Diastereoselective Synthesis of

b-Lactams

A THESIS

SUBMITTED TO THE
UNIVERSITY OF PUNE
FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY

IN CHEMISTRY

SUDHIR NARAHARI JOSHI

DIVISION OF ORGANIC CHEMISTRY (SYNTHESIS)

NATIONAL CHEMICAL LABORATORY

PUNE - 411 008



...... To my Parents



CERTIFICATE

This is to certify that the work incorporated in the thess entitled
“Diagtereosdlective Synthesis of b-Lactams’ submitted by Sudhir Narahari
Joshi was carried out by him under my supervison at the National Chemical

Laboratory. Quch material as has been obtained from other sources has been

duly acknowledged in the thesis

Dae:
Nationd Chemicd Laboratory (Dr.B. M. Bhawd )

Pune 411 008 Research Guide



Acknowledgments

| take this opportunity to express my deep sense of gratitude to my
research guide Dr. B. M. Bhawal. His scientific temperament, analytical
attitude and pragmatic outlook have helped me enormously during the
course of my work.

| would like to thank Dr. A. Sarkar for extensive moral support
and Dr. A. R. A. S. Deshmukh, for his critical suggestions. | sincerely
thank Dr. D. G. Panse, Dr. V. K. Gumaste, Dr. Mrs. V. S. Joshi & Mrs. V.
K. Kale for their helpful association and emotional support during the
course of my work. It’'s a pleasure to acknowledge my seniors, Dr. M.
Jayaraman, Dr. V. Srirajan, Dr. L. N. Patkar, Dr. Rasidual Amin, Dr. S. K.
Chowhary, Dr. Surojit Sur for their cooperation and help during my
stay.

Special words of thanks and admiration are due to my colleagues
notably Thiagarajan, Arun and Krishnaswamy, their sober attitude and
sensible approach has helped me a lot. | also thank my labmates V.
keshavachar, Dr. K. N. Jayaprakash, Dr. S. K. Mandal, Dr. V. M. swamy,

Uday, Dr. Pariya, Bikash, Debashish, Sachin, Kavita, Tarun,



Sureshkumar, Dilip, Samanta, Anuradha, liten, Karupayyan for
maintaining cheerful atmosphere (and most of the times, lab also!). |
sincerely thank everybody in OCS for a nice cooperation. | also thank
Vaishali, Sachin & Shailaja, who worked with me for their M. Sc. Project
work. Thanks are due to Mr. Vasanta Kokate and D. G. Jadhav for day to
day lab maintenance and Mr. Bhumkar for timely help.

| was fortunate to be associated with a lively Lunch group in NCL,
with a nice friend circle of Mahesh, Suhas, Sharad, Nitin, Anand,
Prassana, Bhagwat, Surange, Siddesh, Sachin, Ranjit, Avinash, Santosh,
Gajare & Ravindra. | also thank Ramesh, Vivek, Preeti, Sandeep, Karuna,
Jnaneshwara, Bennur, Sachin Deshpande, Sachin Patil and my all well
wishers whom | know personally or are unknown to me. It's a pleasure
to remember Avinash (Mahajan), Udhawesh, Kailas, Suresh, Mandar
with whom | had lively discussions and who introduced and guided me
in the field of molecular modeling.

| gratefully acknowledge help rendered by Microanalytical,
Spectroscopic and Drawing group (Mr. Bhujang). Special thanks to Mrs.
Phalgune for carrying out special NMR experiments. | am thankful to
Dr. Mrs. Sudha Srivastava, Devidas & Mamata, TIFR, Mumbai for

carrying out special NMR experiments and extending general



hospitality during the collaboration. Thanks are due to Dr. Mrs. V. G.

Puranik for her help in X-ray crystallographic analysis and Dr. Mohan

Bhadbhade and Rajesh for informal association.

A special word of gratitude to Ravindra (Deshmukh) and

Rajendra, with whom | stayed during my thesis writing. | am deeply

indebted to my sister Mrs. Apoorva Dev & Mr. Anil Dev (and all Dev

family) with whom | stayed in Pune during my tenure.

It was constant motivation and inspiration from my parents and

my brother, that helped me rededicate myself in the research area.

Especially it was my father, who always was my friend, philosopher and

pathfinder.

Finally I thank Dr. K. N. Ganesh, Head, Division of Organic

Chemistry  (Synthesis) and the Director, NCL, for providing

infrastructural facilities. | am thankful to CSIR, New Delhi for financial

assistance.

Sudhir N. Joshi



CONTENTS

General Remarks i

Abbreviations i
Synopsis ii- vl
Chapter- Diastereosdective  Synthesis of  b-Lactams
Using Chiral AcidsDerived from (+)-3-Carene
11 Introduction 1-12
Section A Synthesis of 3-Hydroxy Protected b-Lactams :
Effect of Steric Bulk on Diastereosdlectivity
12 Present Work 13-14
13 Results & Discusson 14-22
14 Summary 22
Section B Synthesis and Systematic Study in  b-Lactam
Ring Congruction Using Ketenes Derived from
Halo Carane Derivative
15 Present Work 23
16 Results & Discusson 23-35
17 Summary 35
18 Experimental 36-60
19 References 61-64
Soectra
Chapter- | Practical Synthess of Optically Pure
3Hydroxy b-Ladams by Zinc  Inducd
Removal of Chiral Auxiliary
21 Introduction 65-66
22 Present Work 66-67
2.3 Reaults & Discusson 67-71
24 Summary 71

25 Experimental 72-75



26

Chapter-11

31
32
33
34
35
36

Chapter-1V

41
42
43
44
45
56

Chapter-V

51
52
53
54
55
56

References

Joectra

Diastereosdective Synthess of Tetracycdic b-
LactamsUsing Radical Cydization

Introduction

Present Work

Results & Discussion

Summary

Experimental

References

Joectra

Heterocycdiic Ring Formation Usng Radicals
Derived from Aromatic Sysem

Introduction

Present Work

Reaults & Discusson

Summary

Experimental

References

Joectra

Tandem Radical Cydlization: Diagereo
sdective Synthessof 3:6:6:4:7 Ring System
Introduction

Present Work

Results & Discussion

Jmmary

Experimental

References

Joectra

76-77

78-85
86
86-103
103
104-111
112-113

114-115
115-116
116-125
126
127-134
135

136-137
138
138-157
157
158-162
163



Chapter-VI

6.1
6.2
6.3
6.4
6.5
6.6

Stereosdlective Synthesis  of  cisb-Lactams
Usng Glucose Derived Chiral Aldehyde via
Asymmetric Staudinger Reaction

Introduction 164-167
Present Work 168
Resuts & Discusson 168-172
Summary 173
Experimental 174-175
References 176

Soectra



10.

GENERAL REMARKS
All mdting points (recorded on a Thamonk Campbdl mdting point
goparatus) are uncorrected and are recorded on the Cdsus scae,
IR gpectra were recorded as nujol mull or chloroform, on a PerkinBimer
Infrared  Spectrometer Modd 599-B, Modd 1600 FT-IR and ATI Matson,
UK, ModetRS-1 FT-IR, usng sodium chloide optics IR bands ae
expressed in frequency (o).
Proton NMR gpectra were recorded usng tetramethylslane as  internd
reference on Bruker AC-200, Bruker MSL.-300, Bruker DRX-500 ad
Bruker AMX-500. Chemicd dhifts were recorded in pats per million (d,
ppm). Abbrevigions viz, s = dngle, d = doublet, t = triplet, dd = doublet
of doublet, brs = broad snglet, br = broad pesk, dt=doublet of triplet and m
= multiplet have been used to describe spectrd data CDCl; was used as the
lvent unless otherwise mentioned.
C NMR spectra were recorded on Bruker MSL-300 and Bruker AC-200
indrument operaing & 75.2 M Hz and 50.3 MHz repectively.
Herentd andysss (C, H, N) wee obtaned on a Calo-Erba 1100
automatic andlyzer by Dr. S Y. Kulkani and hisgroup & NCL.
Opticd rotation was measured on a JASCO-181 dgtd pdaimee usng
sodium line (5893 A). Concentration is expressed in gny100mL.
The progress of the reecion was monitored by andyticd thin layer
chromaiography  plaes precoated with glica gd 60 Fxy  (Merck).
Puification of the produts was cared out by flash ocdumn
chromatography usng sSlica gd obtaned from Medk (230-400 mesh,
9385 grade).
'H NMR & C NMR spectra of the compounds are atached a the end of
correponding chapter.
Pet. ether refersto the petroleum fraction boiling between 60-80 °C.
El Mass spectra were recorded on a Fnnigan Mat-1020 Spectrometer with
adirect inlet sysem.
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Chapter | Diastereoselective synthesis of b-actams using chiral acids
derived from (+)-3-carene

Section A Synthesis of 3hydroxy protected b-lactams : effect of steric bulk
on diaster eoselectivity

In order to dudy the effect of the deric disposition on the Stereosdectivity in
the b-lactam ring condruction via Staudinger reection, deicdly demanding acids as
ketene precursors were sdlected. These acids were prepared from opticdly pure (+)-3
carene.

