y 4 q 0 

vibration at 1770 cm-l. Hydroge~o1ysis of 127 using palladium - , 

on charcoal in DMF affor.ded an almost quantitative yield of 

~ tricycl ic Phe-nOl 12'0, JWhiCh 'd.~sPlaY7,d ~he oarbon~l 
" " f 

frequency at lower wavenumQ~rs , 1715 cm~l: d~e to H-bonding . , 

Pd 

0 
Hz 

.'" 127 " -
" 

( 

, , '« 
, -. 

) 

3 

" 

, . . 
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,of the phenol proton wi th the 'azet i'dinone carbony 1. 
, 

The 

presence of the az~tidinone, ~'as proven by si,l;(lation with 

Me3SiOl/Ét3N;'" which', 9,ave a' product' where the' azetidinone fr~-
, , l • " j • 

quency"reveited to its expected' pos;i tion at 177'3 cm-(' In both . \ 

,'of the a,bove cyc'lîzi=itions~ '110 diastereomer of 12'5/127 or 7-­

endo-cyc,l i ~ati~oduct' ·~~s det~cted. 
,Desi1y'lafion of the azetidin,one 114 with tetrabütyl4'mmo-

• , .... \ ,( q' 

nill,m "f1.ub~ide'· ga~~ ~ ~e~y lQw yie1d of ',the expected ~1cohol. 
The majo'r byproduct formed was an eight merqberèd 1act~m .!1.Q., 

which most likely resulted ~y nuçleophiliè ring ope~ing of ~he 

intermed i a te' azet ïd i 'none 131. The,; si 1 y l group was therefore 

",,"~J 
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The free cadical 'c,yc1ization of 129, .gave the 6-~-, 
• • 

intramolecular cyc1ization products as a 1:1 mixture of. 
o 

'ge~!".~tric isomers ,in over 75 % combined yiel~,""" ThE!'se tricyclic 

azetidinones 132 and'I33 were easily separated by flash chroma­

tography and their structures ass~gned unambiguously by nOe nmr 

èxperime.nts~ The tricycl ic azetid inones ill and 133, mp l89~ 
(nd 196 oC re~peotivelY, were found 'to be so~ub1e in Most 

',' ?rganic.'solvents a~d stable in solution. Interesting1y the 
1 

more steric,a11y crowdèd Z isomer 133 d~splayed'_a slightly 

higher azetidinone carbonyl freque~cy at 1753 cm- l as compared 

to 1748 cm- l for. 132. Hydrogenation ~f either 132 or 133 using 

pla~inum black as c~talyst, reduced the exocyclic double bond 

from the 1ess hindered s~de t~ give the more crowded tricyclic 

benzo carbacephem 134 as the 'only product,mp 236-237 oC. The 

coupling constan!: be'tween H-4 a.nd H-5 was, found to be '3 Hz, 

dist'inptly sma11er than for,i-ts diastereomer 125 (la Hz). The 
\' , 

inÉrar'ed spectrum showed the c_arbo'ny) frequency at 1768 cm-,l 

Ph 
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RN 
~, 

\ 129 --
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,~ 

... ..-/- . 
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132/133 - -
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which was, not surprisingly, 13 wavenumbers higher than its 

1ess constrained diastereomer ill. A different perspective of, 
, . 

the product for this reduction (f32/133 to !li), as weIl as its 

diastereomer 125 'ls shown in Figure 'S. 

o ~-o 

\ , ' , 

, 

13,2/133 - -
.. ' 

, ' 

1 1 " 

Fina1ly, a, mixture of f32 and 133 w~s ozonolyzed to give 
.. 

the ,correspondin,g ketone .!l1 i,n -go~d yield. Its infrared 
, , 

spectrum showed the azetidinone fr~quency at 1'793 cm- 1 and the , ' , 
, , 

ketone absorption at 17'22 cm-l,. This ,ketone w,as considérably 

1ess stable than it~'olefinic precursor, and slowly'decomposed 
" 

on silica gel.' 

\ 
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H 
R,N 

132 1133 - -

Conclusion 

) 

135 - \ 

O~erall, the infra réd data indicate a. trend of higher 

instability as the azetidinone carbonyl frequency increases 
.., "-' 

fJ:;'om 17,48 to' ,1824 cm- 1 (Scheme 5), and that the more 

cons~rained diastereomer or regioisomer display a higher ri -
"t' , 

1actam frequency. Azetidinones with the lac~am frequency above 
, ' 

1780 were found to be very unstable. Sinc~ a phenolic moiety 

with 'close proximity to the azetidinone carbonyl was found to 

stabilize the lactam linkage through hydrogen bonding, it wou1d 

be interesting to prepare the hydroxy1 ~erivative of carbapenem 

116. By analogy with 128, it should absorb at 1780 cm-l. 

The reactions carried out establish the usefulness of a 
. 

rad ical process for the carbon-carbon bond formation in 

strained azetidinones. These free radical reactions aiso giv'e 

good' stereochemica1 control in the intramolecular cycl ization . 

onto an olefinic bond. 
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CHAPTBR IV : STBRBOSBLBCTIVE SYNTBESIS OF -AUYLAZBTIDINONES 
f3Y PREE RADICAL CHAIN REACTIONS 

Introduction 

, 
The dis'covery of thien'amycin 103 as a fJ -lactam antibiotic 

has revolutionized the aêcepted structure-activ~ty concept with. 

respect to configuration around the azetidinone ring and the 
\ 

nature of' the sid~ chain of the azetidinone moiety. The int'ro+ 
, ' 

duction lof an analog of 103' as a Medicinal agent has led to 

renewed' interest in the modification of earli~r antibiotics . . , ~ 

such as penicillins 98 and cephalosporins 99 at the 6- and 7---
position respectively88,89. 

H 

RNl=()< 
o oe : 

. - ëOOH 

Rz , 

, . 
'. . " 

c~-

l :.. ~ 

Replacement of the amide in' 98 and 99 by an·alkyl group i5 - -, 

usual1y carried out in the fo~ lowing way. Diazo,ti zation - of 136' 

with sodium'nitrite and sulfuric acid, follo~ed by bromination 

with either sodium bromide or'bromine gives 137 or 138 

respectively. These bromo-derivatives can then be reduced to 

the dihydropenicillin 139. Metallation of 137 with methyl-
1 
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magnesium bromide or littliation of 139 with lithium di­

isoprop'ylamine then gives the 6-alkylpenicil1ins 141, after , o quenching with the appropriate alde~yde., The products obtained 

'are usually a dias~ereomeric mixture with sorne' epimerization at 

1 the c-s position of 141 resulting from an equi1ibrium of"140 
, \ ---

with 142 -via p-cleavage. In fact, the major side product' from 
1 

'the above reaction i5 found to be 143, which resu1ts from the 

d su1fide addition onto the carbonyl moiety of the intermediate-.. 

o 
. ' 

, J 

. , 9"':g)<,I' 

--+ \ 
N 

137 _ 

• t '1 

I,UI 
'"'" 

MQ~9Br ;r' J< 
-~) , 

, N 
ti' : 

fuR 
~' . .JÎ 

~ - , ËttR 

RIH) R)=r)< 
141 : 

fuR 
Of. 

- ~t 
143 

;., -

The widespread use of electrophilic olefins to trap carbon 

'radicals. generated from alkyl ha1 ides by a free ra,dical chain 

~echani/sm91, prompted us to investigate the suitabiiity of 6-

bromo- or 6,6-dibromopenicillanates as precursors for su ch 

o . tra'pping ,experiments. 
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Results and Discussions 

, 
",' 

the 6 a-bromo- arid 6;6-dibromop~nip11Ianic acids were 

prepared from' 6a-aminopenicillanic acid (6-APA) by known 

methods92,93 and transformed to their benzhydryl esters 144' and 

ii2 r e s pee t ive 1 ~ i n g 0 0 d Y i e 1 d s • Red u c t ion 0 f the 

dibromopenicil1anate 145 with an equimolar amou~t of"7 

tribut yI tin hydride gave 6 ~-bromopenici llanate 146 as the only 
, , --

diastereomer together with the reduction product 147. This 

latter type of reaction.was weIl investigated by Manhas et. 

al. 94 , who proposed ..t.hat the radical intermediate formed at C'"76 

abstracted the proton from the bulky tribut yI tin hydride from 

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

isomer. • " 

Br ,!Ir Br)JI rj( ... ... 
... BUJSnH - + J=f-!< AIBN > 0 N 5 

ëOOR fOOR 

HOtr*:t< 
ëODR 

145 146 " , , 

R = CHPh2 

~ 

" When an 0.1" M benz~ne solution of cis- or trans- 6-bromo-

penicillanate 146 or 144 and the olefin 148 (15 - 20 eq ) was -- ---. --
treated at sooe, with tributy1tin hydride over a 5 to 6 h 

. 
period, 30 to 35 % reduction product 147 and 40 to 67 % of 

. 
trans-penici11anate 149 were obtained (Method A, Table 2) • 
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Sma11er amounts of o1efin li! or faster addition of the tin 

hydride, reduced the yield of alky1ated product 149 and 

~nhanced the formation of 147. . 

.. 

yJ + 

" . . !!!. 

+ RED 

y - caDR 
CH 
DAc 

,/' 

Jj,;<* 
~ ëoœ tlt -

, 
The 6,6-dibr'omopenicillanate 145 can be direct.1y tt'ans-

formed to the trans producb 149 in" a one pot procedure' by 
-

first ref1uxing ,a tribu'ty1tin hydride (2 

o1efin (1~ - 20 E!q ) ,and s,low h.>', followe 
J • 

addition 0 'triQ~tyltin over a 5 h period, giving 

, , ,'similar overall yields (Method B). 

--ëoOR 

" 

UI 
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Treatment of 6,6-dibromo~enicillanate Y4S with excess -- . 
olefin and slow addition of trjbutyltin hydride over a 5 h 

~ ~ , 

o 

period, followed by evapora,t,ion of the ex cess olefin and sol",,: 

vent, gave after further reflux (2 h ) with 1.2 eq of tributyl~ 
, \ 

. tin hydride, 40 to _ 55 % reductio~ produçt and 35 to 47 % of the 

cis-peni~il1anat~ 151 as the major, diastereomer (M~;>d é): 

145. ---.--+ 

(. y 

H;trJ< + 

-
. I~ ËOOR 1.51 

• '. ,6 . 

--EOOR' 

Similarly ,th~ 3,3-dibr6~o azetidinone .!,gr prepared fram 

the.tribromosilyl ester and corresp~nding Schiff base wit~ tri­

phenylphosphine (Scheme 6), was converted by method A to the 

trans-product 153 (46%) exclusively, and via method C to the 

cis-product 15A (44 %), as ~the major diàstereomer- (6 :1). . ' . 

Br , " 

Br._~ Br " ' Br 

" 0 
N' 

0.......,...'.5-2 '() 
- '~OMQ 

Scheme 6 
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Ph 

, 8 .... 
Sn 
~ 

o NY'Il 
152 ~OMa 

(

COOMCiI 

1 . 
Sn 

, , 

) 

Ph 

N'Cl' ' 153 1 
- ~ OMa 

MaOO 

-~N o 154 

, ,6 z 

Table 5. Reaction of bromopenicillanates with o1efins 148. 

substrate olefin method 

148 
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Yield"· % 

149 151 trans ëis, 
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In aIl of the above free radical reactions, the use of 

tributyltin hydride ga~e considerable amounts of reduction 

,produot .ill. or .!22.. In ortler to avoid this major side ,reaction', 
-

we inyestigated the use of allyltributyltin which acts as both , 

the olefinic substrate and tin radical chain propagator' 
'-1 

(8H2 )95. 

Using either the cis- or trans-6-bromopenicillanàte with 

allyltributyltin (3 eq) and 15 % of azobisisobutyronitrile 

(AlBN) in toluene at 650C gave 95 % of the' 6a-allylpenicilla­

nate 156 (95 i) as the only detectable diastereomer after 45 

'minute~. Reaction of 6,6-dibromopenicillanate .ill wi th allyl­

tributYl~ (2.2 eqJ and AlBN (15 %) gave the 6 p-bromo,6 a -

allylpenicillanate 158 (60 %), 6,6-diallylpenicillanate 157 

(~2 i) and starting material (18 %) after 25 minutes at 800 e in 

toluene. Longer reaction time gave higher amounts of 157. 

Reduction of this mixture using tributyltin hydride transformed 
" , 

158 - into the- 6 p -a Il y l''Pe n ici 1 1 ana te 15 9 'as the only 

diastereomer in high yield. The stereochemistry of 158 was~ 
, 1 

established by nOe lH nmr experiment. Also, the above 

reactions did not proceed in the presençe of a ~~dica~ .. . 
scavenger such as 2,6-di-t~butyl-4-methylphenol (BHT), confir-

ming a radical mechanism. 

: 
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- < 
, , N')< +J=r~ 

t57 = tSi = 
~ ëoœ - r:oœ o 

<" 
.T(e reac t"ion t ime for the 'above 'SH2 proc.ess ~as observed 

"to be ~uch faster th~n that obtained from simple alky1 ~alides' 

c and al1yltributyltin ( 8 hrs at 80~oC )96. The rate .of conver­

siôn of 145 to, 15'8 lWas about th~ee time~ ~~stër97 ttran, t~a,\ of 0 

"144 to 15:6. Since a bromine substituent will stabi1ize Hie . . 

radical intermediat~ 1:60 more' than an alkyl or hydrog~n .. ··substi­

tuent, we can therefore postulate that the rate of réaction . 
• • 

i'ncreases wi tH an i,ncrease in' radical stab'i l ization for tne . ' • tl 

above ~H2 pr9cess. 

.. 
~ 

'" R 
.' , 

~ , . • 

.. . 

z 
. . 

.- H • Br. Qlkyl 
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The mechanism of the r e a c t ion mus tin vol v e ,a rad i cal·, 

" 

intermediate such as 160 which either adds onto an olef~nic 

bond or abstracts tbe hydrogen from' tribut yi tih hydrtde,,' from 
\~ 1. l, ' 

the less hindered side~f the azetidinone moiety. The minor 

diastereomer 149\ (or 154) formed from method C, most likely 
" 

results from sorne reduction of 145 to 146, whi..ch then adds onto 

H 
Br· ... ~\ 

;::tr-l -146 

y 

,c ' 
• Y 

' . Scheme 7 

Conclusion 

SnH 
) 

y 

1&1 -

~ ~ 

In summary, the' trib~tyltin mediated a~dition of' a 3-

a~etid:i:nyl ~"r\' 6-penicillan"1l ~adical to allyltributylttri or 

cons~tu.te a mild and .. . 
stereoselective'method for ~ntroduc1ng alkyl ,side-chaîns to . 