The acids (5) were obtained by opening of carane epoxide with dlyl acohal,
protection of secondary hydroxyl group with different protecting groups followed by
oxidation of dlyl group. The cydoeddition of vaious imines (6) with add (5) in
presence triethyl amine and phenyldichlorophosphate, an acid activator gave a
diastereomeric mixture (60:40) of cis-b-lactams (7 & 8) in good yidds (Scheme 1).
Thee diadereomers were sepaated dther by  column  chromatography  or
cayddlisgtion. The absolute stereochemidtry of these b-lactams was edtablished from
sngle crydd X-ray analyss.

Scheme-1

(+)-3-Carene
1 2 3 4
- O
' ?o<R3\ 5 O\/C “OH
y RuCI3 / Naloa .1I0R3 H (6) R2
H Et3N/CH2CI2
4 5 0oC to rt
R3 = Ac, Bn, Bz, Me Rl R2 R3
a  Ph- PMP- Ac

b ph- PMP- Me



Section B Synthess and systematic study in b-lactam ring construction using
ketenes derived from halo carane derivative

The hdo subdgtituted acid chloride 10 was synthessed from (+)-3-carene (1) &
depicted in Scheme-2. The reection of acid chloride 10 with imines 6 under Stuadinger
reection condition gave subdituted b-lactams in good to excdlent yidds with modest
diastereosdectivity. In most of the cases diasereomers (11& 12) were separated ether
by column or cryddlisation. The absolute stereochemistry was established from single
crystd X-ray andysis of one of the diastereomer.

Scheme -2
0
. yO~"0H " o\)LC1
NBS. 7 e Br i) Jones' Oxd, N Br
HO(CH2)20H ! ii) SOCl 2
H
9 10
1 w ot B R
Br 0 R YH EtN/CHCl2 P B N
* 00C to rt
N\ g2 g 78RN
i 0] R2
10 6 12
R R R R’ R R
a Ph PMP e. Syl Ph i.  Syryl a-methylbenzyl
b. Ph Ph f.  Syryl PMP j. Syl t-butyl
c. PMP PMP g. Syl n-Propyl k. Syl Bz
d. Ph Bz h.  Syryl cydohehyl [. Syml furfuryl
Chapter 11 Practical synthesis of optically pure 3-hydroxy b-lactams by zinc

induced removal of chiral auxiliary.

The remova of the chird auxiliay of b-lactams 11 & 12 was effected under
mild conditions usng zinc/ecetic acid to get opticdly pure 3-hydroxy-b-lactams (13 or
14) in dmogt quantitative yidds (scheme 3). In this process the (+)-3-carene, used as
chird auxiliaay was recovered in dmogt quatitaive yidd. One of compounds 3
hydroxy-4-phenyl-b-lactam can serve as a key intermediate for the taxol Sde chain.



vi

Scheme- 3

ZnACOH/MeOH Rl_ Ph, R2_ Ph
reflux, 30 min N R1l=Ph, RZ=PM
R2 o]
13 1
RL
1= 2=
ZWACOH/MeOH Rl ~ Ph, R2 - Ph
reflux, 30 min R1=Ph, RZ2=PMP
R1=PMP, R2= PMF
R2 R1=gtyryl, RR=PM
14 1
Chapter 111 Diaster eoselective synthesis of tetracyclic b-lactamsusing radical

cyclisation

The hdo series of b-lactams (11 & 12) with 4gyryl or 4-methacrolyl
subditutents were prepared in good yidds with moderate diadereosdectivity. The
diastereomers were separated by column chromatography. These b-lactams (11 & 12)
on treament with BusStH undewent 6-exo trig radicd cydisaion with complete
diagereosdctivity to furnish nove teracydic azetidinones (16 or 17) in high yidds
(scheme 4). The absolute Stereochemidry was edablished from the sngle aysd X-
ray andyss of one of the compounds.

Scheme— 4

BugSnH / AIBN
_— .
toluene/ reflux [H"

BugSnH / AIBN
\
J R2 toluene/ refllx |p- l
H % H
HRl HRl
12
16
X =Br,Rl=-Ph, R2=-Ph
-PMP
-n-propyl
-cyclohexyl
-t-butyl

-(R)-(+)-1-phenethyl
Rl=-CH3,R2=-Ph



Vii

Chapter 1V Heterocyclic ring formation using radicals derived from aromatic
system

The reactivity and sdectivity of the radicals deived from the aromatic
subdraes has dso been dudied in radicd cydization of gppropriaidy subdituted b-
lactams. The reectivity of syryl double bond as radicd acceptor in C-C bod
formation was gppreciably high (scheme 5). Smilaly, C-3 imino and oxime eher
vaiants of azetidinones were prepared and used as radicd traps with effective C-N
bond formetion.

Scheme—-5
O— o o)
o}
Bu3SnH / AIBN \—r/
RX B~ N toluene reflux N
( R3 RT N
R3
R2 R1 = H, t-Butyl R2
17 _
R2 =Ph Ph
R3=PMP, —L"H
CH3
0 ) O
~__ — o}
@ [ Bu3sSnH/AIBN \—\//
————>
RY BV_N\ . toluene reflux R —N_
| R R3
N, N_
X B ,
19 R1=H, t-Butyl H20 X
R3=PMP

X = -N-PMP, -N-O-CH 2-Ph

Chapter V Tandem radical cyclisation : diastereosdctive synthess of
3:6:6:6:4 ring system

Viability of tandem radicd cydisation was sudied by prepaing corresponding radica
cacade (scheme 6). The cydlistion resulted in the formaion of 3:6:6:4:6 type of
fused ring system with gppreciably high diastereosdectivity.
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Chapter VI Stereoselective synthesis of cis-b-lactams using glucose derived
chiral aldehydevia asymmetric saudinger reaction.

Diastereospecific  synthess of b-actan (scheme 7) was achieved in
asymmetric Staudinger reection by using chird imine derived from protected glucose
derivative. The absolute dereochemigtry of the b-lactam was determined from single

crystd X-ray andyss.

Scheme -7
PMP H
N O_ H PhO/\C—O
/ 24 Ng PO
Hl" OBn l_ilo
\ Et3N / CHZCI 2 |
o !

23

Note : Compound numbers in the synopsis are not related to the numbersin the
Chapters



Chapter |

Diastereoselective Synthesis of b-Lactams Using

Chiral Acids Derived From (+)3-Carene

The most exciting phrase to hear in science, the one that heralds the most discoveries,
isnot 'Eureka!’ (1 found it!) but 'That's funny...’
Isaac Asmov



1.1 . Introduction

History

It was 1928, when Alexander Heming made the serendipitous obsarvation® that
the growth of ggohylococcus colonies was inhibited in the vidnity of Penicillinium
notatum The antibiotic causng this phenomenon was given name penidllin. In ealy
1940s the therauptic potentidities of penicillin2 were recognized. After the discovery of
this magic drug, Heming usad it as an antissptic and observed reasonably good results.
He usad peniclliny manly as a method of differentid cuture & believed that discovery
of lysosomes was his mgor contribution to the fidd of bacteriology. That's how, 12
years later he wrote®, “The trouble of making it seemed not worth whil€’. Interestingly,
latter on it was proved beyond doubt thet penicillin and its deriveives were the most
important class of antibiotics.

The gdructure of penicllin was debated until 1940. Sr Robert Robinson proposed
thiazolidine oxazolone dructure while Prof. R. B. Woodward drongly  supported
sructure bassd on a 4 membered amide framework. Findly, in 1949 Dorothy Hodgkins®
and Babaa Low completed a three dimensond X-ray cyddlographic andyss of
benzylpenicillin. With this discovery it was established for the firg time the presence of a
4 membered amide in the form of blactam which was responsble for the effective
biologicd activity of antibiotics

Among the naturdly occurring bicydic antibiotics penicllin and  cgphdosporin
ae the mog important ones. The detalled Sructure activity reationship (SAR) dudies of
these antibiotics has led to an innumerable number of derivatives & some of them are
used in dinicd trids routindly.

Mode of Action

The biologicd activity of these antibiotics is mainly due to the presence of b-
lactam ring. The SAR sudies’ have shown that the essential requirement for an antibiotic
is that it should be able to penetrate the outer goheres of the bacterid cdl wal and then
bind in an active foom to the target dte Penicllin binds to the so-cdled ‘penidllin-
binding protens (PCBs) which are specific molecules on the inner membrane of the cdll



wdl. The binding of penicllin to the PCBs causes terminaion of the peptide chan
linking and inhibits the formaion of normd peptidoglycan dructure. This leads to the
weskening of cdl wadl and Iysis.6 The schemdic representation of this phenomenon in
the case of penicillin (Scheme 1) and cephaosporin (Scheme 2) is shown below.

Biological Activity of Penicillin’

Sheme 1
||4 ||4 Ho NHRL
—> o — > R?
o7 N O——N O HN
COOH @ 'l\'HZ COOH COOH
R2NH2 R2
Biological Activity of Cephalosporin®
Scheme 2
RHN
RHN s RHN s o ﬁ/H/S
e /o ]:K A—
— N X Nu
eO N X o q\_/yw%/ AN
COOH COOH COOH

Nu

b-L actamases, b-L actamase | nhibitors and the Resistance to Antibiotics

b-Lactamases’ are the enzymes that bacteria produce to defend themsdves agang b
lactam antibiotics. There are mainly two dlasses of b-lactamases:

1) Seineenzyme lactamases
2) Zinc enzyme lactamases.

The sarine type enzyme lactamases act by covadent acyl enzyme mechaniam (scheme
3).9 These are further dasdfied into class A, dass C and dass D. The zinc enzyme

lactamases are class B type lactamases and they act by non-covdent intermediate
method.



Scheme 3
H— o 35 5
—>
-H —E. SerOH
CO \
SerE

The blactamases dffect the action of blatam antibiotics making it inactive
agang the bacteria This dradicdly limits the therauptic use of blactam antibiotics and
the bacteria ae sad to have developed resdance agang the drug derivative The
phenomenon of bacteria resstance led to a serious ressarch in this fidd and paved the
way for devdopment of novd blactan atibiotics cdled as the blactamase
inhibitors™®** Inhibitor, as the name suggests, inhibits the action of lactamasss. Basically
blactamase inhibitors are compounds which are sructurd variants of the dasscd b
lactams with modified skeleton. They may not have antibictic activity of their own but
they ae usad in the combinaion with biologicdly active antibiotics Spedficdly, they
asociae themsdves with the lactamases, thereby preventing prior interaction of b
lactamase with the blactam antibiotics. The antibiotic activity of the b-lactams is thereby
safeguarded and it can penetrate through the bacterid cdl wall.

Temodillin and Formidedillin™® are the examples of bactamese inhibitors, which
arethe result of extendve SAR gudies of penidillin.

S \ II-| NHCHO
N >\,(
HOOC \>< @
COOH COOH

With the extensve SAR dudies and the discovery of nove, biologicdly active
molecules the earlier conceptions regarding the comparison of chemicad and biologica
activity have dated becoming somewhat irrdevant. Ealier it was suggested that the
antibecterid activity was mainly due to inherent drain in the 4-membered ring or due to
the reduced amide resonance. But both, kinetic and ground dtate effects do not indicate a
ggnificant degree of inhibition of amide resonance in penicllin and cephdosporin. The



bicydic blactans adso does not show exceptiond reactivity. Monocydic blactams with
suitable dectron withdrawing subdtituents may be as reactive as bicydic blactams.
Strained blactams are not necessarily better antibiotics and so the biologica reactivity is
not directly correlated with the chemicd reactivity.

Until 1970, mog of the blactam antibiotic chemistry was revolving around either
penicillin - or  cephdosporin.  The  isolation of  7-a-methoxycephdosporins™  from
Sreptomyces in 1971 dimulated the search for novel blactam antibiotics from microbes.
This extensve quest for novd blactam skeeton has led to the isolaion of active
antibiotics not only from eukaryotic fungi, actinomycetes but even from bacteria This
has led to the expandon of blatam antibiotic family to an ever-incressing number.
Currently following classes of b-lactam antibiotics are known (Fig. 1).

Me OMe
RCOHN S S - S
j/:f ]LME RCOHN\E’/ RCOHN
N ., / N
o) ‘COOH o/ CHzR, o X
R = PhCH2, Ph COzH "1 CO,H
(1) penicillin HoN R = HOOC—CH(CHy)s; X = CH,0OCONH,
)—(CH»),—Me OAC ’LH
HOOC H 2
(3) cephamycin
(2) Cephalosporin SMe
R1
RCOHN e} RCOHN e} R,
/\I:'L/ \JjKS ] J:,\yl/
74 7—N
@ X o 0o COOH
COOH
COH R EL PO M a.R1= CH,0H:R2 = H
= = Et, Ph, Me
R = PhCH(NHz), HOCsHsCH(NH) b.RL=H: R2=CHOH
X = Me, CH,OAc, CH,OCONH, (5) penem

6 . .
(4) Oxacephem (6) Clavulanic acid

RCOHN
RCOHN RCOHN OH D
Y, N
L SCH,CH,NH, j:N o M som
0] (0]

COOH COOH R = Me, CH,F
(7) Thienamycin ’Tle (9) Monobactam
R = CHy, CHOCgH,C=NOH
NH,
(8) Nocardicin

Fig. 1. Different classes of bo-lactam antibiotics.

Recent Developmentsin the Field of b-Lactam Antibiotics



Carbacephems,13 which ae the cabon andogues of cephdosporing ae
sensdiond new anttibiotics. Superior  dability of this antibiotic over cephaosporin and
the ease with which it can be derivatised a 3-postion, is syntheticdly attractive. With the
goprovd of firsgt carbacephem, loracarbef (lorabid) for dinicd use the interest is
continued further.

RCOHN
27—N
0] X
Z
o~ OH
Lorarbid

(X =Cl, R = PhCHzNHp)

The tricydic bactam antibictics caled trienems™ are dso new dass of tricydic

cabacephems. GV 104326, which is a highly potent, broad-spectrum antibacterid agent,

effective agang grampogtive, gramnegaive and anaerobic pathogenic bacteria has
atracted the synthetic aswell as biological community.

CO,H
GV 104326 (tribactam)

Discovery of new active blactam compounds such as thrombin inhibitor,™

prostate specific antigen,16 human cytomegaovirus proteasx—:-17 or the new choleserol
absorption inhibitor*® has renewed interest in the field.

CONMe, OMe
g oy v o
N <
SO N]j O
o _: H O
/l\

N
OMe

Human Cytomegalovirus Protease Inhibitor Cholesterol absorption Inhibitor



CO2H
NH H H
M :_CO2Me
H2oN N 0
- H H
H N, /£ il
o’ s=o ©
HO o N
@]
Me CO2Bn
Thrombin Inhibitor Prostate Specific Antigen Inhibitor
General Methods of b-Lactam Synthesis
R2 RL R x RL
=Y
V7 NH\ V7 N\
o) R3 o) R3
N-C4 bond formation
C3-C4 bond formation
Rl 2 rR1
R \=/

bond formation }_
o ‘R3 olefin & isocyanate

R2 r1 R2
N-C2 9] ’4 B .
NH N1 2+2 cy_cloadditon 0=C=N_ ,
R

2 + 2 cycloadditon
imine & ketene

R2 =38
cC N
Il N

O
(staudinger reaction)

Fig. 2. Schematic representation of conventional methods of lbo-lactam synthesis.
The traditiond methods in the blactam fidd involve formation of 4-membered
amide ring by the generd methodologies as shown inthe Fig. 2

Cs—C4 Bond Formation
Scheme 4

CO,Et CO,Et
CO,Et

Cl
’—cozEt NaOEt
NR
0

R = aryl, cyclohexyl



N — C, Ring Closure®
Scheme 5

Me Me

’—( RMgBr
—_—
EtO,C NHMe o NMe

N — C, Bond Formation?*

Scheme 6
?r ?r
CH2 NaNH 2 CH2
I e
/—NHPh 3 O /7—NPh
o} o~ “NPh 0
Cycloaddition Reactions*
Scheme 7
Me
CISO,N=C=0 Me
+ —>
Me,C=CH, HN o
Staudinger Reaction??
Scheme 8
Ph Ph Ph H
C  CHPh Ph Ph
¢ en T N
Vi
I o) “Ph

Reformatsky Type Reaction Approach

Gilman-Speeter Approach
This reaction is mainly used for the synthesis of 3-unsubdtitued b-lactams. The

yidd of blactam is generdly dependent on the activation and type of zinc used. Gilmen
and Spester first described this type of synthesis (Scheme 9).2*



Scheme 9
Ph

Br CHPh  Zn
—| + || _— >
CO,Et NPh o7 —NPh

7

Manhas a-Bromo-b-Lactam Approach

Manhas €. d. have devedoped this approach wherein they condensed haoester
with iminesin presence of triphenylphosphine (Scheme 10).25

Scheme 10
Br R
Br CHR  PhsP
Br—f—H T — + TMSBr + PhsPO
NAr ~—NAr'

CO,TMS

Asymmetric Synthesis of b-Lactams

Asymmetric synthess of blactans®® has become an important area, as biologica
activity of these blactam antibiotics is closdy reaed to the sereochemistry. Among the
various methods of blactan congruction, metdloester enolae-imine  cyclocondensation,

isocyanate-olefin cydoaddition and ketene-imine cydoadditon are the most widdy used.
Ester Enolate-l mine Condensation?®’

Cydocondensaiion of imine with eder is emerging as a poweful method in the
asymmetric synthess of blactans. Georg et. d. have used dlyl protected chird ester
effectively for the synthess of NH blactams with very high enantiosdectivity (Scheme
11).8

Scheme 11

Ph ~Ph

TBDMSO,

5 . ﬁ| LDA

VR N 94% NH
T “oteoms  MNiys

SOZNH(CGHll)Z ee% 93-97%

The proposed Trandtion Stae for the ester enolate-imine cydoaddition reaction involved
asix membered transition state®*° similar to adol condensation.
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| socyanate-Olefin Cycloaddition®!