" 
a~ètidino~es. -

, 1 

'" -. 
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CBAPœER v : PRO~N, AND CARBON-Il NUCLBAR MAGNBTIC RESONANCE 

STUDIES'OF T~ AND c- AZBTIDI~ONBS, 

Introduction 

A number of technr~ues have been put forward for ~ in 

the configurational anaJysis of azetidinones. If both carbon':"3 " 

and carbbn-~ bear proton su~stituentsl IH nmr spectroscopy, in 
o 

.~ 

most instances, makes the distinction between T and 'C arrange-

me_nts of H-3 and H-4 possible·. For polysubst::ituted azetidi­
) 

nones, howeve~, no su ch fast and generally applicable sp;ctro~ 

.~~6pic technique appêars. available. Using IH n'mr s'pectroscopy, 

the interpretation of chemical shift, val ~es98 and nOe measure- ' ' 

ments99 have provi<;1ed reliable 'l;'esults' only in selected cases, ' 

~o that chemical degradation qf polysubsti tu~ed 'compounds was 
, ' 

necessar~lOO. X-ray crystallography h~nges on the av~il~bility 

of crystals and is both costly and tim~ consuming lOI • Using 13e 

nrnr sp~ctroscopy, la - 13C 'long range coupling-cohstants ha~e 
j .; l, 

been measured102 , but 13e chernical shift values of azetidinones 

have only been interpreted for substituent ,effectsl03~ 
, ","-,' " 

" 

" 

,. . 

, ,~ .... ~ ~ _______________ " ___ ",, __ ~ ____ !,,.,., ____ ... __ .. ~ .. __ .... _ .. __ .,.-___ -.r _____ ... ____ ..... _ .. 

, 
, p 

,\, The Rand S desi~nati~rt for,the C (cis)'and T (t~ans) 

azetidinone pairs·ar~ listed in 'thei·r corrosponding Table ( 6-

11) , _ 

, 1 

_. , 
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In carbohydrate chemistry, IH and I3e nmr chemical shift 

'inform~tion has been used for mahy years for,conformational 

-0 a1'la'lysis I04 ,lOS, anç:l the data of Perlin and Koch 106 indicate 

that the'net shieldlng of I3e nuclei Qf 'isomeric cyclohcxane 

o 

• 

derivatives iocreêLse~ additively with an increase in repulsive . -. 
non-bonding interaction within the molecules. However, studies , ~ 

, 

of" this kind have not been' undertaken using azetidinones ..... as 

substra tes. 

This chapter _ describes Ithe effe'ct of TIC isomerism, Le., 

changè~ i,n conformational strain on toe' chemical shift values 

bo~h'of azetidinone ring carbon atoms (13C nmr) and of protons 

attached _t~~e-azetidinort~ nucleus. 

" 

Results and discussions 

The azetidinones under investigation were prepared in the 

course ol projects desc}:"ibed, in chapters threJand fo~r, and 

were synthesized: vi! the reaction of an acid chloride and a v . ' 
suitable -Schiff base in the presence of trietnylamine (Scheme 

8).' In general, mixtures of i..somers ·were obtaj.ned, with the 
",. 

ratio of isomers being depe~dant upon the Schiff base and the 

solvent used l07! and both isomers were isolated by column 

chromat·ography. The T and C configuration of the azetidinone 

'was det'ermined from the coupl ing constants observed at H3 and 
1 

H4 of the az~tidinone nucleus( i.e., J= 2-3 Hz for the T isomer .. 
and J= 4~5 Hz for the C isomère 

,t 

: 
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o + CH2CI 2 

or THF 0 NR4 

T 
-',' }ç;.' 

Scheme 8 

CompounQS 169,170 and 181,182 were obtained from Bristo1-

'Myers, and B1i Lilly respectively. The polysubstituted 

azetidinones 183 to 190 were prepared by a method ana1ogous t~ 

the one described above, and their T and C configuration 

assigned unambiguous1y from nOe studies, which" Were made 

- bpossib1e by the favourab1e.rnethy1 substituent at carbon-3. 

Monocyc1ic azetidinones bearing a proton at carbon-3: 

Table 6, \ lists the 13ç chemical shift values for the 

azetidinone ring carbon atoms, together with the surns of the 

chernica1 ~hift v~lues for carbon-2, carbon-3 ~nd carbon-4, 
• 

~a1cu1ated in orde~' to investigate a potential Perl in-Koch type 

re1ationship. Table 7, shows' the corresponding 1H chemical 

shift values. 

The 'carbony1 resonance (carbon-2) proved to be the least 

affected by TIC isomerism of aIl ,the' three ring carbon 

resonances, with differences in c;hemica1 shift values between 

corresponding T and C isorners of ca. 0.6 ppm. T~~ carbon-2 

resonances for T isomers were found either downfield or upfield 

o of the resonances for corresponding C isorners. For both carbon-

75 ... 
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Table 
. , 

6: 13C nmr chemical sh ifts of 3 ,4'-dis~b~ti tuted azetidil)ones. 

- --
4 ~ 

TIC RI R2 RJ R4 C-2 "C-J C4 ... Cring J 

161 (2R,3R) and (25,35) T 162.1 70.35 "' ... 64.94 297.4 
N3 H CH=CHPh o-BrPh 

162 (2S,3R) and (2R,3S) C " 163.0 67,.69 62.93 29J.7 

163 (2R,3R) and (25,3R) T 161.8 71.43 53.76 287.0 
'N H CECPh o-BrPh 

164 (2S,3R) and (2R,3S) C 3 
162.4 67.46 53.46 283.3 

165 (2R,3R) and (25~3R) T 1 164.4 65".28 59.46 289.1 
NHCOBn H CH=CHPh ' o-BrPh 

166 (2S,3R) and (2R,3S) C ,1 163.9 63.37 59 • .35 286.6 

167 (2R,3R) and (25,3R) T 164.5 64.30 53.73 282.6 
NHCOBn (-H ~"C=CPh o-BrPh 

168 (2S,3R) and (2R,3S) C 165.5 59.22 53.62 278.4 

.J 169 (25,3R) T OH 172.6 69,.14 S8.12 299.9 

170 (2R; 3R) C MeCHC~i H SCPh3 tBuSiMe 2 
171.9 64.23 60.68 296.8 
-

171 (2S,3R) and (2R,3S) T 165.0 65.15 63.80 294.0 
H Ph ~h p-MeOPh 

172 (2S,3S) and (2R,3R) C 164.1 64.93 62.99 292.0 

, 
& .. 

'. , • 
. -...J 

- 0' f " 0\ 

'. 
() 
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3 and carbon-4, the T isomer resonances were detected downfield 

from their corresponding e isomer resonance, with maximum 

downfield shifts of 5.1 (carbon-J) and 1.0 (carbon-4) ppm. \\'e 

noted that carbon-3 resonances invariably displayed la'rger 

downfield shifts than carbon-4 resonances and, thus, 

subtracting the chemical shift values for carbon-4 from that of 

carbon-J yielded numerical values which were consequently 

larger for T isomers than for C isomers, by an average value of 

3.2 ppm. Similarly, the surns of the chemical shift values for 

carbon-2, carbon-J and carbon-4 proved ~o be larger for T 

isomers than for corresponding e isomers, as postulated by a 

perlin - Koch type relationship. 

Contrary to the pattern<observe~ for the resonance for 

carbon-3 and carbon-4 in 13e nmr, in the IH nmr spectra bo~h H-
• f" 

- 3 and H-4 resonances for T isomers were generally found upf ie Id 

of thè resonances for corresponding C isomers •. Accordingly, the 

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

were smaller for T th an for corresponding C isomers. The 

presence of two phenyl substi~uents at carbon-3 and carbon-4 
/ 

(171,172) caused exceptional chemical shift values f,~r both the 

H-J and H-4 resonances. 

Bicyclic azetidinones : " 

Tables 8 and 9 list the I3e and IH nmT chemical shift 

values, respectively of the T and C isomers of penicillanates 

173 lo 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 
'l". 
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(Table 6) with differences in chemical shift ~alues between the' 

T and C isomers being more pronounced at- carbon-6. The sums of 

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

x 
1 

T COORa c 

0, 

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 TIC pair of penicillanates 181 

and 182, ca~sed exceptional chemical shirt 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 

TIC pair. A similar trend was found when the sums of aIl the· 

l3C cheJ'nical shift values for aIl the carbon resonances were 

considered. On closer examination, it was found that the amide 

carbonyl resonance for the Ç""isomer (182) was 5 ppm downfield 

from the corresponding resonance for the T isomer. A possible 

ç~xPlai~ation-for this, may be the shielding cone of the 

sulfoxide group (beta) which can influence the amide. 

substituent in 182 by dipolar, H-bonding .or anisotropie 

interaction. 
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Table 8: 

TIC 

173 (SR,6S) T 

174 (SR,6R) C 

175 (5R,6S) T 

176 (5R,6R) C 

177 (SR,6S) T 

178 (SR,6R) e 

179 (5R,6S) T 

180 (5R,6R) e 

181 (SR,6S> T 

182 (5R,6R) e 

~ 

0' fi> 

I3e nmr chemical shifts of penicillanates. 

RI R2 R3 X C-5' C-6 C6+S Cring . en 

66.48 60.74 166.9 294.2 1940 
CH2CH2COOMe H eHPh2 -~ 

66.96 52.42 167.0 286.5 1931 

66.62 60.53 168.4 295.5 995.5 
CH2CH2CO.?J1e 'H CH3 

66.27 
, 

53.16 168.6 288.0 9a5.2 . 

66.04 59.89 166.8 292.7 ' 1815 
C~CH2CN H CHPh2 

.. ) 
66.35 52.51 166.8 285.6 '1805 

r==' 
69.73 60.62 167.0 297.4 1942 

CH2<;:H'=CH2 H CHPh2 
66.70 53.17 167.2 287.1 1931 

77.96 64.85 168.2 311.0 1459 
NHCOCH 2OPh H CHl - 0 

76.52 66.46 168.2 3f1.3 1465 

~ , 
~ 

~ 
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Table 9: 1H nmr chemica1 shi~ts of penici11anates. , , . . 

TIC RI R2. R3 X H-5 H-6 H6+5 Hn 
173 (5R,6S) T 5.07 . 3.35 8.42 31.1 ~ 

174 (sR,6R) C CH2CH2COOMe H CHPh2 
5.47 3.65 9.12 31.6 --

175 (5R,6S) T 5.13 3.36 8.49 31.2 

176 (5R,6R) C CH2C~20Ac .. H CHPh2 
9.13 31.8 5.46 3.67 

177 (sR,6S) T '5.13 3.40 6.53 27.7 
178 (5R,6R) C '.CH2CH2CN; -: H ,CHPh,2 

3.69 9.20 28.2 5.51 
(SR,6S) 

, 

179 T,l' , ' 5.15 3.38 8.53 36.4 f " .', 
1. 

.CH2CH=CH2 H , CHfh 2 180 (SR,6R) c. 
5.4~ 3.68 . '9.12 36.8 

/ 

181 (SR,6S> T " s.OS 5~41 10.5 26.3 

182 ( SR , ,6R). NHCOCH20Ph H C;~3 0 
Il.1· , 27.0 C 5.03 6.09 

... 
" 
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~ 
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For the IH ch.emical shift values (Table 9), on,rthe other 
/ 

hand,'the suros of the chemical shift values of 1-3 and 8-4 

~ resonances were larger for· the C isomer than for correspondin9 

T isomers. 
, , 

3, 4-Trisubst i tu~ed azetïid inones: 

The réplacement of a proton at C-3 by a methyl group (183-

190) reduced the range of che~ical shift values for the C-2 

resonance for T a~d C isomers, with differences in ~hemical 

shif~ values between the T and C isomers' averaging 0.1 ppm., The (" 

C-3 resonances for the T isomers of TIC pairs were detected 

both upfield o~ downfield of the C-3 resonances for the 

corresponding C isomers, and no'consistent pattern was 
, 

observed. C-4 resonances· for the T ispmers, however, were 

without exception located upfield of the corresponding C isomer 

G~ resonances,with the average value of the ~pfie'ld Shif~ be,i,ng 

2.1 ppm. InterestingIy, t.he sums of the chemical shifts of the 
, 

C-2·, C-3 and C-4 -resonances were smaller for the T isomers than 

for the C isomers. In 'contrasE tb the strong in.fIuen'ce of an 

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

(.!]2,188 to 189,190) did not have ,a similar effect, with the 

ring Carbon resonances for both th.e T and the C isomers under-

going chemical shi~t changes of similar magnitudes, th us 

resulting in retention of the general pattern of their chemical 

shift values. 

• 
; 
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183 

184 

185 

186 

183 
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184 

183 

184 

CD 
\N 

~;-v, . '. if!.. . .l;.'l..,~!:,.~ ~ ~,_J 

" <J o o 
" 

.... " 
" 

a. _ 

\" 

Tab~e- 10: 13C nrnr ch~rnical shifts Qf 3,4-trisubstituted azetidinones. 

TIc RI R2 R3 
(25,35) and (2R,3R) T 

(2R,3S) and (2S,3R) C 
N-phtha1oy1 'CH3 CH=CHPh 

(25,35) and (2R,3R) T 

PhO CH3 ... CH=CPh 
(2R,35) and (25,3R) C 

~ 

(25,3R) and (2R,35) T 

Ph ~H3 Ph 
(2R,3R) and (25,35) C 

• 
(25,3~) and (2R,3S) T 

(2R,3R) and (25,35) C 
Ph CH 3 Ph 

..A 

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

"-... 

R4 C-2 

163.5 
p-MeOPh 

163.4 

165.1 
p-MeOPt:l -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 

-" 

~" 

" 

C-4 Cring 

65.00 299,0 

66.47 299.4 

65.59 321.-6 .. 
68.07 -322.l 

62.62 298.3 

64.76 302.3 

63.66 300.1 

65~4 304.5 

'" 

., 

... 7 
.j 
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" 

Analogously to that observed for the C~4 resonances, the 

proton chemical shift v~lues for the T and C isomers were 

Oreversed in 3,4 trisubst!tute'd azetidlnones, and the H-4 

o 

resonances (Table 11) for the T isomer ~as downfield of the H-4 ~ 

resonances of 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 l3C and lH nmr spectra for TIC pairs of 

azetidinones showed that both the l3C che~ical shift values and 

the lH ~hemical shift values for azetidinones 161 to 112 and 

183 to 190,or penicillanates 173 to 182, differ dtstinctly for - - .' '-,./ -- . "' 

pairs of T and C isomers. This May provide an additional 

analytical to~l for use in configurational analysis particular­

ly in t'he case of polysubstituted azetidinones_, 1" 

'\ . 
1';.. 1 '. 

1. 
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Table Il: lH nmr chemical shifts of~,4-trisubstituted azetidinones. 