In 1963, Graf* reported a method of blactam formation, suitable for large scde
preparation. It involved cydoaddition between N-chlorosulfonyl isocyanate (CS) and
dkenes. Since then this has become an important method in blactam chemistry (Scheme
12).

Scheme 12
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Ketene- mine Cycloaddition Reaction (Staudinger Reaction)*?

Saudinger reaction (ketene-imine cydoaddition reection), is ill the mog
atractive and widdy used method in blactam ring condruction. This has been mainly
due to the opeaiond smplicty, versdility and far reeching goplicability. Cydoaddition
of a ketene usudly gengrated in Stu from an add chloride, and an imine typicdly
proceeds with very high cis diastereosdectivity. The asymmetric verdon of this reection
involves the use of,

1) Chird imineand achird acid chloride

1) Achird imineand chird acid chloride

2 Doudle dereodifferentiaion in which both components i. e acid chloride and

imine are chird.
Asymmetric Induction Using Chiral Imines

Among the chird imines the possble combination can be chird ddehyde and
achird amine or chird amine and achird adehyde. The use of chird adehydes derived
from sugar derivatives is wel known. The diagdereosdectivity with the use of these
ddehydesis dso exceptiondly high (Thiswill be discussed in detalls, in the Chapter 6).
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The use of chird imines derived fran chird amines and achird ddehydes is not
among the effident ways of introducing chirdity in the cydoaddition reaction.>2"3%
Since the newly formed chird center in the blactam ring is away from the chird center
on the amine, the effect of the dtereodirecting groups in facid differentiation is dradticaly
reduced. Therefore, poor to moderate diadtereosdectivity was obsarved by usng chird
amines. However, there are few reports on efficent use of chird amines in the
aymmetric  Staudinger  reaction, which uses bulkier slyl groups for  effective
serendifferentiation (scheme 13).%*

Scheme 13
Ph Ph Ph
| wonl el
| QR NgCH2COCI, EtN ° orR OR
> +
N\)\ CH2Cl>, -400C N\)\ z N\)\
: 64% : © :
COZBn COZBn COan
R: TPS (SiPhg) 95:5
R: TBS (SIMe 2tBu) 90:10

The use of chird ketene and achird imine is dso wdl exploited method in b
lactam ring condruction. Generdly, the use of hydroxy protected chird acids as ketene
precursors does not involve dgnificant chird induction. But the Evans-Sogren derived
ketenes are used successfully in the asymmeric synthess of blactams Recently,
phenantridine was reacted with Evans-§ogren chird ketene, to get exdusivdy trans b
lactam (scheme 14).3*

Scheme 14

o—/(
N
N Et3N, CH2Cl2
—_—>

r.t.,20h

N

The concept of double Stereodifferentiation is gpplied with variable success to the
[2 + 2] cydoaddition reection. High levels of double asymmetric induction is observed
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when Evans-Sogren ketenes and imines deived from (R) & (9-a-amino acd eders
were used (scheme 15).35
Scheme 15

L L
H H

0 PhtN.  : o

SO | PhtNCH,COCI, EGN TBSG

/=\|/N CH2Clp, -180-00C,20h ! N\)\

(0]

CO,Me COMe
90%

Mechanism (Acid Chloride-1 mine Cycloaddtion)

According to the accepted modd, the reaction between acyl chlorides and imines
is assumed to proceed thorough in situ formation of ketene®® followed by interaction
with the imine to form a zwitterionic intermediate, which undergoes an dectrocydic
conrotatory ring closure to give the blactam ring (Fig. 3).

trans 3-inward 3-outward as

Fig. 3. Mechanism of Ketene— Imine cydoaddition.



In generd, (E) imines lead preferentidly to the more hindered cis-blactams while (2)
imines give predominantly the corresponding trans isomers 323

Theoreticd dudies undeteken to edablish the origin of the dgftrans
dereosdection reveded that the reldive energies of the rate-determining trandtion detes,
leading from zwitterions to b-lactams, are dictated not necessarily by deric effects, but
by dectronic torquosdectivity.® For ingtance, it has been cdculaed® a the RHF/6-
31G* levd tha the zwitterionic intermediate having an dectron-donating group in the
ketene fragment (R1 = OH, CHg) has a barrier for conrotatory closure to the b-lactam that
is 812 Kcd/mal lower when it adopts an “outward ” rotation. Since the imine €) attack
on the ketene is preferably from the sde oppodte (exo) to the R group, it leads to the
formdtion of cisblactams The stuation is exactly reversed when R' is electron-
withdrawing group. In this case the “inward’ rotation is energdicdly favorable (for
instancein case of R* = BH; the rotation is favorable by about 12-15 keal/mol).

This concept of torquosdectivity, though, permits the rationdistion of a
substantid amount of the known experimentd data concerning the Staudinger reaction, it
is evident that further investigation in this arealis required.
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Section A . Synthesisof 3-Hydroxy Protected b-L actams: Effect
of Steric Bulk on Diaster eoselectivity

1.2 : Present Work

The use of chird acids in the asymmetric synthesis of b-lactams has been reported
to give moderate chird induction. Our group has reported previoudy,®® asymmetric
synthess of 3-hydroxy-blactam, a precursor for taxol sde chan, usng dericaly
demanding chird add (A), derived from (+)-3-carene. It was used as a ketene precursor
in the Staudinger reaction and was removed by oxidaive cleavage usng MCPBA.
However, the overdl fficiency of the chird acid (A) was moderate as the resulting b
lactans were obtaned as a diastereomeric mixture in aout 60:40 ratio. The other
important weakness being, that it was difficult to separate the diastereomers formed.

The caane sydem beng a deicdly demanding moiety, was expected to
differentiste the chird faces by the virtue of its rigid bicydic skeleton with gem-dimethyl
goup on cycopropane ring. The moderate diadereosdectivity in Staudinger reaction
with this add (A) can be attributed to the presence of planar group in the form of C-4
keto functiondity, which not only removed the chirdity a C-4 center but dso flattened
the ring to a consderable extent.

Then, does the chird center a C-4 influences the diastereosdectivity in the
ketene-imine cycdoaddition? To answer this quedtion, we thought that it was worthwhile
to sudy the modification a the C-4 center of the carane system and the subsequent effect
on the diasterensdectivity in cycloaddition reaction.
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Rk_\protecting group

chiral center

Acid (B)
This section deds with the synthess of functiondly subdituted, C-4 derivatised carane
acids (B) and their use as chird ketene precursor in the Asymmetric Staudinger reaction.

1.3 : Results & Discussion

Preparation of Chiral alcohol 1.02

Carane epoxide was used as a darting materid. The trestment of carane epoxide
1.01 with dlyl doohd in addic conditions undewentt epoxide opening in a highly
regiosdective manner to give subdtituted 3-dlyloxy-4-caranol 1.02 as a mgor product
(Scheme 16).

Scheme 16

,OH
alyl acohol '

e
cat. conc.H2S0O4

1.01

A smdl amount of other isomeric product, 4-dlyloxy-3-caranol was adso obtained during
the reaction, which was separated by fractiond digtillation.

The IR spectrum of the alcohol 1.02 showed a broad pesk a 3450 cmi* typicd of
aoohol. The mass spectrum showed M pesk a 210 (2%). The 'H NMR showed the two-
cycdopropyl methine protons in the region 050-0.80. Two gem dimethyl groups were
seen as dnglets a 0.98 & 1.0, while the tertiary methyl group resonated as a singlet a
1.20. The methylene protons of the carane skeleton were seen in the region between 0.80
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to 240. The methylene protons from the alyloxy group gpopeared as a doublet a 3.95
with coupling congat J = 550 Hz. The termind olefin protons of the dlyloxy group
were seen as multiplets in the region 5.05-550. The remaining olefinic proton of the dlyl
group appeared in the region 5.80-6.10 asamultiplet.