. TIC RI "R2 R3 R4 H-4 C3-CH j H4+Me 
,..a 

1 

~ 
183 (25,35) and (2R;3R) T 4.94 1-~91 6.85 , , 

184 (2R,35) arid (25,3R) 
N-phtha1oyl CH3 CH=CHPh p-MeOPh 

" C 4.71 2.17 6.88 
.' 

185 (25,35) and (2R,3R) T .4.86 1.'65 6.51 . 
CH=CPh p-'MeOPh PhO . CHl' 

186 (2R,35) and (25,3R) C 
.",' ... ç: ~ ~ 4.63 1.72 6.35 

'" .. 
183 (2S,3R) and J2R,3S) TL 5.21 1.23 6.44 

.... Ph .. 'CH3 Ph p-MeOPh _ ~ 184 (2R,3R) and (25,35) C 5.03 1.92 6.95 

183 (2S,3R) and .(2R,3S) T 4.93 1:.16 6.09 

Ph 1* C~3 Ph H 
184 (2R,3R) and (2S,35) C 4.75 1.86 6.61 

" 4! 
- ~ e 
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CONTRIBUTION TO KNOWLEDGE 

, 

1. Free radical addition of methy1 bromoacetate ante a, 

p-unsaturated esters 81, 83 and 84 gave exc1usive1y the 1,4 - - - --

Michae·l adducts 82, 85 and 86 respective1y in high yields. 

2. Analogous1y, 4-substituted glutarimides 21, 92, and 88 

were obtained in good yie1ds using iodoacetamide as the 

radical precursor. 

3. Tricyclic carbapenems 116, and 119/120 were obtained by 

free radical cyclization of an appropriate monocyc1ic N­

substituted âzetidinone. These strained tricyclic 

azetidinones were found to be unstable in solution, aQ4-t~ 

exhibit- exceptiona11y high tl-lactam infrared frequency. 

4. Tricyc1ic carbacephems 125, 127 and !l~/lll were 

" synthesized analogously and found to~ be.much more stable. 

Hydrogeno1ysis of 127 gave the tricyc1·ic phenol 

carbacep,hem .!l1 which gave an unusually low (3-1actam 

f,re'quency.resu-lting from hydrogen bonding, wheras 

ozoRo1ysis of 132/133 gave the keto tricyclic carbacephem 

135, which was less stable than the above tricyclic 

ca~bacephems, but more stable than fhe benzo cabapenems. 

5. A stereoselective method for the syntheses of cis- and 

trans-6-alkylpenici 11anatés~--and 151 res~ecti ve-
-., 

\ 1y, was developed using a free radical chain reaction. 

Similar1y, N-substituted monocyclic cis- and trans-3-

a 1 k Y 1 ~ z g t i d i non e s 1 5 3 and 1 5 4 r e,s p e c t ive 1 y , we r e 

synthesized. 
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'Bxper iaental 

The nmr spectra were recorded on a Varian XL-200 or XL-300 

spectrQnteter using TMS as internaI standard and chloroform as 

the solvent (unl'ess otherwise specified). The chemicai shift 

(4') and coupl ing constant (J) are quoted in ppm and Hertz 

respectiveIy, and their assignments were determined unambigous-

Iy ~N decoupling, nOe or 20 experiments when necessary. The 

i n f ra r e d s p e ct ra (i r , "max) w e r e r e cor de don a P e r k i n E l mer 29 7 

and the v~lues quoted in c~-I. Mass spectra (ms) were obtained 

on HP 5984A or Dupont,21-482B mass spectrometers, ion source 

250 0 and 70/eV electron impact, direct inIet; m/z 
. 

(assignment,relative intensity). Melting points were determined 

on a Gal I een k a m p b 1 0 c kan d are u n cor r e c t e d • Col u m n 

chromatography was performed using Woelm Silica 32 - 63 micron 

size" 

" 
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Experiméntal : (Chapter II) .J ( 

--3"-8rOlllo-2, 2-bis (o-propargyl ) butane62 

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

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

were stirred overnight at ~oom 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 ~g of product (40 %) after,distillationi bp 

75-80 0 C at 12 mm-Hg:' IH nmr (CDCI3): 1.49 (s,3H, CH 1), 

1. 6 9 ( d , 3 H , C 4 - H , J = 5 • 8 ) ~ 2' • 4 1 (t, 2 Ir,-C-1 ' - H ), 4 • 1 5 ( d d , 1 H , e 3 - H , J :&: 

5.8), 4.18 (m,4H,C3'-H); ms (210 0 C): 229 (M+~ 0.3), 189 (M+'­

C3H30, 6.8),91 (M+'- è6 H6 0 2' 13), 65 (28),43 (100). 

Radical cyclization of 62 

Tributyltin hydride (500 rng,2.l8 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 80c e 

under an inert atmo~phere. The mixture was cooled, the solve'nt 

removed and the residue dissolived in acetonitri le and washed 

three tirnes with hexanes (30 ml). Th'e solvent was te·moved to 
• 

afford the cyclic. ketal §l as an oil; 1H nmr (CDCI3); 1.11 

( d , 3 H ~ C 2 - H , J = 8), 1. 4 8 (s, 3 H', CH 3 ), 1. 8 5 (d d , 1 H , C 2 - H, , J = 8), 2 • 3 3 

(t,lH,CI,-H,J= 2), 4.17 (d,2H,C2-H,J= 2), 4.23 (m,2H,CH2'-H), 

4.88 (m,2H,C=CH2)' 

1 
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3-0(p-_ethoxybeQzyl)-1,2:5,6-di-O-isopropylidene-D­
Qlucofuranose 65 

To a stirred suspension of sodium hydride '(0.8g', 50\ oil 
. 

dispersion,16 mmole) ,in 50 ml of dry THF at 10?C under an inert, 
, 

atmosphere, w,ere added diacetone glucose (2.6g, 10 mmole) 

followed by tetrabutylammonium iod'ide ,(0.1 g, 0.3" mmole). 

After 15 min, p-mèthoxybenzyl chloride (1.56 g, 10 mmole) was 
, 

added dropwise, and the mixture was then refluxed for one hour, 

cooled ta room temperature, and the excess sodium hydride 
~ 

neuti\alized with g,laci~l acetic acid (1 ço 2.(1). The solvent 
1 

was removed, the residue dissolved in ether (100 ml), washed 

wi th aqueous sodium bicarbonate (5 %, 50 ml) and and then wi th 

brine (50 ml). The organic extract was dried ~ith MgS04 and the 

solvent removed to give an oil. The oil dissolved in a mixture 

of ether and hexanes (1 : 9), ancf-the soluti'on fi 1 tered thrO'ugh 
p 

celite. The solvent was removed to give 3.7 9 of product as a 

pale yellow oil (9a
l
,'); lH nrnr '(CDC1 3 ): 1.30, 1.36, 1.40 and 

, 
4.6 '(s,2H,CH2-Ar),' 

5.9(d,lH,CI-H,J= 3.6), 6.80 - 7.40 (m,4H,Ar-H). 

j . 
3-0(p-methoxybenzyl)-1,2-Q-isopropylidene- D-glucofuranos~66 

Diacetone g'lucose 65 (0,.56 ,g,1.47 mmole) and acetic acid 
J 

(70 " 3 ml) were heated to 70 0 C for 45 min. The mixture was 

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

Methylene chloride (20 ml). The organic exttact._was washed with 

brine (20 ml), dried over MgS04 and and the sol vent reIUoved to 
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give the diol 18 as an oi~ (480 mg, 96 \). lH nmr ( CDC1 3): 1.32 
, 

and 1.48 (s,3B, CH 3), 2.9 - 3.~ (bs,2H,C5-0H and C69H)~ 3.83 

(s,3H,OCH3)' 3.75 - 4.10 (m,3H,C5-H and C6-H), 4.13 (s,2H,C3- H 

and C2-H), 4.6 (bs ,\3H,CH2-Ar and C4- H), 

3 .. 8), 6.8 - 7.43 (bs,4H,Ar-H). 

3-0(p-methoxybenzyl)-1,2-0-isopropylidene D-glucofuranaldehyde 
67 

Sodium periodate (17.4g, 81 mmoi) and water (100 ml) were 

added to THF (100 ml) and diol 66 (7.3 g, 22 mmo1) at ambien-t - --
temperature. After 2' h,' tl'Je precipitate was filtered off, 

washed with water (50 ml) and ether (50 m!), and the combined 

filtr .. ate concentrated to half volume under reducud pressure. 

The product was extracted three times wi th ether (100 ml), and 

the organic extracts washed wi th brine (100 ml) and then dried 

over MgS04' The solvent was removed, to give 5.6 g (8? \) of 

aldehyde 6T-as a pale yellow oi11 lH nmr (CDC13): 1.33 and 1.46 

( s , 3 H , CH 3 ), 3 • 8 1 ( s ~ 3 H • 0 C H 3 ), 4 • 3 ~ ( d , 1 H , C 3 - H , J = 3 • 1 ), 4 " 4 5 
. 

(d,lH,C2-H,J= 3.8), 4 • 5 6 ( d d ,.2 H ,OC H 2 - Ar, J = 6 • 4 , 1 6 ) , 4.66 ,. 

( d , 1 H , C 4 - H " J = 3 • 7 ) , 5 • 1 5 ( d , 1 H, ' C 1 - H , J = 3 • 8 ) , 6 • 8 - 1. 2 6 
. , 

tm,4H,Ar-H), 9.20 (2,lH,CS-H,J=1.8). t 
1 

3-0(p-methoxybenzyl)-1,2-o-isopropylidene D-furanoic acid 68 \ 
oC> 

A suspension of si 1 ver{ l )oxide 
R 

aqueous s~dium hy'drox-ide (5 %, 30 ml) 

(4.2 g, 18.2 mmol) in 

were added dropwise to 
a 

THF (30 ml) and ~ldehyde §1. (5.6 g, -18.2 mmol) at ambie1it 
'-' 
"'" ternperature. This' exothermic reaction wâs kept be'low 30°C. 

After an adcÜtional 2 h of ---sti~ing, the precipitate was 

f],.tered off and washed' with water (50 ml) and THF (50 ml). The 

'-
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combined filtrate was concentrated to 60 ml under reduced 
" 

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

• 

with aqueous hydrochloric acid to a pH o.t' 2.Ô, and extracted , .. 
twice with ether (50 ml). The organic extract 'lias washed with 

. 
brine (50 ml), dried ~ver MgS04 and the solvent removed to give 

an oil which "crysta'll ized on ref~J.geration. Recrystall i.zati'on 

using etlier/hexanes gave 4.7 9 of colorless product (87 i), mp , .. 
96-101 oC; 1H nmr ( CDCl 3): 1.34 and 1.46 (s.,3H,CH3)' 3.8 

(s,lH, OCH 3), '4.26 (d,lH,C3-H,J= 3.8),4.5 (s.,2H,CH2), 4.53 
1 

,(a~ 1 H , C.2 - H , J = 3. 7 ), 4 • 8 (d, 1 H , C 4 - H , J = _ 3. 8 ), 6 • 0 2 ( d , l H , C 1 - H·, J = .., 
3.6), 6.66 - 7.'2 (m,4H,Ar-H), 9.32 (bs,lH,O-H). ms ( 60 ,oC):. 

324 (M+', 1.0), 279 (M+' - ~OOH, 4.0), 220 (15), 205 (6), 180 
-,. , 

(2.5), 153 (19), 152 (84), 138 (64), 135 (8,6), 121 (84). 

3-0(p-methoxybenzyl )-1,2-0-isopropy 1 idene' D-g 1 uoofuranoy 1,. 
Chloride !! 

) 

Glucofur~oic acid.68 (870 mg, 2,7 mmo1) ard triethy1amine 

(2.0 ml) were stirred~for severai min, and the excess triethyl 

amine removed \.Inder reduced pressure. The residue was 

azeotroped with toluene (10 mIt) to give 988 mg (100 %) of pale .-
yellow c~stals.· This sal-t...,was then dissolved in methylene 

..... ' 
e:,. 

chloride (50 ml), cooled to OoC, and treated with a" dropwise 

~ition of oxallyl ch10ride (300 mg, 2.8 ~ole) under'an inert 

atmosphere. The,mixture 'lias then warmea to room temperature and 
. 

stirred for an additional 30 min. The solvent was removed, the 

residùe dissolved in ethe'r (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 yel10w oil, 1H 

nmr ( CDCI 3): 1.33 and 1.45 (s,3H,CH3), 3.78.(s,3H,OCH3), 4.1 
/ a 

( d , 1 H , C 3 - H , J = 3. 7 ), 4.38 ( d , 1 H , C 2 - H , J =- 3.7), 4. 56 (~ , 2 H , OC H 20 ) , 
'" .... , .. 

4.58, (d,IH,C4~,J= 3.7), 6.07 (d,lH'~l-H,J. 3.6),6.81 - 7.20.' ,. 

(m , 4 H , Ar - H) • 

:~-Methfî, 6-BrOlloi~-9xo-3 (o-p-me t~OXYbenzy 1 )-1,2 -0-i8~prOpy 1 idene , 
D-glucofuranose 70 . . 

Glucofuranoyl chtorïde 69 (920 mg, 2.60, mmole) was added 

'd r o.p w :t set ° eth e r e a 1 ~ i a z 0 met han e ( ex c é St s ) a t 0 0 C • The 

,1 resulting mixture was then refrigerated overnight at -50è. A 

strea~~~ nitr~gen was then pa~~ed thrdugh the sOlu~~on un~i~ 

room temperature, in order to,remove the excess diazomethane. 

Pyri'dinium hydrobromide (8 g., 52 mmol) was added and' the 
" 

mixture stirred for 10 h at room temperature. The ~xcess salt 

was filtered off, the solvent-removed and the residua purified 
b 

by column chromat~graphy, using ether.(hexane.s as e.l,u~nt ~1.5 : 

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

diastereomers. The,major isomer was purified by flash 

chromatography giving 70 as color1ess crystals (291 mg, 27 %) , 

, m p 7 2 - 7 4 oC; l H n m r (C OC l 3 ): 1. 3 3 and 1. 49 ( s , 3 H , CH 3 ) , 1. 6 0 

(d,3H,C7- H,J= 6.8)', 3.80 (s,3H,OCH3)' 4.27 (d,lH,C3- H,J= 3.7), 
(-

4.4~_, (dd,2H,OCH2-Ar,J= '11,14.6),' 4.58 (d,lH,C2-H,J=.3.4), 4.83 

(dd,lH,C6- H,J= 6.8),6.07 (d,1H,CI-H,J= '3-.5),6.84 - 7.15 

(m,4H,Ar-H)~ 13C ~mr (CDC13): .18.62 (C7), 26.41 and 26.99 

(CH3)' 41.71 

(C 3 ), 106.24 
/ 

159.6 (CS) i 

l' 

(C6)' 55.26 (OCH~)i 72,42 (CH2)' 84 .. 13 (C2)' 84.20 
, . 

(Cl)' 108.1,112.55,128.59,"1'13.9,129.6 (Ar-C), . 
ms (650C): 414/416 (M+', 0.5), 335 (M+'-Br', 

. . 
70.7), 277 (31.3), 177 (36.2), 159 (100), 149 (26.7), 175 

.. . . 
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, , 

(-20.6), 121 (100)1 Exact mass (l05~C): calcd., ~br C18H2306; 
, \; 

335.1494: foun'<3; 335.1424 

. . 
6-Methyl";'6-BrOllo,5-OXo-l,2-o-isopropyl i~ene D'-glu~1\furanose 71 --' 

r: Methylene chloride (10 ml) , water (0.5 ml), bromo-ketone ... 

~o (ZSO mg, 0.60 mmol) and'DDQ (200 m~', 0.87 mmol) J~re stir;r~d 
1 

at room temperature ov~hight.The sol vent was remov'ed, 'and the 
,~ , i 

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

e~hyl ether ,(30 ml). The orga'lic ex-t.ract was washed with 
, ~ 

aqueous sodium bicarbonate (5 %, 30 ml), brine (30 ml) and 

dried over Na2S04. The solvent~was then removed to give 225 mg 

of colorless 'crys~als (99 %), mp 107 °C~' lB nmr (CDC13)': 1.34 
, 

and 1.51 (s,3H,CH3)' 1.72 (d,.3H C7-H,J= 6.8), 2.26 (d,lH,O-H), 

4.56. (rn,2H,C2- H and C3-H), 4.90(dd,lH,C~-H,J= 6.4,6.8), 4.99 
... . ' 

(d,IH,CI-H,J= 3.2);0 ms (40 OC): 293 (M+'- H, O.~), ,279 (M+'-

, '" CH~3' 7.4), 2.21 (7. ~), 1'19 (7~ 6) , 201 (6.6), 159' (87), 59 (100). , 

, , 
6-Methyl,6-BrOllo,5-(dipropargyl ketal )-1,2 -o-isopropyl idene' -D-
g.lucofuianose 73 ' ., 

~enzene (2, ml), 2,2-dipropargyl propane, 72 (1'20 mg, 0;79 

mmol), bromo-k,tone 21 (46 mg, 0.156 mmol) and acidic resin . 
(catalytic) were' stirred overnight at ambient tempera·ture, and" 

.. 1 11\ r 

.t,~en 2 h at. 60~80 oC. The ~ixtu're was C:'fled,' the 501 ve~t 

.removed and the 'residue puri,f ie-d py co'lumn Chr~mato~rap.h,J "to 

give lS{rng (25 %) bromo-ketal n'as a coi'orles~ oil;' 1~ nmr . 
(CDCI 3 ), 1.39 and 1.50 (s,3H,C1I3)m 1.85 ~~_,3H,C1-H,J= 6;8), 

2.47 - 2.50 (m,2H,C31-H), 2.98 (d,lH,O-H,J=6.2), 4.28 - 4.42 
~ 

(m,3H,C6-H,C2"H and C3-H), 4.43 -",4.50 (m,5H,C4-H, .Cl'-H), 5.13.' 

(d,lH-;-Cl'-H,~J- 3 .. 8), ms (II~OÇ),. isobutane (CI): 333/33S'(M+'-
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C3H30, 100/100),291 (6.7), 289 (17.2), 279 (27~2SS (5.8), 

237' (8.6) 7 

Radical cyclization of 73 

',' Tributyltin hydride (14 mg, 0.05 mmol), benzene (3 m,l), 

bromo-ke~al 73 (15 mg, 0.039 mmot) and A.IBN (catal~tic) .were 

refluxed for 5 h. The mixture was cooled and the" solv~nt 

removed to give a residue which was dissolved in acetonitrile 

, (lO'ml) and washed thr,ee times ili\ hexanes (10 ml). The 

so1vent was removed and the product was pu~tfi~d b~~column 
',' .. 

chromat<?graphy to give 6.5 mg (55 %) ?f cyclic ketal 7·4 as an 

oil; lH .nmr ( CDC1 3): 1.19 (d,3H,Cl'0-H,J= 7.3), ·1.38 and 1.~S2 
• 

(~,3H,CH3), 1.96 (dd,lH,C6-H,J= 7.3, 16), 2.39 (t,lH,C3'''H,J-

2),4.24 (m,2H,Cl'--H), 4.24 '- 4.2.1 (JIl,SH,C2-.H,C3-H,C4-H and Cg­

H), 4.93 ~m,2H,CII-H), 5.12 (d,lH,Cl-: H,J= 4); ms (lSO ,ocf,. 
isobutane (CI): 383 (M + 'H~, 2.1), 323' (2.3), 281 (9.2), 216 

(13) • } . , 
• 

. . , ' 4, ~ q 

Methyl 3-~(p-methoxybenz~I)-1,2-O:1s9prO~ylidene D-glucofuranate 
75 • " 

" , 
Ethere,al ~diazomethane (5 %,30 ml) was·added.to furanoic 

l ' 

acid 68 (100 mg, 0.31 mm.(1) and ether J20 ~1) at OOC. After 3 .--- ( 

h, the excess diazomethane was decomposed ~ith glacial aoetic 

acid (until deco1orization) and the solvent removed. The . , 

.residue was purified by 'column chromatography to give the . , 

methyl furanoate aS,an oi1 (98 mg, 94 %).; I H nmr (eDclj): 1.32 
,1 . '. 

and 1. 4 7 ( s , ,3 H , CH 3 ) , 3 • ,7 6 . (s, 3 H , ç OOC H 3.>1 . 4 • 2 4 (d , 1 H , C 3 - H , J • 
, ' 

... 

. ~ .'';' 
3. 7 ), • 3. 8 1 (..s , 3 H, 1 0 C H 3 ), , 4.\05 ( d d , 2 H ,OC H 2 0 , J ., 5 , 1 7 ) , 4 • 5 ~ . . ~ 

(d,lH,C2-H,J= 3.7), 4.81 (d,1H,C4-H,J= 3.6), 6.08 (d,lH,CI-H~J. 

94 \ . 
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3 • 6 ), 6. 8 5" - 7 • .21 / ( d d , 4 H ,'Ar - H )-; ms (700 ), i S 0 but an e ( C. 1 • ): 3 3 9 

(M+ + H+, 2.5), 338 (M+, 0.8), 280 (M+ - C02CH3' 

(2.0), 121' (100). 

2.9) , 

'. ' 

263 

, Tb io-keta 1 ization of 75 
" '- ,) 

Methyl glu.cofuranoate 75 (100 mg, 0.295 m'mol),' ethY1-\ 

. acetate (5 ml)., ethanethi<bl (91 mg", 1.5 mmol) and zinc (II), 

. chloride (5 mg) were sti'rred at -100 C for 15- min. The mixture' 

-

. 
was warmed to room temperature, and 'the solvE!nt removed. 

Pu~ication of the residue by co1umn,chromatography gave 48 mg 

(89 %) of ~p-methoxybenzyl 'thioethyl ethér 76 as a pale ye110w 
. , ~ 

o i 1 1 1 H n m r (C OC 1 3 ): 1. 2 2 (t , 3 H , CH B , J = 1 0 ), 2 • 41 (d d , 2 H , CH 2' , J = 
t. ' ~ _ \ 

10,16), 3.64 (s,2H,Ar ... CH2), 3.76, (s,3H,OC H3)' 6.8 - 7.,26 \ 

(dd,4H,Ar-H); ms (35 0 C): 182 (M+i 32.9), 153 (M+' - Et, 1 .• 0), 

l'51 0;'4), 122 (22.9), 121 (100),.91 (6.8) • 

• 
o 

• 
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l,2-isopropyl idene-3-o-(diph'nyl-tertbutyl si lyl )-4-g1utar~1- D 
glucofuranose !! 

Tribut yI tin hydride-11;2 g, 4.15 mmol) "and AlBN (2 mg) 

were added dropwise over a 12 h period (syringe pump) ~e dry 
1 

benzene (0.5 ml), unsaturated ester 81 (100 mg, 0.207 mmol), 

~ethyl bromoacetate (635 mg, 4.15 mmol) and AlBN (2 mg) ,at aooe 

under an inert àtmosphere. The mixture was codled, the solvent 
, 
removed and the residue dissolved in acetonitri1e (30 ml) and 

~ 

washed three t imes wi th hexanes_ • .'I..he sol ven t was removed to 
( 

~ give a mixture of glutarate 82 (30 %) and starting materia1 

i \ 

" 

'. 

-(over 60 %)._ The mlxture was then nlcyc 1 ed' once us'ing the above 
J 

conditions to afford 68 mg of glutarate 46 (58 %) and 5 % 

starting m~teria1 after purifica~~on by.co1umn chromatography, 
-- -- .. 

IH'"Tlmr (CDC13):-1.07 (s,9H',Me3), 1.26 and 1.37 (s,6H,Me2)' 2.37 

(d,2H,C6-H,J= 6.4),2.70 (ABX,2H,C7-H,J= 3.8,7.2,(6),2.71 -

. 3.00 ~m,IH,C5-H), 3.63 and 3.65 (s,3H,OMe), 4.08 (dd,lH(.C4- H,J---
2.5,10), 4.23 (dc:;J,IH,C 3-H,J= 2.5), 4.27 (d,lH,C2-H,j. 3.8), 

, 
5.72 (d,lH,CI-H,J= 3.8), 7.4 - 7.7 (m,lOH,Ar-H): ms (l81 0 C): 

525 (M +. - e 2 H 30,' 8.8), 499 ( M +. - C 4 H 9,- 1 (10), 441 (12-'), 3 al 

(17), 339 (18'), 25~ (13), 213 (12): Exact mass (1050C): ca1cd. 

for C26H31 0 8Si (M+; - C4Hg);, 499.1'788: found: 499.1811 • 

, Diaethyl glutarate 85 

Tributy1tin hydride (1.9g, 11.'5) and AlBN (2 mg) were added 

dropwise over a 5 h period ,to dry Benzene (5 ml), .methy! acr'Yl~ 

·,ate'(lOO.m~,l.l6 mmol), methyl bromoacetate,(1.3 g, Il.5 mmol) 

and AlBN (5 mg) at 800e under an i,nert atmosphere. The mixture 
l . 

was cooled , the sol vent temoved and the residue, d.i,!-soLvEtd in 
. 

acetonitril~ (SO'ml) and, washed three times wit~hexanes (50 

. - , 

, 96 
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ml). The so"lvent was then removed and the residue distilled to 

give 155 mg (77 %) of glutarate 85 as·an oil, bp 96-990 C at 15 

mm-Hg •. The -spectro~c~ic data (lH nm~ anQ ir) were identical to 

that previously reporbed 79a• 

Diaetbyl 4-.ethylglutarate 86 , 

Using the same procedure as describéd for 85, was obtainéd 

75 % yie1d of methyl 4-methylglutarate II with identical 

physica·l and spectro.scopie data to that prey ious ly reported78 • 

1,2-isopropylidene-3-o-(diphenyl~tertbutylsilyl)-4-
glutariaidyl- D-glucofuranose 88' 

Tributyltin hydride (1.2 g, 4.15 mmol~Q'S added dropwise 

over a·12 h period (syringe pump) to unsaturated ester!! (100 
" 

mg, 0.207 mmol) and iodoacetamide (890 mg, 4.15 mmol) at 400C , -

under an inert atmosphere with ir~adiation using a tungsten 

lampe The-mi~tur~ was eoo~ed, the solvent removed and the 

residue dissolved in acetonitJ;i'le (30 ml) and washed three '. . 
times-w-ith hexanes. The solvent was removed to give a mixture 

. l • 

o! glutarimi~e 87 , amido.ester 88 and s,tarting materl.a1. The 
, . . 

mixture was then recyeled once using the above condi tions and' 

then heated at 1200C' for 3 h to afford ur mg.~of glutarimide ~ 

(67 %j and 10' , starting material after _purification by col umn 

ch rom a t og r a ph Y ; i r (K Br) : 1 7 1 0 "( CO), 3 2 50 ( N - H ): 1 H n m r 

(CDCl 3 ): 1.06 (s,9'H,t-butyl), 1.11 and 1.37 (s-,3H,Me3), 2.18 -
'\ 

/ ,-

3.00 (m,5H,Cs-H,C6-H and <:7-H), 3.781 (dd,lH,C4- H,J= 2.4,8.7), 
r , 

-- 4. 1 9 (d 1 H C , , 3-H,J- 2.4), 4.35 (d,lH,C2-H',J= 3.7), 5.80 

97 
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ms (2640Ch 4"52 (Iot+" - C4H9", 100), 453 (32.7), 454 (9.8), 394 

(8), 353 (14), 32~ (9), 274 (14), 199 (32)1 Éxact mass (1800C): 
, 

calcd. for C24H2606NSi (M+" - C4Hg); 452.1529: found, 452.1489 • 

, 

Glutarimide 91 and 4~methylglutari.ide 92 
, . 

Using· the same procedure as described for the preparation 

of glutarate 85 and using iodoacetamide instead of methyl 

bromoacetate, gave after heating to 1200C of êhe crude mixture 
, 

for three ho~rs and purification by column ChromatograPhY't87 , 

Of glutarimide 91 and 85 , of 4-methylg1utari~ide 92. oth 
f - 1 - , 

phys~cal and spectroscopic data were identical with that 

prev iously reported79b,80. 

Bydroxy-unsaturated ester 94 

Iodoacetamide (300 mg,1.62 mmol) and the benzyl ether 93 .. -
(50 mg, 0.16 mmol) were heated at 80 0 Ç for 3 h. The mixture was 

" cooled, dissolved in water (30 ml) 'and the ~Jduct extracted...' 

with ethylacetate (30 ml), The solvent was removed and "the 

residue purified by~column chromatography to give 25 mg (71 a) 

of alcohol 94 as colorless eryst-a.ls, mp 104 oC1 1H nmr'( CDC1 3): , 

2.28 (d l' 1 H, 0- H, J = l 0.5), 3.60 ( d ,1 H , C 5- H , J.. 10.5), 3.74 

( s , 3 H , ) Me), 4 • 21 ( d , 1 H , C 6 - H , J = cS), 4 • 3 5 -( d d , 1 H , C 9 - Ha, J. 1: 5 ) , 

5.19 (d,lH,C 9-Hb,J= '7.5), 5.30 (m,2H,Ca-H), 5.92 (m,IH,C7-H), 

"\. 6 • '1 3 ( d ~i 1 H , ~ 2 - H , J • 2 , 1 6 ), 6 • 8 a. ( d d , l H , C 1 - H , J • 4 , 1 6 ) 1 ms 

~ (SOOC): 214 (M+', 2.4'), 18~ (M+"- CHJO, 17.6), 129 (~1.9), 128 

)(36.2),.28 (100). . 
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2-Bthylsuccini.ide 96 

Tributyltin hydride (510 mg, 1.75 mmol) and AlBN (2 'mg) 

were added dropwise over a 5 h p~riod to N-brornoacetyl 

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

800e under an inert atmosphere. The solution was cooled, the 

solvent removed and the residue dissolved in acetonitri1e (30) 

and washed three times with hexanes (30 ml). The ~olvent was 
1 

removed and the and;, the residue purified by column 
-~ . 

chromatographY to afford 121 mg of 2-ethylsuccinimide (65 %) as 
1 

coloriess cry~taIs" mp 76-77oC; Litt. aO rnp 70 oC; ms(900 C): 127 

( A +', 15), 99 (M + - CO, 46), a 4 (M +. _ C 2 HO, 13), 69 (32), 56 -
(100), "41 (71). 