The secondary dcoholic group of 1.02 was protected using different protecting
groups.
Preparation of 1.03a

The dcohal 1.02 was treasted with NaH in benzene 0 as to form a sodium sdlt,
which on quenching with methyl iodide gave methyl eher 1.03a in 75% yidd (Scheme
17).

Scheme 17

Mel

1.03a

The mass spectrum of ether 1.03a showed a molecular ion pesk a 222 (2%). The
'H NMR was similar to the dcohol 1.02 and it showed two gem dimethyl groups in the

form of two snglets & 0.94 & 0.97. The terttiay methyl group a C-3¢ gppeared as a
gnglet & 1.20 while the methylene protons from the carane part gppeared as multiplets in
the region 1.5 to 2.40. The proton a G4¢ gopeared a 3.05 as a dd with J = 8 & 10 Hz.
The methoxy group gppeared as a dnglet a 3.37 while the methylene protons of the
dlyloxy pat appeared as a multiplet in the region between 380 to 4.2. The termind

olefin protons of the dlyl group appeared as a multiplet between 5.0 to 540 and the other
olefinic proton resonated as amultiplet, dightly downfid, in the regon of 5.75 to 6.10.

Preparation of 1.03b

The dcohal 1.02 on trestment with acetic anhydride in presence of pyridine a
0°C gave 4-acetoxy derivative 1.03b in 70% yidd (Scheme 18).
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Scheme 18

0oc

1.02 1.03b

The IR of the acetate 1.03b showed a sharp pesk a 1750 cmi* for the carbonyl of
the acetoxy group. The 'H NMR spectrum showed two singlets & 097 & 1.0 for gem
dimethyl groups. The other methyl group gppeared as a Snglet a 1.27. The methyl from
—OAC group gppeared as a Snglet & 2.02. The proton & C-4 was gppreciably deshidded
and appeared as a dd with J = 85 & 10 Hz a 4.78. The olefinic protons from the dlyl
group appeared in the region of 5.0 to 6.0.

Preparation of Acid1.04a & 1.04b

The oxidiation of 1.03a & 1.03b under Lemieux-Von Rudloff conditions (cataytic
RuClz & NalOs) in a mixed solvent sysem of acetonitrile, carbontetrachloride and water
intheratio of 2.2:1, gave the acids 1.04a (45%) & 1.04b (40%) (Scheme 19).

Scheme 19

O
— e OH
> OR

RuCl3z/NalOg4 _
CH3CN:CCl 4:H20 H
2 21

1.03a,b 1.04a,b

The acid 1.04a showed M™ pesk in mass spectrum at 242 (0.5%). The IR spectrum
showed a broad pesk in the region 3000-3500 cmi® typicd of an acid. The *H NMR
gpectrum showed two dnglets a 090 & 0.93 for two gem dimethyl protons. The methyl
a C-3C gppeared as a dnglet a 1.18 while the methylene protons appeared in the region
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between 1.0 to 240. The methoxy protons gopeared as a dnglet a 3.25. The methylene
protons on the carbon adjacent to the acid group were diastereotopic and appeared as two
doublets & 4.05 & 4.20 with J = 21 Hz. The addic -COOH proton appeared as a broad
pesk in the region of 7.3 t0 84.

The acetoxy acid 1.04b could not be obtained in the andyticdly pure form. The
IR of a sample (>95% purity) showed a broad pesk in the region 3000-3600 cmit typica
for an acid. The 'H NMR gpectrum showed two singlets a 0.98 & 1.0 for the two gem
dimethyl protons The C-3¢ methyl group gopeared as a singlet & 1.14 while the methyl
group of the acetoxy group appeared as a Sngle a 2.20. The methylene protons adjacent
to the add group gopeared as a multiplet in the region 3.90-4.10. The H-4 proton
gopeared as a dd a 4.66, with J = 8 & 9.50 Hz. The acidic proton resonated as a broad
gnglet in the region of 6.90-8.10.

Preparation of b-Lactam 1.05a & 1.06a

The add 1.04a on reection with imine in presence of EtN and phenyl
dichlorophosphate gave diastereomeric mixture of blactam 1.05a & 1.06a in 60% vyidd.
The diastereomers 1.05a & 1.06a were obtaned in 61:39 ratio, as could be confirmed
from the "H NMR of the diastereomeric mixture.

Scheme 20

0_-CO0H

OMe

PhOP(O)CI 5
EtsN/CHoClp 1y
00C-1t, 15 h

1.04a 1.05a 1.06a
The mass spectrum showed a dgnificant molecular ion peek a 435 (50%). The IR
goecturm of the diastereomeric mixture showed blactam cabonyl amide pesk a 1740

cm™.

'H NMR spectrum showed gem dimethyl pesks as singlets a 0.74, 0.79, 0.86 &
090. The C-3¢ mehyl gopeared as two snglets a 103 & 110 from the two
diastereomers. The ring protons of the carane system agppeared as multiplets in between
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0.35-2.80. The methoxy protons of the PMP as wdl as the CA¢OMe appeared as singlets
a 2.86, 3.36 & 3.70. The blactam protons H-4 appeared as a doublet a 5.01 with J = 4.8
Hz & 510 with J = 5.1 Hz respectivdly. The other blactam proton H-3, gppeared as a
doublet & 526 (J = 51 Hz) & 547 (J = 48 Hz). The aomdic protons appeared as
multiplets between 6.7-7.60.

Preparation of b-Lactam 1.05b & 1.06b

The carane acid 1.04b was treted with imine using phenyldichlorophosphate as
an acid activator, in the presence of EtsN as a base. The blactan wes isolaed as a
diastereomeric mixture of 1.05b & 1.06b. The 'H NMR of the diastereomeric mixture
showed pesks in the raio 60:40 indicating a diastereomeric excess of 20%. From the
diagereomeric  mixture, the mgor diastereomer was sepaated by  fractiond
crysdlization using pet ether/ethyl acetale system to get 1.05b as a white caydadline
solid with mp 167-168°C (scheme 21).

Ph

PhOP(O)Cl
| t 104 N CH,Cl
N 3 2Cl i

AN 00C-rt, 15h
PMP
1.05b
NMR of Acetate 1.05b
H H
O\’ Ph
OAc |3 4
2 1
= =N
O Spmp
1.05b

The IR spectrum of 1.05b showed a pesk a 1735 cmi* for blactam carbonyl. The
'H NMR showed two gnglets & 096 and 0.97 for gem dimethyl groups atached to the
C-7¢ while the methyl a& C-3¢could be seen a 1.15. The singlet & 1.82 accounted for the
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methyl of the acetate group a C-4¢ The blactam proton H-4, was seen as a doublet at
5.08 while the other proton, H-3, resonated as a doublet a 5.16. The coupling constant (J
= 50 Hz) was typicd for a cis blactam. Triplet a& 4.60 could be assigned to the proton
H-4¢ to which the acetoxy group is atached. A shap singlet a 3.72 was due to the

methoxy group of p-anisyl moiety. The aromatic protons were seen as multiplets in the
region 6.70-7.50.

The **C NMR spectrum of the diastereomeric mixture (.05b & 1.06b) confirmed
the backbone of the molecule. The pesks in the region 19 to 32 bedonged to the carane
skdeton, which induded the threemethyl groups and the methine carbons. The dgnds
from the methoxy group of PMP moiety as well as the blactam carbons resonated as 4
pesks a 5541, 6313, 7361 and 77.98. The aromdic carbons were seen in the region

between 114 to 134. The blactam carbonyl pesk from C-2 gppeared a 165.42 while the
carbonyl peek of the acetate resonated at 170.33.

X-ray Crystal Structure Determination of 1.05b

To decide the relative stereochemistry of 1.05b, its crystd dructure andysis was
undertaken. The blactam 1.05b was cryddlized from pet ether/dichloromethane system
to obtain suitable crystas for sngle crysta X-ray andyss.

Fig. 4. ORTEP diagram of 1.05b.
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The X-ray sructure of 1.05b (Fg. 4) dealy indicated the absolute
gereochemistry for newly formed stereocenters as 3R, 4S on the bass of known absolute
stereochemistry of caranering system whichis 1R, 3R, 4R, 65

Preparation of Acid 1.07

The sodium sdt of dcohol 1.02 on refluxing with chloroecetic acid in toluene
provided carane acid 1.07 (Scheme 22).

Scheme 22

,OH
NaH / chloroacetic acid
toluenereflux

COOH

1.02 1.07

The mass spectrum of dlyloxy add 1.07 showed a molecular ion pesk a 268
(6%). In the IR spectrum of 1.07 was seen, a broad pesk in the region of 3050-3650 cmi™,
typicad of COOH group. The 'H NMR showed two gnglets a 0.95 and 1.0 for two gem
dmethyl group while the other methyl group was seen as a singlet a 1.30. The H-4¢
proton was seen as a multiplet in the region 4.0 to 4.1. The diagtereotopic protons from —
CH2-COOH were seen as two doublets a 390 & 4.30 with J = 18 Hz. The termind
odinic protons from —CH=CH: of the dlyl group were seen as a multiplet between 5.18-
540. The other olefinic proton was gppreciably downfidd and resonated as a multiplet in
the region 5.75-6.05.

The **C NMR spectrum of acid 1.07 showed pesks a 25.60 & 30.00 for the two
methylene of the carane ring. Other two methylenes groups from O-CH2-COOH and O-
CH2 (dlyl) were seen a 6254 and 67.56. The termind olefinic carbon gopeared a
117.38.
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Preparation of 1.08 & 1.09

The carane acid 1.07 was treated with imine using phenyldichlorophosphate as an
acid activaor, in the presence of EtsN as a base. The blactam 1.08 & 1.09 was isolated

& an insgparable diastereomeric mixture. The diastereomeric ratio was 65:35, which was
deduced, from the 'H NMR of 1.08 & 1.09 (Scheme 23).

Scheme 23

Ph
PhOP(O)CI
j’ + 107 _PhOPOXCI2
N EtsN / CH2Clp
AN 00C-rt, 15 h
PMP

1.08 1.09

The IR of the diastereomeric mixture showed a typicd amide pesk of the b
lactam ring carbonyl, a 1740 cmt. Molecular ion pesk a 461 (17%) in the mass
gpectrum confirmed the molecular weight of the compound.

'H NMR of 1.08 & 1.09

The "H NMR spectrum of diastereomeric mixture of 1.08 & 1.09 showed singlets
a 050, 0.70, 085 0.95 and 1.20 for gem dimethyls atached to the C7¢ and the methyl
group a C3¢ The methoxy group from the p-anisyl could be seen as two singlets a 3.73
and 374 for the diadereomeric mixture The methylene protons of the dlyloxy group
were seen as dose dd a 290 and 3.30 with coupling of 8 and 10 Hz. The H-4¢ proton

was seen as a multiplet in the region 3.80 to 4.10. The termind olefinic protons fram the
dlyloxy group resonated as a multiplet in the region 505 to 540. The other d€finic
proton of the dlyl group was seen downfidd and gppeared as a multiplet in the region



570 to 6.10. The blactam proton H-3 appeared as a doublet a 5.65 with coupling
condant J = 4.7 Hz. H-4, the other blactam proton, was seen aound 520. A high
coupling condant indicated a dis lactam being present. The aromatic pesks resonated in
the region 6.70 to 7.50.

The *3C NMR of the diastereomeric mixture showed methylene carbons from the
caane kdeton a 2544, 2651, 28.36 and 2853. The methylene carbons of the dlyloxy
pat resonated at 62.19 & 62.61 while the methoxy carbon of the PMP group appeared a
5541. The blactam carbon G3 resonated a 62.48 & 63.20 and the G4 at 84.84 & 86.00
respectively. The CA¢ ethered carbon resonated a 79. The termind olefinic carbon of the
dlyloxy group resonated as two pesks a 114.95 and 115.12. The aromatic protons were
seen in the region 128 to 156. The b-lactam amide carbonyl a C2 was seen as two peaks
a 164 and 166 for the diastereomeric mixture.

14 . Summary

(+)-3-Carene could be functiondised in a practicd manner to synthesze a series
of 4-hydroxy protected of b-lactams in good yields. The diastereomers could be separated
by fractiond crystdlization in case of 4-acteoxy-b-lactam. The absolute stereochemistry
of these derivatives was edablished from the dngle crysd X-ray andyss of the 4
acetoxy-b-lactam derivative. The overdl low diagereosdectivity (de~20-25%) suggested
that the chira center a C-4 of acid doesn't have gppreciable effect on the stereochemica
outcome of the cycloaddition reection. Moreover there is no gppreciadle influence of
different protecting groups for hydroxy fuction a C-4, on the sereochemica outcome of
the cydoaddition reection.
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Section B : Synthesis and Systematic Study in b-Lactam Ring
Construction Using Ketenes Derived from Halo

Carane Derivatives.

15 - Present Work

Ealier, we have reported the synthesis of 3-hydroxy-blactams by oxidaive
cleavage of carane based chird auxiliary with keto functiondity a& C-3, usng MCPBA.
However, the chird auxiliary could not be isolaed and dedruction of chird auxiliary
occurred during oxidative deavage (Scheme 24).39

Scheme 24

H H
HO R2
m-CPBA / CH2Cl» _ / COOH
r.t. 48N > N T o H H
o ORI

The possble solution to this problem involved functiondistion of the carane

keeton with an eadly removable group. This prompted us to desgn and synthesze a
chird acd with a functiond group that can be eesly removed. Hdides like Br and Cl
were promigng functiond groups in this context. They could provide a handle, ussful in
the removd of carane pat from the blactam derivaives. Also, functiondisation of the 4-
hado sysems can lead to the synthesis of novel multicydlic Ib-lactam derivatives.

This section presents the synthess of nove blactan derivaives usng carane
derived chird hdo adds It manly deds with the dudy regading synthess
characterization and structure determination of these b-lactam derivatives

1.6 . Results & Discussion

Preparation of Haloalcohols1.10a-b

(+)-3-Carene on reaction with NBS in presence of ethylene glycol a OC to room
temperature yidded bromo dcohol 1.10a in modest yidd. Smilaly, NCS reaction a
60°C gave chloro dcohol 1.10b in 20% yidd. (Scheme 25).
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Scheme 25
- 0
" ~"oH
NBS X NCS
—_—>» <
ethylene glycol ethylene glycol
oocqt H” 600C
H
(+)-3-Carene 1.10a,b (+)-3-Carene
a, X =Br
b, X=Cl

The IR of the bromo acohol 1.10a showed a pesk a 3400 cmi™ typical of hydroxy
group. The 'H NMR showed 3 snglets & 097, 10 and 135 bdonging to the gem
dimethyl and the other methyl a C-3 respectively. The proton atached to the C-4 bromo
center resonated as atriplet at 4.07 typica of secondary bromide.

The ¥C NMR of 1.10a showed pesks & 2996 and 3180 for the methylene
cabons of the carane skdeton. The C-4 carbon atached to bromine gppeared a 59.92
while the two methylene carbons from the glycol moiety resonated a 61.83 and 62.04.
The C-3 carbon was located at 75.25.

The chlorodcohol 1.10b could not be obtained in pure form and was used as such
for the further reaction.

Preparation of Acids 1.11a,b

The hdo doohds 1.10a & 1.10b were oxidized with Jones resgent. The bromo
acid 1.11a was obtained in 80% yidd, while the chloro acid 1.11b was obtained in 60%
yidd (Scheme 26).

Scheme 26
O
X X OH
""" jones oxidation :
o i
09C, 3h .

1.11a,b a, X=Br
b, X=ClI
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The IR of the bromo acid 1.11a showed a broad

0
pesk between 2600-3700 cmi' typicd of the add group. The O\jkOH
'H NMR soectrum showed three methyl groups as three "
snglets & 0.98, 1.0 and 1.40. The proton atached to the G4 H™[>5

4

and the methylene protons a C-2 & C-5 were seen in the H

region 1.30 to 4.20. The methine protons H-1 and H-6 were 1.11a,b s'izz
seen upfidd in the region 0.65-0.90, while the acidic proton
was seen as abroad Snglet in the region 7.30 to 9.0.

The **C NMR spectrum of 1.11a showed pesks a 30.89 and 31.99 corresponding
to the two methylene carbons of the carane skeleton. The C-4 carbon and the methylene
cabon from the acid function were seen a 59.75 and 59.90 respectively. The tertiary
carbon C-3 gppeared a 78.12.

The chloro acid 1.11b was obtained as an ail which showed IR pesks & 1750 & a
broad pesk in the region 2500-3600 cmit. In *H NMR gpectrum methyl a C-3 gppeared
as a dnglet a 1.40. Singlet due to the gem dimethyl groups & C-7 was seen a 1.05. The
cydopropyl methine protons H-1 & H-6 gopeared between 0.65-0.90. The methylene
protons a C-2 & C-5 gopeared as multiplets between 1.2-26. A multiplet in the region
380-395 was assigned to the H-4, while the methylene protons, O-CH>-COOH appeared
as a multiplet in the region 44.20. The proton —COOH appeared as a broad pesk between
7582

The *C NMR spectrum of 1.11b was consgtent with the assigned structure. The
gem dimethyl a C-7, methyl & C-3 and the cyclopropyl cabons C-1 & C-6 appeared as
5 pesks a 1582, 1630, 1951, 21.15 & 2860. C-7 carbon gopeared & 18.35 while the
two-methylene carbons C-2 & C-5 were seen & 31.07 & 31.26. The methylene carbon of
O-CH2-COOH was seen a 60.23 while G4 resonated a 65.42. The G3 carbon appeared
a 79 and the —COOH was found at 175.