-- / 
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Experi .. ental : (Chapter 3) 

The cis-,azetidinones 110 and 111 were prepared by a 

procedure as described for 112 83 , 113 and 114 84 • The spectro-- - - ~' , ' 

scopie data for the azido-azetidinones 105 and 106, asZ:wei l as 

the trans-azetidinones for 110 and.!.!..!. are given in chap.ter 5. ~.' 

ct
b 

Bramo azetidinone 110 

Prepared in 78 % yie1d from its corresponding azide: mp 

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

(amide)i 1H nmr (CDC1 3 ): 3.S.Lts,2H,CH2), 5.31 (dd,1H,C)-H,J:= 

_5 .. 3,8), 5.45 (dd,lH,C4-H,J= 5.4,8), 5.9 (dd,lJi,CS-H,J= 8,16), 

6 • 1 5 (d, 1 H , N - H , J = 8), 6 • 5 2 ( d , 1 H , C 6 - H , J = 1 6 ), 7. 0 3 - 7",5 1 (4n, 14 

H,Ar-H)i 13C nmr (CDCl3): 43.4 (CH2), 59.9 (C3'), 63.4 (C4)' 

117-136 (CS C6 and Ar-C)i 165.7 (C2), 171.4-{.ami'de carbonyl); 

ms (150 a): 460/462 (M+,0.6), 284 (M+"- C10HgN92,32), 263 (M+"-

C18 H17NO,38.8), 197 (40.7), 171 (72.6), 145 (67.6), 91 (100). 
1 

Exact mass: ca1cd. for C25H2102N2Br: 46-0.0783; faund: 460.07~9~ 

Free radical cyc1ization of 110 

". Tributy1tin hydride (170mg, 0.55 mmol), AlBN (cat) and 'dry 

benzene (3m1) were added to azetidinone 110 (213mg, 0.46 mmo1) 

and dry benzene (20 m.~ -at reflux temperature during 20 h 

(syringe pump) under an inert atmasphere. The mixture was 
, 

cooled to room temperature and the solvent removed. The 

residua1 ye11aw oi1 was dissol~ed in acetonitri1e (30 ml), 
, , 

washed with hexanes (3 X 30 ml) and the solvent removed. HPLC , 

using isopropa1noljhexanes (1:5) as eluent gave starting 

material and the following productsL \ 
, -
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Reduc"tion product ill (15 %)1 ir (KBr): 1765 (azetidinone), ," 

1657 (amide)1 1H nmr (CDC13): 3.56 (s,2H,CH2), 4.95 (dd,lH,C4- '. 

H,J= 5,8), 5.53 (dd~lH"C3-H,J= 5,8),5.98 (dd,lH"C5-H,J= 8,16), 

6.61 (d"lH,C6- H,J= 16),7.01 - 7.44 (m,16H,N-H and Ar-H). 

Tricyclic benzo carbapenem 116 (5 %); mp 121 OC: ir (Kar): 3305 

(NH,), 1805 (azetidinorQè), 1664 (amide);' ~H nmr ( CDC1 3): 2.95 
, ~ 

(dd,lH,C 6-Hb,J= 13.8,18), 3.18 (dd,lH,C6-Ha,J= 6.~,_1_3.8J, 3.34-

3 • 4 5 (m, 1 H , C 5 - H ), 3 • 4 5 (d d , 2 H , C !! 2--, J = 4, 16 ), 4.3 2 (d d , 1 H , C 4 - H , J = 

5,8), 5.39 (dd,lH,C 3-H,J= 5,8), 5.73 (d,IH,N-H,J= 8), 7.05-7.32 

(~,14H,Ar-H); ms (260 OC): 382 (f.!+',100), 337 (M+'- 45,56),247 . 
(M+' ':'-BnCQNH 2,96), 207 (M+' - C10HgN02,·53,~1). Exact mass : 

ca1cd. for C25H22N202; 382.1~811· found: 382.1734. ,Azepinone .!.!1 
, 

(35 %); ir (KBr): 32~0<>(NH), 1680 (lactam), 1651 (amide); 1H .. 
nmr (CDC13): 3.63 (s,2H,CH2CO), 4.31 (dd,2H,CH2Ar,J= 3,5),J 4.56 

(d,lH,C4-H,J= 5_.2), 5.68 (dd,lH,C3-H,J= 5,6), 6.18 (d,lHt~-H,J=. 
. ~ 

6), 6.9~ - 8f,0 (m,15H tAr-H); ms (lllOC): 382 (M+·,0.23),,,291 (M+' 
~ -

- 8h,O.3), 207 (M+'- CIO Hg N0 2,31.3), 206 (24.4), 130 (100) • 

Repeating the above cycl ization, except adding 1,.5 eq of 

tribut yI tin' hydride over' a 3 h. ,period, gaye after evaporation, 

of thé solvent and trituration of the corresponding residue 
, . 

with carbon tetrachloride, a preclpitate. The crystals were 

filtered off and washed with hexanes to give 116 (24%) as 
• , 

ca~~~le~s érys~a1s with identical spectroscopie data as before. 
1 • , 

Brome azetidinone III 
~ .. 

Prepared,in'71 % yie1d from its correspon~ing azide1 mp 

151-152 oC ~~ cO,lor1ess crysta1si ir (KBr,):-2-280 (C5C): 1741 
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(azetidinone), 1647 (amide); 1H nmr (CDC13): 3.65 (s,2H, CH 2), 
. , 

5.48 (d,lH,C4-H,J= 5.4),' 5.75 (dd,lH,C3-H,J- 5.4,9), 6.78 
~ , 

(d',18,N-H,J= 9), 7.11 - 7.6 (m,14H,Ar-H);, 13C nmr (CDC13): 
~ 

43.46, (C,H2)' 53.62 (C4), 59.22 (C3), 81.34 (CS); 90.07 (C6)' 

118 - -1-33 (l8C,Ar-C), 165.5 (C2), 171.22 (amide carbony1) 7 ms 

(195°C): 458/460 (M+·,S.7), 283/284 (M+' - CIOH'9 N0 2,20'.8), 175 

(M+ -'283,5.7). 

Free radical cyclization of III 

Tributyltin h,Ydride (150 mg; 0.,5 mmol), AlBN (cat) and dry 

ben zen e (1 ml) we r e ad d e d t 0 a z e t id i non e 1 1 1 (1 9 3 mg, ° . 4 2 

mmol) and dry benzene (20 ml)at reflux' temperature during 5 h 

. '. . (syrlnge pump) under an inert atmosphere. The mlxture' was 

cooled to room temperature and t~e solvent removed. The residue 

was dissolved in acetonitrile (30 mU, washed with· hexanes (3 X 1 
. . 

30 ml) and the sol·vent r'emoved~ Trituration of the residue with 

carbon tetrachloride/ac'etonitri1e gave the tricyc1ic 

azetidinone 119 and 120 as yellow precipitate (4:3 ratio 

respectivel,Y, 31%), mp 140 - 145 Oc • Fr.om the filtrate was 

isolated start.ing material (5%), reduction product 118 (Il %), 

and the azepinoné ,121 (27%) after separation by column chr~ -

tography using ethyl acetate/hexanes as eluent (1:1). 
" \ 

Tricyc1ic azetid'in~~e 119; 1H 'nmr (CDC13): 3.60 (dd,IH,CH2,J-

2.5,17), 5.79 (dd,IH,C3-H,J= 5.9~9.2), 6.00 (d,IH,N':H,J- 9.2), 

6.3·2 (d,lH,C6-H,J=2.5), 7.07-7.54 (,m,14H,Ar-H); 13C ~NMR • ( C OC 13 ): 4 3. 4 2 (C H 2 r, ~ 8: 3 4 ( C 4 ), 6 2 • 1 3 (C 3 , 1 2 6 • 0 1 (C 6 ), 1 2 2 -

144' (Ar-C and CS); 171 • .'00, (Cl)' 115.87 (amide carbony1). 

T-f'-icyclic azetidinone 120; 1H nmr (CDCl3): 3.06 (dd,2H',CH2,J-

lO~ 

" . . ... . 
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17,34),5.51 (dd,IIH,C4-H,J= 3.3,6), 5.66 ,(d,lH,N-H,J= 10),6.10 

(-dd,lH,C3- H,J= 6,10), 6.9~ (d,lH,C6-H,J= 3.3), 7.'07 .,.. 7.54 

(m;14H,Ar-H)1 '13C nmr,(CDC1 3): '42.79 (CH2), 58.02 (C4): 61.86 

(C3)' 1~3.42 (C6), 122 - 144 (Ar-C and CS),,, 170.,32 (C2)' 1-7--5.77 

(amide carbonyl); ir of ~ and 120 (KBr): 3290 - 331D (NH), 

1824 (az~tidinone), 1640-1641 (amide). 

Reduction product il8: ir (KBr): 3300 (NH), 1745 (azetiâinone), -- -
1649 (amide); 1H nmr (CDC13): 3.,65 (s,2H,CH2), 5.03 (d,lH,C4-

H,J= 5), 5.72 (dd,ltH, C3-H,J= 5,8), 6.26-Cd,lH,N-H,J= 8), 7.05-

7.59 (m,lsH,Ar-H); ms (1110C) chemical ionization, isobutane: 

381 (M++H+, 22.1), 363 (M+' - BnCO,15.8), 353 (381 - CO,lO.l),:-

206 (M ... · - Cl0H9N02,100), 1~6 (M+' - 206,65.7). 

Azepinone 121; 1H nmr (CDC1~): 4.19 (s,2H,CH2CO), 6.86 - 7.50 

dm,11H,Ar-H and' C=CH), 8.85 (bs.,lH,NH). 

Silyl azè~{dinone ~ 

Prepared in 49 % 'yiéld from its corresponding azide; mp ... 
f 

.123 - 1-24 o C (co1o'r1ess crysta1s); ir (K.Br): 3210 (NH), 1768 

'(azetid,inone), 1645 (amide); lH nmr (CDCl3): 0.048 and 0.056 

, - ~ .... 
(s,6H,SiMe2), 0,,907 (s,9H,t-butyl), 3.67 (s,2H,CH2CO), 5.18 , 

( 2 , 1 H, C 4 - H, J. 8), s. 7 ( s, 2 H , CH 20), 5'.71, (dd, 1 H, C 3 - H , J = 5, 10) , 

6.3 (d',lH,N .. H,J= 10), 7.1 - 7.5 (m,14H,Ar-li); ms (r750 C): 524, 

(M+·,O.l),. 467 (M+'- t-butyl,1.9), 349 (M+'- C10H9N02,l.7), 292 

(26.1). 

Bra.o azetidinone 122 -
l 

Tetrabutylammonium fluoride (4.69 g, 17 mmo1)·and THF (5 

ml) were added to azetidinone 112 (5.0 g, 9.s,mmol) and 150 ml 

of dry THF at OOC under a nitrogen' atmospnere. After 30 

( , 
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minutes, water (2 ml). was added and th~ solvent removed. The 

.residue was then purified by flash chromatography using'ethyl-

acetate/hexanes (1:1) as eluent' to give the alcoho-l as color-

less crystals (72%); mp 174-1750 C; ir (KBr) Vmaxl 1756 

(az"etidinone,}, 1660 (amide); IH nmr (DMSOd6): 3.34 

(s,2H,CH2CO), 4.52 - 4.56 (bs,IH,O-H), 4.53 (s,2H,CH2-0), 4.82 

(dd,lH,C4-H,J= 5,86), 5.25 (dd,lH,CH3-H,J= 5,8), 6.05 

(dd,"lH,C5-H,J= 8,16), 6.40 (d,lH,C6- H,J= 16),6.8 - 7.28 

(m,19H,Ar-H), 8.26 (d,lH,N-H,J= 8); ms (2300C): 410 (M+'-

2 H + , 2. 6 ), 3 3 3 (4 1 0 - Ph, 3 • 3 ), 3 20 (M +. '- B n' - 0 H + , 5 0 • 1 ) .. 
, , 

To the above alcohol (700 mg,!.7 mmol) and dry Methylene 

chloride (100 ml) at OoC under a nitrogen atmosphere were added 
c .. , 

carbon tetrabrom1de (560 mg) followed by a slow addition of 

tripheny~phosphine (430'mg,1.97 mmol). After 3 h of stirring, 
, 

the solution was allowed to warm up to 'room temperature, and .. , 
purified by column chromatography using ethyl aceta~e/hexanes 

.. i 
(1:3) to give the azetidinQne 122 as colorless crystals (62.5%)' . --, 
after recrystal ization from 'ethylacetate/hexanes; mp 1:23 -

l24 0 C ; ir (KBr': '3.310 (NH),11744 (azetid~none), 1644 (am~de); 

lH nmr-'( CDC1 3): 3.60 (s,2H,CH2-0), 4.72 (dd,2.H,CH2Br,J-
. , 

1 0 • 4 , 2 2 ), 5 • 0 2 (d d , 1 H , C 4 - H , J = 5, 8 • 2 ), 5,. 5 5 ( d d , 1 H , C 3:- H , J • 5, 8 ) , 
, 

6.08 ( dei , i H , C 5 - H , J = 8.2,16), 6.38 ( d, 1 H , N - H , J. 8), 6.,64, 
.. 

( d , 1 H , C 6 - H , J = (6), 7 • 1 - 1. 3 4 ( m, 1 4 H , A r- H ); ms (3 0 5 0 C ) : 

474/476 (M+,4/3.9), 395 (M+· - Br",3,3), 394 (M+ - HBr,lOO), 317 
li< 

(M+' - Ph'- .HBr,70.5), 275 fM+' - HBr, - BnCO,430-7), 2\0 (M+' -

CIOHgN02 - Br·,45), 

c 
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· Bra.o azetidinone ~ 
, , 

Prepared as described ,for, 122. The a1coho1 was obtained in 
, -

,65-" yie1q from 113 as co10rless crysta1s, mp 1,630 Cr 1H nmr 

.. (CDC1 3 ):- 3.50 (s,2H,CH2CO), 4.12 ,(dd,IH,O-H,J= 4,8), 4.64 and 
- . 

4~82 (dd,2H,CH2~0,j= 8,12 apd 4,12), 5.08 (à,IH,PhCH2Ar), 5.13 
-

(dd,IH,C4-H,J= 5,8)..,_5.24 (ddrlH,C3-H,J= 5,8), 6.07 (dddH,Cs-

H~J~ 8,16), 6.40 (d,lH,C6- H,J= 16), 6.80 (d,1H,N-H,J= 8), 6.9 -

7.39 (m,13H,Ar-:H); ms (2000C): 518 (M+,O.l)" 343 (M+',-
\ 

C10H9N02,0.9r, 263 (M':' - ClSH13N03,42.7), 175 (M+' -~C4,3.0). 
~zetidinone 123 w~s obt~ined as c~10rless Crystile' in 81 % 

l 0 

yie1d froJll the aboVe ~a1coho1: mp 145 - 1460 ; ir (KBr): 3270 

(NH),.17/58 (azetidirtone), 1656 (amide); 1H nmr (GDC1 3 ):, 3.56 
r-' 

.<JJ , 2 H , CH 2 cor, \ 4 • 6 6 ( d d , 2 H , C H 2 Br, J = 1 0 , 1 0 • 1 ), 5'. 0 5 
1 

( S , 2 H , Ph C H 2 Ar), 5 • 1 2 ( d d , 1 H ,-C 4 - H , J = 5 , 8 ), 5 • 4 1 ( d d , 1 H , C 3 - H , J = 

5.8), 5.96 (bd,lH,N-H,J= 8), 6.09 (dd,lH,Cs-H,J= 8,16), 6.4i 

(d,lH,C6-H,J= 16), 6.88 - 7.39 (m,18H,Ar-H): ms (285 0C ): 

~80/S82 (M+~,0.8/0.7), 501 (M+. - Br,38~4), 500 (M+ - HBr,100), -- . 
423 ('M+' ï HBr - Pti,30), 381 (M+' - HBr ... BnCON,19.9). 

, 1 

1 

1 

BrOlio aze[tidil)one ill. 
o' 

Starting from sily1 azetidinone 114, the al'cohol was ob-

tained in 51 , yie1d as eo10r1ess crysta1s using 20% trifluoro­

acet i c ac id as des cribed in reference 8l::r Fmp 184-18 SoC; i r -( K Br) : 3 3 0 5 ( N H ) , 1 76 8 ( a z e t id i non e ) , 1 6 S 0 (a m ide):' 1 H nm r . - . 
(DMSOd6): 3.29 (s,lH,O-H), 3.61 (s,2H,CH2CO), 4.69, (s,2H,CH2'; 

" . 
1 

0), 5.,23 (d,lH,C4-H,J- 5), 5.50 (dd,IH,C3-H,J= 5,8); 7.08 -

7.46 (m,IsH,Ar-H 'and N-H); ms (2080C) chemical ionization, 
. ' 

isobutane: 411 (M+ + 1,19.4), ·319 {fIl+ + 1 - C10H9NOiï-g.1). 

105 
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Exact mass (208°): ca1cd. for C26 H22 N20 3: 410.1629, foundl 

1 • 
410.1685 • 

Azetidinone ~ was obtained in 63 , yie1d fro~ the above 

a1cohol as color1ess crystals; .. mp 135-136o J ir (KBr): 3~90 

(NH), 1}55 (azetidinone), 1666 (amide);.lH nmr (CDCI3): 3.69 

• ,00 • (s,2H,CH2CO), 4.64 (dd,2H,CH2Br,J= 10,18), 5.21 (d,lH,C4- H,J-
'. , 

5 ), S. '1 5 (d d /HI , C 3 - H , J = t 8 ), 6 • 3 0 ( d , 1 H , N - H , J • 8), 7. 0 5 - 7. 5 1 
. . 

(m,'14H,Ar-H); ms (195 0 ): 472/474 (Mi-,O.3), 343 (M+· - Br·,1.8)~ 
, 

39~ ·(M+· - Bn,1.8), }92 (M+ - HBr,5.8), 

Cl0H9 N02,56.8), 217 (4~.2), 175 (~8.2). \ 

... 
Radical cycl iza.tion of 122. 

... 
TributYlt.in hyd~ide (4'42 mg, 1.52 mmol), AIBN (cat.) and 

benzene (5 ml) were added to azetidinone 122 (600 mg, 1.27 . -•. ~ol) and dry,benzene (55 ml) at reflux tempera.tu,re during 10 h 

under an inert atmosph~ie. ~he mixture w~s coo1ed to room 

temperature and the precipitate filtered off and washéd with 

hexanes to giVe tKe:azetidinone 125 (340 mg, 68%) as co1~rlèss 

ciYstals. From the filtrate, after the usual work-up and column 
• 1 

chromcttography, was recovered the reduction product 124 (12 %) 

using eEhylacetate/hexanes as eluent. 

Benzo carbacep~em 125; mp 256~C; ir (KBr): 32'0 (NH), 1755 

(azetidinone), 16~2 (ami'd~); lH nm! (pyridine-ds,600C): 1.95 

(m,IR,C5), 2.19 ('dd,lH,C6-Hc,J= 10,13),2.32 (dd,IH,C7 Ha ,J:is 

15,13), 2.59 (dd,lH,C7-Hb,J= 4,1'5),2.97 (dd,lH,C'6-Hd,J ..... 4,13), 

o 

• 
" 

.... ' 

- ' '. - • l', ' 
3.74 (dd,lH,Ç4-H,J= 5,10), 3.82 (s,2H,CH2CO), 5 .. 96 (dd,lH,C3~ . 

~ H,J= 5,9), 6~99. - 7.63 (m,,14H,Ar-H),~9.91 (d,IH,N-H,J· 9); l'lC .. 
nmr (dmso-d6) : 30.4'5 ,(C7), 32.32 ( CS) 36.8~ ( C6) , 42.11 

;-
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(CH2Ph), 5'6-.77 (C4), 58.56 (C3), 117 - 138.3 (Ar-C), 1.65'.68 

'(C2)' 170.57 -CaJllide carbo';yl); 1IIS (2250 C): 39.6 CM+,2.2), 305 
- " 

(M+' - Bn,2.1), 277 (M+' - BnCO,6.6), 222 .(M+ + 1 

C10 H§N02,35.7), 175 (1.9), 77 (100). Exact mass .: ca1cd. for 

C26 H2402N2.: 396~1837 0; found: 396.1830 • ~ 
. ~ 

Reduction product ill; ir (KBr): 3305 (NH), 1740 (azetidi none), 
. t!J 

1 6 7 5 (a m ide); '1 H n m r' C C 0 C 1 3 ):' 2 • 3 2 Cs, 3 H , C H 3 ), '3 • S 0 

" (s,2,H,CH2CO), 4.92 (dd,lH,C4-H,J= 5,8), 5.56 (dd~1H',é3-H,J= 

5,8), 6.15 (dd,lH,CS-H~J= 8,16), 6.56 (d,lH,CS-H,J= 16), 6.92 ';:" 

7.57 (m,lSH,Ar-H and N-H): ms (1000C)~ 396 (M+,3.2), !39S (S.7), 

305 (M+' - Bn,1.8), 277 (M+' - BnCO,6.0), 221 CM+' - C10 H9N02,33), 

222 (100). 
() 

Radical cyclization of 123 
.. ~/ 

Tributyltin hydrlde (72 ,'m'g, -0.25' mmol~, AïBN (cat) and 

-
benzene (1.5 ml) were addéd, to azetidinone 123 and. c,iry benzene 

(10 ml)' at 'reflux temperatu'r~ during 5 h (syr~nge pump) under 

an inert atmosphere. Af.ter a further :3' h at the same t~mpe'ra-
- . 

ture, the reaction' mixture was cooled to room temperature 
T , 

whereby ai white precipitate for.med. The precipitate was 

filtered off and washed with hexanes to give 'azetidi~on-e 127-

(39 mg, 70%) as cOfor1ess crystals. The solvent was remov'ed to 

:" glve an oily residue which after.the usua1 work up and 

lPurificat.ion by eolumn chromatography (etQy1acetatè/hexal'}es 

1:1) gave the reduction product 1~6 (12 ')., . 
-

Tricyclic benio carbacephem 127: mp 27j-274 0 C: -ir (KBr)': 1 

, --- . ~ , ' 

3282 (~H), 1170 (azetidinone), 1655 (amidel;' 1H nmr '(Pyridine-

. i s): 2.25 - ~.4. (m,3H,Cs-" C7-Ha and C6-HC), 2.63,(dd,lH,C7-

H'6,J·1.2,14), 2.98 (dd,lH,C6""H~,J. 1.2,10),3.69 '(dd,'2H,C4-

r 
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fi,J- 5,10.2), 3 ... 81 (S,2H, CH 2CO), 5.17 (-dd,2H,CH2':'O,J.- ,12~22), 

5.97 - ~dd,lH,C3-H,J= 5,9), 6.84 - 7.7 (m,14H,Ar-H), 9.97 

,( d , 1 H ; N,:," fi , J = 9); 'm ~ J 2 7 3 0 é ): 5 0 2 (M + , 0 • 9 6 ), 411 (M + - B n , 4 .. 5) , 
. - ~, 

383 (M+'- BnCO,1.6o', 328 (M+ + 1 - èlOH9 N0 2,1.00), 148 (M+'-' 

328,0.5). IExaet mass 
< 

411.171,; found.: .411~171. 

Reduction Product 126; ir (KBr): 3278 (NH), 17,48 (azetidinone), -, .. ~; 

1 6 5 0 tf ami d' e -), ; 1 H nmr (CDC13): ,2.33 
" ~ 1 

, ' 

(s,3H, CH 3)' 3.50 

(s,2H,CH 2CO), 4.95 (dd,lli,CH4-H,J= 5,8)" ,5.(}6 (dd,2H,PhCH2-0,J-
, .. - ,-

12,16), 5.38 (dd,lH,C3-fi,J= 5,8), 5.95 ( dd, 1 H , C 5 - H , J 1:1 8,1 S,) , 

6 • 1 7 ( d , 1 H , N -,H !, J = 'a), 6 • 44, ( d , 1 H , C ~ - H , J = 1 6 ), 6. 7 ,5 ::- 7. 3 9 

(m,laH,Ar-H); ms {282 0 C): _50.2 (M+,2.7),')4-l1 (M+'- Bn,4,.5), 327 
... 1 ~ - • 1 

'1. ... • \ <l 

(M~"- C10HgN02,21.3), 328'(41.9),237 (17.1) • 

,~ 

Pheno1 carbacephe. 12~ _ 
, , 

Azetidinone 127 (25 mg), _~thanol (5 ,ml),and. dimethylforma-
~; " ~ 

mlqe (2.5 ml) were .hydr~genated with palladium on eharlcoal (2.5 
• " l ' 

mg, 10%·) until 2.5 ml of hydrogen had 'been ~bso~bed. The m'ix-

.ture was filtt;tred and -the solvent -removed.' Recrystal1izatiQn 
" ,~ . ,.' ~ . , 

from hot ethyl acetate and preoipït.ation with hex'a'nes gave 

qàantitative yield 'of azetidinoné 128 as color1eàs crystals; mp 
• 1 -- " 

282 - 2830C ; ir, (KBr): 3420. (b,PH),>3280 (N~), 1715 (azetidl-
, 1 1 -, . ) , 

none), 1~58 (amide); H nmr (Pyridine-d 5 : 2.35 - 2.47 
. 

,(m,3H,Cs-H C6-He 'and C7-Ha), ~. 7 1 J d , 1 H , C 7 - H b , J~. 1 2 ) " 3 '. 0 1 

( d , 1 H , C 6 .:. H d , J :: ,1 0 ) , 3 • 7 8 ( d: d , 1 tl , 0 4 - H , J • ,5 " g .• 2 ) , 
, l " '. 

3.85, 

(~,2H,CH2CO), 5.02 (bs,lH,OH), 5.95 (dd,iH,C3-H,J~ 'S,9), 6.87 -. -. ' 

7.49 (m,14H~Ar-H), 9.98 (d,lH,N-H,J- 9n ms (220 0 Ç): 4'12 

(M+,2.9), 293 (M+- - .Bnco,5.5),~ 237 Ut+- - ~lOH9N02'15.5~),- 2~8 
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(100). Exact mass (2600 C): _ca1cd. for C26H2403N2: '412.1786'1 

fo~nd: 412.1835 • ( 

Làctaa 130 
-, 

Using the procedure as descri bed for .. 122, the 1 actam !1Q. 

was ,obta ineo in 70% y ie Id as" col or 1 ess crys.ta 1 s, mp 177 -: 
1'7 ' -

1780C; IR (KBr): 3415 (b,N':}», 1739 (C0 2 },- 1668' (~mide): .lH 

nmr: 3.65 (s,2H,CH2CO)'f 4.05 (d,lH,N-H,J =7.5), 4.68 (dd,lH,Ca-
. 

H,J- 3,7.5), 5.45 (dd,IH;C 7-H,J= 3,7.4), 5.06 (d,IH,C4-Ha,J= 

13,),.5.?8 (d,lH,C4- Hb ,J= 1,3'), 6.97 (d,lH,~-H,J= 7.4), 7.02 -

7.40 (m,14H,Ar-H): 13e nmr (CDCl3-): 43 ... 61 (CI3), 53.03 (C8), 
, . 

5 8 • 2 5 ( C 7'), 6 8 • 1 5 ( è 4 ) , ----8 3. 5 a ( C"g ), 8 8 • 5 4 ( CIO ), 1 2 1 • 7 ":" 1 4 5 • ~ , 

(Ar-C), !70.48 ( C0 2,), 170.59 (amide carbonyl-); Exact mass 

(l950 C): calçd. for C26\i2203N'2Î 410.1629: found1 

410.1685. 