Preparation of Acid Chlorides 1.12a,b

The adds 1l.1lab were refluxed with oxdyl chloride in benzene to get
corresponding acid chlorides 1.12ab (Scheme 27). The acid chlorides were used without
further purification, in the next gep.
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Scheme 27

oxalyl chloride
benzene reflux, 2h |,

1.11a,b 1.12a, X = Br
1.12b, X =Cl

Preparation of b-Lactams 1.14&|

The add chloide 1.12a reacted smoothly with imines in the presence of
trithylamine in a ketene imine cydoaddition reection (Staudinger reaction) to furnish a

diastereomeric mixture of cis-b-lactams 1.14a| & 1.15a (scheme 28).
Scheme 28

m Et3N/CH2CI2
00Ctort e

1.12a 1.13a-l

1.15a-|

,Rl=Ph, R2=Ph
,Rl=Ph, RZ2=PMP
,R1=PMP, R2 =PMP

, R1 =styryl, R2 = PMP

, R1 =styryl, R2=Ph

, R1 = styryl, R2 = Propyl

, Rl =styryl, R2 = Cyclohexyl
, R1 = styryl, R2 = tert. butyl
i, Rl = styryl, R2 = (R)-Ph(CH)Me
j, R1 = styryl, R2 = Benzyl

, Rl = styryl, R2 = furfuryl

, R1 =crotyl, R2 = Ph

The diagtereomeric mixture of blactams (1.14al & 1.15al) was isolated in good
to excdlent yidd (Table 1). The diastereomeric ratio was determined from the 'H NMR
goectral data of the crude reection mixture. In dl the cases a low to moderate
diastereosdectivity was observed. The diasereomers were separated ether by flash
column chromatography or by fractiond crysalization.
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Table 1. Synthesis of blactams 1.14a-| & 1.15a1*

Entry R =3 Yidd
1.14a & 1.15a Ph Ph 65
1.14b & 1.15b Ph PMP 70
1.14c & 1.15¢ PMP PMP 70
1.14d & 1.15d Syryl PMP 60
1.14e & 1.15e Synyl Ph 62
1.14f & 1.15f Syryl Propyl €]
1.14g & 1.159 Syryl Cydlohexyl 45
1.14h & 1.15h Syryl Tert. butyl 65

1.14i & 1.15i Syryl (R)-Ph(CH)Me 48
114 & 1.15j Syryl Bezyl 47
1.14k & 1.15k Syryl Frufuryl 37
1.14 & 1.15l Crotyl Ph 29

* diastereoselectivity was around 60:40 in most of the cases.

The blactans 1.14d & 1.15d ae chosen as representative examples for the
discusson.
Preparation of 1.14d & 1.15d

The Imine 1.13d on reaction with add chloride 1.12a, in the presence of
triethylamine, underwent cycloaddition reaction to give a diastereomeric mixture of b-
lactams 1.14d & 1.15d in 60% yidd (Scheme 29).

Scheme 29

PhT
Et3N/CH2Cl 2
112a + H| e
N 00Ctort it

AN
PMP

1.13d 1.14d
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The de was 20% as could be deduced from the *H NMR of the mixture. It was possible to
separate the diastereomers by fractiona crysdlization.

The polar diastereomer 1.14d was a crysdline solid (mp 166°C) with a typicd IR
pesk a 1750 cmit for blactam amide A molecular ion pesk was obtained a 509 (2%) in
the mass spectrum.

N _J(_’ﬂ_ o d K A

g ¥ £ g F 3 T FPm

Fig. 5. "H NMR of 1.14d.

The 'H NMR (Fig. 5 showed multiplets in the region 0.50-0.80 for cyclopropyl
methine protons H-1¢ & H-6¢ The gem dimethyl groups a C-7¢ appeared as two singlets
a 097 & 102 The mehyl group a C-3¢ gopeared as singlet & 1.37. The carane ring
protons gopeared as multiplets in the region 1.5 to 250. The methoxy group of the PMP
moiety appeared as a singlet a 3.77. The H-4¢ proton resonated downfield and gppeared
asadd a 4.05 with J = 8 & 12 Hz. The blactam proton H-4 resonated as a dd a 4.77,
with J =5 & 10 Hz. The other b-lactam proton H-3, appeared as a doublet with J =5 Hz
a 5.12. A high coupling congtant indicated the presence of cis blactam. One of the styryl

protons resonated as a dd a 6.40 with J = 10 & 15 Hz. The dher syryl proton and the
aromdic protons appeared as multiplets in the region 6.7 to 7.5 ppm.

In the 3C NMR spectrum the C-1¢ C-6¢ C3¢CH3 and the two gem dimethyl
cabons appeared a 1543, 17.70, 17.79, 1933 & 2160. The methyl group a C-3¢
appeared & 17.70. The OMe from PMP group, C-4¢carbon & the blactam C-4 carbon
appeared a 55.27, 60.05 & 62.25. The C-3¢ carbon gopeared a 77.39 while the blactam
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C-3 cabon was seen downfidd a 77.72. The syryl as wdl as the aomatic carbons
appeared in the region 110 to 160. The b-lactam amide carbonyl appeared a 164.72.

The absolute stereochemidtry of 1.14d was ettablished from the single crystd X-
ray andysisof 1.14d,

X-ray Crystallographic Data of 1.14d

The blactan 1.14d was cryddlized from pet ethe/dichloromethane system to
obtain crystds, suitable for sngle crystd X-ray andyss.

CzsH32BrNOs, Mr = 51046, a = 5.851(3), b= 18672 (4) , c = 23497 A ,a =9, b = o0,
g=9" V=267(2 A3 Z=4 reac= 1321 Mg >, Rw = 01320, T = 293 (2) K,
GOF — 0.8%4.

Data wee coollected on Enaiuf Nonius CAD-4 dnge oydd X-ray
diffractometer using Cu-Ka radiation (I = 0.71070 A) and w-29 scan mode to a g range
of 205 to 24.95°. The sructure was solved by direct postiond and anisotropic thermd
paranges for non hydrogen aom converged to Rw = 01125 R1 = 00556 for 2597
unique obsarved reflections. Hydrogen atioms were geomericaly fixed and confirmed by
a difference Fourier, which was hdd fixed during the refinement. The refinements were
caried out usng SHELEX-97.

Fig. 6. ORTEP diagram of 1.14d.



From the X-ray crystd dructure andyss the absolute stereochemidtry a the C-3 and C-4
of blactam was established as 3R, 4S.

The nonpolar diastereomer 1.15d was dso a cyddline solid with mp 158-160°C.
The IR of 1.15d showed a b-lactam amide pesk a 1750 cmi™.

&
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Fig. 7. "H NMR of 1.15d.

The *H NMR of 1.15d showed the two cydopropyl methine protons H-1¢ & H-6¢
as a multiplet in the region 0.20-0.70. The gem dimethyl protons @ G7¢resonated as two
snglets a 093 & 0.95. The methyl a C-3¢ appeared as a Snglet a 1.45. The methylene
protons H-2¢ & H-5¢ resonated as multiplets in the region 1.40-240. The methoxy group
appeared as a snglet at 3.75. The H4¢ was seen at 4.07, as a triplet with J = 10 Hz. The
blactan proton H-4 resonated a 4.72 as a dd, with J = 5 & 10 Hz. The other blactam
proton H-3 aopeared & 522 as a doublet with coupling condant 5 Hz. A high coupling
condant indicating presence of cis blactam ring. One of the olefinic protons from the

Syryl part appeared & 6.34 (dd with J = 10 & 15 Hz). The other styryl proton and the
aromdic protons gave multiplets in the region 6.70-7.50.

The pogtions of different protons was further confirmed from ther COSY NMR
spectra.