Pree,radical cyclization of 129 
-

Tributyltin hydride (125 mg, 0.42,mmo1), AlBN, (catr-and 

benz\~ne (2 ml) 'w-er.e added to azetidinon~ 129 (170 mg, 0.36 

mIno1) and d'FY benzene (là ml) at reflt.i)(temperature d,gring 12 h 

(syringe pump) under~ an inert 'atmosphere. 'The mixture was 

cooled to_ room té~pera~re and tne solvent removéd. The residue' 

was disso1ved in acetonitrile (30 ~1), washed with hexanes (3 X 

30 ml) and the solvent removed. Column chr,omatograp~y using 
1 ' 

ethylacetate/hexanes as eluent gave the toll.owing 'products: 
, . -

, Triëi'clic' azetid~'none .!1:t (37%): E--rsomer1- mp 1890C (co10rless 

"crystals), ir (KBr): 3305 (NH), 1748 (azetid'inone), 1~90 
" 

(amide); IH nmr (~DC1.3): 3.30 (dd,2H,C7-H,J= 16,30), 3.41 

• \ 
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(s,2H,~H2CO), 4.18 (d,lH,C4-H,J- ~), 5:71 (d,1H,N-H,J- 8), 5.78 

(dd,lH,C3-H,J=' 5,8), 6.60 (s,lH"C6-H~, 6.96 - 1.41 (m,14H,Ar-
1 

Hh ms (210 0 C): 394 (M+,O.7), 27-5 (M+' - BnCO,0.6), 260 0"+'-

,édCONH,O.93), 221 (M+ - CtO H9 N0 2,18.2), 220 (100). Exact mass 

(270oc): ca1cd. for C26H260 2N2: 394.1681; found: 394.1695. 

Tricyc1,ic azetidinonè 133 (38%): Z.isomer, m~ 1960 C;. ir 

'(KBr): 3260 NU); 1753 (azetidinone), 1655 (amide); 1H nmr 

( C DC 1 3 ): 3.6 ° ( s , 2 H , CH 2 CO) ! 3. 6 3 ( d d , 2 H , C 7 - H , J = 1 9 , 28 ), 4 .62 

(d,IH,C 4 -H,J;:' 5), 5.64 (dd,lH,C3-H,J= 5,8), 6.04 (d,lH,N-H,J-

8), 6.29 (s,lH,C6-:H), ·'.06 - 7.44 (m,14H,Ar-H); ms (269 0 C): 394 

(1.6), 260 (11), 215 (0.9), ~2~ (21.7), 220 (100), 219 (19.6). 

'Exël1:'t mass : calcd. 394.1681;, found: 394.1710. 

Tricyc1ic Benzo carbacephem !1! .. 
t 

A mixture of azetidinones 132 (10 mg) and, 1,33 (10 mg), 

ethyl acet~.te (5 ml) and et'hanol (3 ml) was,added p1atinum 
.0 

black (3 mg). The mixture was stir~ed at room temperature under 

'a hydrog'en atmosphere, overnight. The mixtut:.e was fil tered off 

and the solvent remaved. ~he resfdue was purified by flash 
, , -

chromat6graphy using ethylac,etate/hexanes as ,eLuent ta give, 

• after recrysta1ization from chloroform/carbon tetràchloride, 

the tricyc1ic azeç.idinone 134 as co1o'r1ess crystals-- (-2-5- %); mp 
/ - .. 

2 3 7 a C ; i r , ( K Br): 3 3 0 5 ( ~ H ), 1 7 6 8 (~'z e t id i n ~ ne),' 1 6 4 1 (a m ide) ; 

1H nmr (eDCl3):. 1.91 - '2'.04 and 2.3q - 2.6S (m,SH,Cs-H C6- H and 

C7 -Hh 3.65 (dd,2H,CH2CO,J= 2.5,6), 4.25 (d~,IH,C4-H;J. 3,5), 

5 • 4 1 ( d d , 1 H , C 3 - H , J = 5 , 6 )'. 6 • 0 l ( d , 1 H , N - H , J • 6), 6 • 1 - 7. 5 
('m,14H,Ar-H); ms (2200C): 396 (M+,2.1), 305 pt+·_· Bn;fl.7,.,. 217 

262 (M+' _ BnCONH2,,20), 222 (M+ + H'-
'i' 
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CiOH9H02~<l4.2), 175 (14.4). Exact mass ': calcd. for C26"2402N2: 

396.1-837 J found: 396.17·58 • 

Tricyclic k,to-aze~idinone 135 

A mixtu~e of azetidinones 111 (10 mg) and 133 (10 mg), 

methanol (2 ml) and dich"Ioromethane (2 ml) at -78 o C was ozo-

,_ nized"for 5 min. The 1ight b1ue solution was stirred for 15 

minutes', and a .. stream of nitrogen was pa-ssed .through the solu­

tion for 1S minutes. Dimethy1sulfide (excess) was added and tpe_' 

mixture 1eft overnight at room temperature. l'he soivents were 

removed and the residur purified by column chromatography using 
, 

ethy1a.cetate/hexanes (1:1) to give the Ketone 135 as a ye110w . 
oil (75 'yield); ir (nea~): 3160 (NH), 1793 (azetidinone), 

1722 (ketone), 1647 (amide): 1" nmr (CDC13): 3.55 (dd,IH,C6-

Ha~J=. 1.8,~2), 3.56 (s,2H,CH 2CO), 4.06 (d,lH,C6- Hb ,J= 22), 4.06 

( d d" 1 a , c 4 :-H , J = 1. 8 , 5. 7 ) , 4. 7 4 ( d d , 1 H , C 3 - H , J = S. 7 , 7 • 2 ) , 6. 0 5 

(d,lH,N-H,J= 7.2), 7.17 - 7.39 (m·,9H,Ar-H); ms (148 0 C) chemiC'al 

ionization, 'isobutane: 321 (M+ + 1,48.4), 320 (M+",2.7), 319 
• , 1 • 

(14.7), 304 (321 - 17,38.8), 303 (321 - 18,48.3), 176 (14.6), 

.: 146 (M+ + 1 

,.-~ -

, 
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Experiaental (Chapter IV) 

" 
Benzhydryl 6,6-Dibr~peni~i~lanate ~ 

Diphenyldiazomethan>e (1.5 g, 7.1 mmol) and ethyl acetate 

( 5 0 ml) we r e ad d e cr--d r 0 p w i set 0 a tu i x t ure 0 f 6, 6 -

dibromopenicillanic acid (2.1 g, 7.6 mmol) and ethy,l acetate 

(50 ml) a\ room tempera~ure • The mixture was stirred over-
o 

night a~d the excess diphe~ydiazomethane was destroyed with' a 

dropw.ise addition of acetic acid until the red solution , ~ 

decolor~zed to ,faint yellow. The product was then purified by 

flash chromatography to give 3.4 9 (81 %) ~ product as color­

less crysta1s, mp 155-157 oC; ir (KBr): 1795 ( C0 2), 1754 

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

1i,1H), 6.09 (s.,IH,C5-H), 7.28 (s,lH,C02CH), 1.40 - 7.66 

(m,10H,Ar-H); ms (175 OC): 523/525/527 (M+', 0.5/1.0/0.5), 

4 4 4/ 4 4 6 ( M + • , 0 • 4/0 .~), 16 7 ( 1 00 ) , 1 5 2 ( 2 0 9 ) Il 4 ( 1 8 • 3 ) • Ex a c t 
,1 
""'-

mass (2050c~: ca1cd. for C2IH19NO~SBr2 : 524.9433 ; found : 

524.9424 • 

Benzhydry1 6 a-DibrOlllOPencillanate !!! 
Using the same procedure as above, 6a-dibromopenicillanic 

acid was c6nverted to the benzhydry1 ~ster in 83 , yield as 
\ , 

1igh~ yellow crystals, mp 94 - 96 oC; ir (KBr): 1787 and 1749 

(CO); lH nmr: 1.27 and 1.6'6 (s,3~,CH3), 4.62 (s,lH,C3-H), 5.33 

(d,1H,C5- H,J= 4), 5.59 (d~1H,C6-H,J· '4), 6.94 (s,1H,COO.CH), 
, 

7.33 - 7~37 (bs,lOH,Ar-H)i ms (130 0 C): 445/447 (M+', 1.7), 366 

(M+' - Br·,O.3), 234/236 (M+'- C1402Hll~ 6.0), 167 (100), 152 

( 1 0 • 8 ), 1 1 4 ( 2 3,. 8 ) • E x a c t mas s ( 1 3 0 0 C ) 1 C a 1 cd. for .. 
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C21 H20 NO)5Br : 447.03281 fOl,lnd: 447.0355 • 

Benzhydryl 6]j -DibrOliopenicillanate 146, 

6,6-dibromopenicillanate 145 (100 mg, 0.22 mmo1), benzene .. . 
10(10 ml) and tributy1tin hydride (91 mg, 0.31 mmol) were heated 

to 650C under a ni trogen.atmosphere for 5 h. The sol vent was 

removed, the residue ,disso1ved in 30 ml of acetonitri1e and 

washed three times .with hexanes (30 ml). The solvent was then 

removed and the residue purifi~d by co1umn chromatography using 

ethy1 acetate - hexanes (1 : 5) as eluant to give 19 mg of 6,6-
~ 

. d i l;1 Y d r 0 pen ici lia n a t e li 7 ( 2 7 % ) and 7 0 m 9 0 f 6 (j -

bromopenici11anate 146 (73 %) as co10r1ess oi1s1 

6!-Oibrom\peniCi11inate 146; ir (CC1 4 ): 1792 and 1751 (CO); 1H 

n m r : 1. 3 0 1n d 1."6 0- 1 s , 3 H , CH 3 ), 4 • 6 6 (s, 1 H , C 3 - H ), 4 • 7 8 (d, 1 H , C 5 _..f 

H,J= 2),' 5~~5 ,(d,IH,C6- H,J= 2),6.94 (s,lH,COOCH), 7.26 '- 7.46 
~ 

(bs,10H,Ar-H)1 ms (108 0 C): 445/447 (M+, 0.1), 307/309 (5.6)1f 

197 (101, 188 (76.3), 184 (67.1), 167 (45.5), 105 (100). 

6,6-dihydropenici11anate 1'47; 1H nmr: ·1.2~ and 1.49 (s,3H,CH3)' 
\< • 

3.03 (dd,lH,C6-H,J= 2, 16),3.52 (dd,.IH,C6-H ,J= 4,16),4.54 
, 

. ($,lH,C3-H), 5.27- (dd,IH,C5- H,J= 2, 4), 6 .• 91 (s,lH,COOCH), 7.31 

- 7.34 (bs ,~H, Aî"-'Hf.-

N-(p-methoxyphenyl)-3,3-dibromo-4-styrylazetidinone 152; ir 

\ (CCI4): 1782 (azetidino~e) ;, 1 H nmr : 3.7~ (s,3H,OCH3)' 5.08 

~d,lH,C4-H,J= 8), 6.18 (dd,lH,CS,J= 8, 16)', 6.85 (s,1H,C6-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+· - Br·, 3.6/3.7), 286/288/290 (M+' 
" 

- CaH702N), 14/36/21), 249 (16.9), 237 (M+' - C20Br2i , 149 (M+'­

CIOHaBr2, 52.4), 134, (27.5), 128 -(100). Exact mass (18S 0C ): 
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calcd.' for C18H15N02Br2 : 436.9454 i lound : .436.9452. 

'dt 

General procedure for 'the react10n of 144, 145 or 146 vith 
olefins: .. 

Method A 

BenzhydrYl 6 ex -bromopenicillanate 144 (200' mg, 0.45 mmo!), 

dry benzene (5 ml) and methyl acrylate (0.58 g, 6.7 mmol)- wer:e 

refluxed under a nitrogen atmosphere. To this mixture was added 

tributyltin hydride (157 mg, 0.54 mmol), benzene (2 ml) , AlBN 
" 

(2 mg) and methyl acrylate (380 mg, 4.5 mmol) ovèr a 5 to 6 h 

period (syringe pump). After the ~ddition, the mixture was ref-
o .~ 

luxed for 2 h and then cooled to roorn temperature. The sol~ent 

and excess methyl acrylate was rem'oved. The residue was 

diss01ved in acetonitri1e (50 ml) and washed three times with 

hexanes (50 ml). The solvent was then remove;:l and the residue 

purified by chromatography using ethyl acetate - hexanes (1 : 

4) as eluant giving of benzhydr-yl 6 ex -(2'-carbomethoxyettty~)-
" , 

penicillanate l49d ( l 3 2 mg, 6 5 %) a 5 co 1 0 rIe S 5 cry 5 t'a 1 s, m p 

84-85 qC. 

Method B 

0.38 

'>J~, 

Benzhydryl. 6,f)-dibrompenici11~nate 145 (200 mg, -------
mmol), benzene (4 ml) and tributy1tin hY9~ide (115 mg, 0.40 

mmol) w-ere heated at 650C under nitrogen for Sh. To this mix­

ture was then added acrylonitrile (424 mg, 7.6 mmo-l) followed 

by a dropwise adftition of tributyltin hydride (155 mg, O.S~· 

mmol); benzene (1 ml) and AIBN (2mg) over a 5 to 6 h periode 
fi • 

The mlxture was cooled to room temperature and the solvent 
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removed. The residue was dissol ved in acetonitrile (50 ml) and 
v 

washed three t imes wi th hexanes (50 ml). The so 1 vent was theJl.-
• 

removed and the residue purified by chromatography usiog ethyl 
'"\ 

acetate - hexanes (1 : 4) as eluant giving 9~ mg of benzhydryl 

6 a -(2'-cyanomethoxythyl)-penicillanqte 149a (48 %) as an oil. 
", 

Crystalization owith carbon te €ra-ehi:-or,ide and hexanes gave 

colorless product, mp 132oC. 

, 
Metbod C ... \. 

Benzhydryl 6,6-dibromopenici-llanate 145 (200 mg, 0.38 

mmel), benzene (4 ml), and acrylonitrile (424 mg, ~7.6 mmel) . , 

were heated under a nitrogen atmosphere. Te this mixture was 

added drbpwise tr ibuty 1 tin hydr ide (115 mg, 0.40 mmol), ben'Zene 

(1 ml) and AlBN (2 mg) over 5 te 6 h (syringe pump). The 

mixture was cooled and the solvent and ~xc~ss acrylonitrile 

removed. < The res idue was disso 1 ved , in benzene (10 ml), trea ted 

with trlbutyltin hydride (155 mg, 3.8 mmol) , AlBN (2 mg) and 

refluxed fo-r 3 h under -a nitrogen atmosphere. The mixture was 

cooled to room temperature an~ the solvent removed. The residue 

was dissol ved in acetoni t-rile (50 ml) and washed three times 

W1 Eh hexanes (50 ml). The sol vent was then removed and the 

residue purified by chromatography using ethyl acetatè -

hexanes (1 : 4) as eiuant giving, the benzhydryl 6 {:3 -(2'-

cyan'Ometl1oxyethy 1 )-penici 11'anate ISle (74mg, 47 %) as an oil. 
.... , 

, , 

Benzhydryl 6a-(2'-cy,anoethyl)penicillanate 149a: ir (CCL4): 
" ' 

2 2 4 9 ( C N ) , l 7 4 0 - 17 8 5 ( b 1 eo-) ; 1 H n m r : 1 • 2 6 and l • 6 2 

Il 
(s,3H,CR3), 2.22 (m,2H,Cl ' -H2), 2.54 (dt,2R,Cg-H2,J= 3, 7), 

3.40 (d t, lH,.c6-H,J= 2, 7), 4.58 -( s, IR, C3-H), 5.13 (d, 1H, C7-H,J= 

t Ils 

c -
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2), 6.94 (s,lH,OCH), 7.35 (bs,10H,Ar-H); 13C nmr : 15.30 (C 2 '),. 

24 .. 65 (Cl'), 2~.06 and 32.98 (CH3), 59.89 (C6), 65.68 (C2)' 

6 6 • 0 4 ( C 5 ), 6 9 • 7 0 ( C 3 ), 7 8 • 4 2 ( CIO) , Il 8 • 5 3 ( C N ) , 1 2 &. - 1 3·9 

( Ar: - C ), l 6 6 • 7 8 (C 7 ), 1 7 2 • 5 5 (C <:) 2); ms (1 90 ° C ): 4 2 0 (M'+', 8.r 0 ) ~ , 

380 (M+,6.0); 209 (M+·,9.2), 168 (41.9), C67 (100), 166 (45.7), 

16 5 . (6 1. 8 ) • E x a c t ffi'a s s ( 1 9 DOC): ca 1 cd. for C 2 4 H 2403 N 2 S : 
• 

420.1507 ; found: 420.1547 • 

Benzhydry1 6 (j -(2'-cyanoethy1)-penicillanate 151c; ir (CC1 4): 

2 2 4 8 ( C N ), I 71 4 2 and 1 7 7 5 ( b " CO) ; I H n m r !, I .·26 and 1 • 60 

" (s,3H,CH 3 ), 2.17 (m,2H,C2'-H), 2.50 (t,2H,C2'-H), 3.69 

(dt,1H,C6-.H,J='4, 8)~ 4.50 (s,1H,C3-H), 5.51 (d,IH,C5-,H,J= 4), 

6.94 (s,1H,COOCH), 7.31 - 7.36 (m,lOH,Ar-H); I3C 'nmr: 15.00 

\ 

(C2'), 22.47 (Cl'), 26.30 and 32.50 (CH3), 52.51 (C6)' 64.99 

(C2), 66.35 (CS), 69.19 (C3), 78.4,0 (CHPh2), 118.54'" (CN), 127'-

139 (Ar-C), 166.78 (C02), 173.59 (C7) • 

. 
Benzhydry1 6a-(2'-carbomethoxyethy1).-penicJ.l1anate 149d; ir' 

, . - '\ . 
('CC14): 1736 - 1770 (b,CO); IH nmr : 1:24 and 1.61 (s,3H,CH3)' 

2.16 (m,2H,C2'-H)" 2.5'0' (m,2H,C1'-H), 3.35 (dt,lH,C6- H,J= ~, 

8), 3.6.~ (s,3H,COOCH3), p4.55 (s,lH,C3-H), 5.07 (d,lH,C5- H,J-

2), 6.93 (s,lH,COOCH), 7.26 - 7.36' (m,10H,Ar-H)i llC nmr : 
-

26.06 and 33.00 (CH3), 23.86 ("Cl'J, 31.36 (C2'),' 51.77 (OCH3)' 
e 

60.74 (C 6 ), 65.49 (C2), 6 •• 48 (CS), 6.9.64 (C3), 78.26 (OCH), 

127 - 139.7 (Ar-C), 166.95 (C7), 172.79 and 173.78 (C02) ; ms 
~ 

( 8 SOC): 451"' (M +, 0.2 ), 371 ( M + 1 3.4 ) 1 279 ( 7.3 ) , 227 (27.6), 

198 (13.1), 194 (65.9), 167 (88.4), 149 (65.3) • Exact' mass 

(100°C): ca1cd. for C25H2705NS 453.1609 ; found: 453.1610. 
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Benzhydryl ,6 ~ ... (2'-carbomethoxyethyl)-penici,11anat~~, ir .. 
(CC14): 1734 - 1771 (b,COh 1H nl1\r~_-: 1.29 and 1.66 (s,3H,CH3)' " 

1 -"\ • 

2.10 (m,lH,Cl'-H), 2.37 (m,lH,C2"-H), 3.65 (m',lH,C6':':H), 3-.71 

(s,3H/ OCH 3), 4.50 (s,lH,C3-H), 5.47 (d,lH,C5-H~J= 4), 6.95 

(s,IH,OCH), 7.30 -7.40 (m,10H,Ar-H): 13C nmi:: 26.35 and 32.16 

( CH 3 ), 2 5 • 7 9 (C l' ), 3 1 • 4 9 ( C 2 ' ), 5 1 • 7 1 ( 0 C H 3 ), ,5 2 .. 4 2 (C 6 ) , 

64.5.1 (C 2 ), 66.96 (C 5), 69.34 (C 3), 78.21 (OC H), 127 - :139.3 . 
'(Ar-C), 167.04 (C7), 173.11 and 174.69 (C02) • 

Benzhydryl 6 a-(2'-acetoxyethy1)-penicillanate !.!ll: ir (CC1 4 ): 

1740 and 1772 tCO) , la nmr : 1.24 'and 1.61 ("s,3H,CH3)' 2.03 

(s,3H, COCH 3), 2.19 (m,2H,Cl'-H), 3.36 (dt,lH,C6-H~J= 2, 6), 

4.18 (m,2H,C2''''',H), 4.56 (s,lH,C3-H), 5.13 (d,lH,C7-H ,J= 2), 

6. 9 2 ( s , 1 H , OC H ), 7 • 2 6 - 7. 3 6 ( m, 1 0 H , Ar - H ) 1 1 3 C nm r : 2 6 • OSa n q 

33.02 (CH3), 20.83 (COCH3), 27.66 (cl'), 59.13 (C6)' 61.98 

( C 9 ), 6 5 • 4 6 ( C 2 ), 6 6 • 58 ( CS), 6 9 • 61 (C 3 ), 7 8 • 2 P ( OC H ), 1 2 6 • 9 -

139.2 5~r'-c), 166.93 (C7), 170.83 (C02), 173.50 (C3'>: ms (110 ~ 

oC): 453 (M+', 1.6), 425 (M+'- CO, 0.9), 325 (M"t°- C6 H8 0 3, 1.8), ~, 

244, (5.1), 188 (34), 1:68'(39), 167 (100). - 0 

Benzhydryl 6p-C 2'-acetoxyethyl )-peni<?i11anate ll!.9.' ir (CC1 4 ): 
. , " 

1741 and 1772 (CO); 1 H nmr: 1.24 and 1.63 (s,3~,CH3)' 2.04 

(s, 3 H , C OC H 3), . 2.18 ( 2 C ) m, H, l'-H , 3.67 (m,lH,C5-H), 4.13 
-

(m, 2H,C2'-H), 4.49 (s, 1H,C3-H )., 5.46 (d, 1H r C6 -H,J= 4.S r;. 6.93 

-(s,lR,'OCH), 7.24 - 7.37 (m,'lOH,Ar-H)V 
. ' 

N-(p-methoxyphe-nyl )-3 Clf-f2'carbomethoxyethy 1) -4-styry 1 aze-t id i­

none,ill; ir (KBr): 1,742 (CO); 1H n~r: 2.21 (t,2H,C l '-H), 2.56 

(m,2H,C2'-H), 3.13 (dt,lH,C3-H,J'= 2, 8), 3.69 (s,3H,C02CH3)' 

\ 
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3.77 (s,3H,OCH 3), 4.33 (dd,1~,C4-H,J= 2,8>16.29 (dd,1H,C5-H,J-

8, 16), 6.76 (d,lH,C6- H,J= 16),- 7.24 - 7.45 (m,9H,Ar-H)., ms 
, , 

(85 0 C) : 365 (M~·,1.2), 313 (4),281 (18),280 (22), 149(73), 

130 (-100). Exact Maas (850e>,: cal,cd. for C22H2304N : 365.16271 

found; 365.1644 • 

N-(p-methoxyphenyl)-4-styry1-azetidinone 155: ir (CC1 4): 1740 
( . 

, 1 

(CO): IH nmr: 2.93 (dd,lH,C3-H,J= 2, 16), 3.4J (dd,lH,C3- H,Ja 

- 4, 16), 3':19- (s,~H,OCH3), 4.64 (m,lH,d 4'-H), 6.31 (dd,lH,CS-H,J-

8, 16), 6.83 (d,lH,C6- H,J= 16), 7.23 - 7.45 (m,(H,Ar-H): ms, 

( 85 0 ): 279 (M + ,1.0), 237 (M +~ - C 3 H 20,7.0), "172 C2. 6 ), 1 ~ 9 

(50.8), 130 (100), 129 (33.8). 

, 

Benzhydryl 6CX--a11ylpenicillanate ~ 

Benzhydryl 6':'bromopenici11anate 144 or. 146 (50 mg, 0.11 

~ol), to1uene (0.4.m1), a11~(ltributy1tin' (74-mg 0.2? mmo1)' and 

AIBN (2.4 mg) was warmed to 65 0 C under a 'nitrogen 'atmoaphe,re 

for;' 45 minuttes. 'The sol vent was' removed and the residue workéd 

up as ?'efore giv.ing 43 m~ (95 %) of J?rodJct as a c01orles,s ~i1; 

ir (neat): 1750 (azetidinone), 1772 (C0 2 ); 1H nmri 1.24 ~nd~ 

1.62 (s,jH,CH3), 2.58 (11\/~H,Cl'-'H), '3.3S l (dt,lH,C6-H,J- ,2','1), 

4 • 5 7 (s, 1 H , C 3 - H ), 5 • 0 9 - 5 •. 1 9 ( m ,. 3 H , e 6 - Han Cl C 3 ' - H ) 1 5 • 7 9 
l ' 

(m,lH,C2,-H),' 6.93 (s,lH,COOC~2) ~ 7.26 : 13e' nmr': 2'6.12 'and . , 
33.1 7 (t H 3) " 32.33 ( el' ),' 60.62 ( C 6 ), 65. 56 (C 2 ), 66.03 ( C 3 )', 

69.73 (CS), 78.28 (OCH), 117.77 '(C3.)' 1,27 - 139 (Ar-C), 133.53 

(Ct'), 167.02 (C7), .173.96 (e02); ms (9S0C ) : 407 (M~·"10.5), 
;. . ~ 

3.,79 (M+: - 'CO, 1.'0), 326 ('M'+" -. C5H50, 1.9), ·2~'o (3.0~/· 168~ 

( 4 8.a ) , 167 (.1 00 ) , 1 6 5 ( 31.0 ), Il 4 (3 2 •. 3) ,1 E x a c t ma s s 

. . 
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ClO'SOet: calcd. for C24H~S03NS: 407.,1555 ; found 407.1562 • 

. 
Ben~ydryl,6p -allyl il! an,d 6,6-diaLlypenicillanate 157 

Benzhydryl 6,6-d,ibromopenicillanate -145 ,(53, mg, f\.10 

mmol), toluene (0.4 ml); al1.ylttibutyltin (64 'mg, 0.20 mmol) 
, 

and AIB~ (2.4 mg) was warmed to 65 0 C ~nder' a nitrogen atmos-
. , -

phere for 45 minut:es~ The' sorvent was' removed and the r~sidue 

dissolved in acetonitrile (15 ml) and washed with hexanes' (20 

~l). Th~ sol vent ~as rem'~yed tobgive a ~ixture of ~-allyl,613-
bromopenicillanate 158 and 6,6-diallylpen.i~i llanate 157 which 

cou1d not be separated by column chromatography. To the above 
'. 

mixture was then' added tributy1tin hydride (44 mg, 0.15·'mmoi), 

benzene (10 ml) and AlBN .(cat) and refluxed for 2 h. The 

mixturé was cooled to room temperatur.e and, the sol vent removed. 

A'fter the usua1 work uP./rand cQlumn chromatography, ,30 mg,of 6~ 

-allylpenici llanate 159 and '9 mg' of 157 was obtained as color.:. 

less oi 1s. 

-
Benzhydr~l ,6p-aI lylpenici llanate ill; ir (neat'): 174~ (âzetidi~ 

. ~f;ln~), '1,773 (CO~); 1H 'nmr: 1.25 and 1.62' (s,3ld,CH), 2.53, 
. , 

(,t,~H~C1'-H,J= 8), 3.68 (dt,lH,C6-H,J= 4,.~) 4.48 (s,lH,C3-H), 

5.05 - 5.12 ,(m,2H,C3'-H), 4), 5.75 
~ - 1 

(m,lH,C2 '-H), 6.94 (s,IH,'COOCH), 7.26,""1 7.34 '(m,10H,Ar~H); I3e 
\ " -

nmr: 26.45 and 31.78 (CHl)', 29.80 (C2'), 53.17- (C6)' 6,4.22~ 
, -" , , 

(C 2), '66.70- (CS), 69.1" (C3), 78.22 (OCH~, 117.12 (C3")' 1-27 -

1 3 9 ('A r - C ) , 1 3 3. 7 4 (C 2 ' ) .1 1 6 7 • 2 0 "<. C 7 ) ,. 1 7'5". 0 6 ( CO 2 ) ; m s 

(11soé)' '. chemicà1 ionization;' ammonia': 425 (M ',+ NH 4+, (f.4)« 
, , "'1. 

392 (M-+'- l,S" 0.2"),391 '(0.8)" 168 (14),,167 (100). · 
, ' 

. ' 
, , ' 
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Benzhydry1 6,6-dia11y1penici11anate ,151, il: (n'èat): 1130 -1780 
'Q • 7""~ -

o (b,CO) 1 1if nmr: 1.,24 and 1.61 (s,3H,CH3), 2'.53 (m,4H',C2,-H), 
• ... rI' 

4.48 (s,lH,C3- H)" 5.11 - 5.19 (m"SH,es-l!' and' C2'-H) 5.81 

(m,2H,C2,-H}, -6;92 (s,lH,OeH'), 7.~,S-7.35 (m,1~H,Ar-H)~'; I 3e nmr: 
, , 1 

2 6 • 2 3 and 3 ~ • 5 5 (C H 3 ~ , 34'. 7 1 and 11. 3 6 -( Cl' ), 6 1. 4 9 ( C 6 ), 6 4 • 4 0 
" . ' 

lC2), 68.26 ,(CS)', 11.03 (C3).' 78.15 (OC'H), ,119.19 "and 1.,19.31 

(Cl'-H'), 121~4-139 •. 4 (Ar-C), 131.76 and 132'.38 (~2t), 166.95 
, , ~ 

(C7), 175.85 (C02):' ms'(95 0 C): 447 (M+o; 0.2), 408 (M+'- C3H4' 
- -

0.7), 401 (2.4); 3~6 (3.0),240 (1.9),.196 (2.3) 168 (35.6), 
-' 

167, (100),- 152 (12.3).- Exàct mass (lOOOC): ca1cd. for 

"C2'7H2903N5: 447.18611 found: 447.1833 • . ' 
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