31

t_A_MgUW’K

=4 ﬂ -
i. Q- ﬂ ‘ : : l.tl
'’ “ 1 _
o & ' |
i 4 . [ 5.0

Fig. 8. COSY NMR spectraof 1.15d.
Table 2. Connectivity among adjacent protonsin the COSY NMR of 1.15d

Proton no. Chemicd shift ~ COSY
(mutiplicity) connectivity

Ha2¢ 145157 (m) Hb-2¢ H-1¢
Hb-2¢ 2.20 (dd) Ha-2¢ H-1¢
Ha-5¢ Hb-5¢ 24 (dd) H-4¢ H-6¢
H-4¢ 4.07 (t) Ha-5¢ Hb-5¢
H-4 472 (dd) H-3, styryl
H-3 522 (d) H-4

The COSY NMR (Table 2) afirmed the postions of methylene protons a C-2¢ &
C5¢ The two protons a C-5¢ were not gpprecicbly diastereotopic. Both of them



32

resonated around the same posdtion. But, the protons a C-2¢ (Ha2¢ & Hb-29 were
gppreciably diagtereotopic and they appeared a different postions.
Both the diastereomers showed a peculiar trend in the opticd rotation (Table 3).

Table 3: Optica rotation of individud diastereomers

S. R'& R Compd.  [a]o(Conc.ing/100ml Corflig.
No. No. of CH2Cl)
1 R'=Ph; R =Ph 1.14a +21° (c 0.2) 3R 4S
1.15a -100.90° (c 0.22) 3S 4R
2 R'=Ph; R =PMP 1.14b +18.70° (c 0.31) 3R, 4S
1.15b -114.17° (c 0.48) 3S 4R
3 R'=PMP; R’ = PMP 1.14c +20° (c0.23) 3R 4S
1.15¢ -12356° (c 0.23) 3S 4R
4 R' = styryl; R = PMP 1.14d +33° (c 1.85) 3R 4S
1.15d -122.9 (c 1.85) 3S 4R
5. R’ =gtyryl; R =Ph 1.14e +20° (c 0.28) 3R 4S
1.15e -103.90° (c 0.41) 3S 4R
R'= syryl; R = t-butyl 1.15h -33.70° (c 0.54) 3S 4R
R' = -CH=CH-Meg, 1.141 +30° (c 052) 3R 4S
R*=Ph

In case of 1.14d, the absolute configuration was assgned by X-ray andysis to be
3R 4S a the azetidinone ring centers. The optical rotation for 1.14d was +33°. All the
diastereomers (1.14) with postive opticd rotation showed smilar NMR spectrd  paiterns,
therefore 3R, 4S configurdtion was assgned to these diastereomers. The absolute
configuration of 3S, 4R was assigned to dl the diastereomers (1.15) with negative optica
rotetion. This was gsrongly supported by 'H NMR gpectrd data, which showed smilar
pettern for dl the diastereomers.

Table 4 shows the characterigtic *H NMR data for the important protons in case of
diastereomers 1.14 & 1.15.
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Table 4. Characteristic 'H NMR datafor 1.14 & 1.15
Gem C3¢
R'&R° Diat. H3 H4 DimethylG7¢ mahyl  Ha2t Hb-2¢
R'=ph 1l14a 523 518 089&093 121 123127 204220
RF=Ph 115a 531 512 074&08 127 080104 159162
R'=ph 114b 519 512 087&091 119 132 218
RR=PMP 115b 527 505 074&087 124 094 157
R'=PMP 114c 515 507 089&09% 118 133 212
RR=PMP 115c 524 50 076&08 124 094 154170
R'=synyl 114d 512 477 097&102 137 150 225240
RR=PMP 115d 52 472 093&095 145 145157 220
R'=synyl 114e 515 48 09&102 137 140 230240
RF=Ph 115¢e 523 478 092&09 145 140160 218
Rzlz WY 115h 493 438  087&090 136 130150 208
RP= t-butyl
Ri=aoyl 114 408 458 ow7&102 13 145 225240




Table 1 indicated that the overdl sdectivity is poor to moderate in the series 1.14
& 115 Sill a notable observaion among the synthess of 1.14 & 1.15 szies of b
lactams is a margind reversd in the diagereodectivity. In cae of blactams 1.14ac &
1.15a-c, a diatereosdectivity of 60:40 was obsarved. However, in case of 4-gyryl-b-
lactams 1.14d-l & 1.15d-1 a diastereomeric ratio of about 4555 in favor of 1.15 was
observed, with a reversd of diagtereosdectivity. Though this is a margnd change and
doesn't involve any subgantid enhancement in the diastereosdectivity. However, it is
not possible to give a concrete and rationd andysisfor this observation at this sage.

Preparation of 1.16d & 1.17d
The Imine 1.13d on cydoaddition with add chloride 1.12b in the presence of

trithylamine underwent cycdoaddition reection to give a diastereomeric mixture of b
lactams 1.16d & 1.17d in 60% yield (Scheme 30).

Scheme 30
Ph (
T | o. H H
' Cl
Et3N/ CH2Cl '
1.12b + H| W
N\ Hl"' —N
PMP 0
1.13d 1.16d 1.17d

The diastereomeric mixture was isolaed as a white solid (mp 128-131°C) with
very low diagtereosdectivity (de 20%). The individud diastereomers couldn't be
separaed from the diastereomeric mixture. The IR of the mixture showed a pesk a 1750
cmi’ typica of blactam amide. A smal molecular ion pesk a 465 (0.1%) was seen in the
mass spectrum.

The 'H NMR spectrum of the diastereomeric mixture showed cyclopropyl
methine protons in the region 055 0.85. The dnglets for to the gem dimethyl groups
were seen a 0.90, 0.96 & 0.98. The methyl group a C3 resonated as singlets at 1.33 &
1.40. The methylene protons H¢2 & HE5 gppeared as multiplets in the region 1.30 2.50.
The OMe protons from the PMP moiety appeared asa singlet a 3.76. The H¢4 proton



reonated as a multiplet in the
region 3.78-420. The blactam
proton H-4 appeared a 4.60
(dd, J =47 & 89 Hz) & 484
(dd, J = 48 & 89 Hz). The
other b-lactam proton H-3

gopeared as a doublet a 5.18 (d, J = 4.7 Hz) & 5.26 (d, J = 4.8 Hz) for the diastereomeric
mixture. One of the olefinic protons beonging to the styryl part appeared as a dd a 6.32
& 6.40 while the other one was seen in the region 6.60-7.50, where the aromdtic protons

PN

¢
H

1.16d 1.17d

aso resonated.

The 3C NMR of the diastereomeric mixture showed the carbons C-1, C-6, gem
dimethyl and C-3 methyl in the region 15 to 30. The methylene carbons a C-2 & C-5
aopeared a 3067, 31.04, 3221 & 3241. The C¢4 gppeared a 55.42 while the carbons
C4 & the OMe gopeared a 6195 6255 & 6508, 66.08 regpectivdy for the
diastereomeric mixture. The blactan carbon C-3 gopeaed a 76.62 & 77.48 while C-3
carbon resonated a 77.90 & 78.38. The dyryl and the aromatic carbons resonated in the
region 114-131. The amide carbonyl pesk belonging to the b-lactam was seen at 155.28.

The reaction of 1.12b as a ketene precursor with other imines was dso tried. But
the products obtained were non-polar liquids and were difficult to purify by column
chromatography. The yidds and diastereosd ectivity was aso disgppointing.

1.7 . Summary

A novd chird axiliay in the form of 4-bromo and 4-chloro carane acid was
gynthesized from (+)-3-Carene as a chird source The subsequent acid chlorides
gnoothly reacted with imines unde typicd ketene-imine cydoaddition reaction
conditions to fumish novd blactams The ovedl vyidds wee good and
diastereosdectivity was low to moderate. In mogt of the cases the diastereomers could be
separated ether by flash column chromaography or by fractiond cryddlization. A low
levd of diastereosdectivity demondrated that a bulkier group like bromine directly
attached to the C-4 center of the carane skeleton, doesn't have gppreciable effect on the
gereochemica outcome of the cycloaddition reaction.
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1.8 . Experimental

SECTION A
Synthess of (IR, 3R, 4R, 65 4-Allyloxy-4,7,7-trimethyl-bicyclo[4.1.0]heptan-3-ol
1.02

To a dirred mixture of carane oxide 1.01 (0.760 g, 5 mmal) and dlyl dcohd (5
mL), caaytic amount of cons H,SO, was added at 0°C. The reaction mixture was
dlowed to dir for 1 h. After the completion of the reaction (TLC), the reaction mixture
was diluted with water (25 mL) and extracted with ethyl acetate (3 x 25 mL). The
combined organic extract was washed with sat. NaHCOs (20 mL), water (2 x 20 mL),
brine (15 mL) and dried over NgSO, Concentration under reduced pressure afforded
crude oil, which was purified by column chromatography (dlica gd, 60-120, pet.
ether/ethyl acetate) to get 0.63 g (60%) of dcohol 1.02 asapde yelow ail.

[a]P2s : -392 (c3.75, CHC).
IR (cm™) . 350,
'H NMR : d 050080 (m, 2H), 0.98, 1.0 (2s, 6H), 1.20 (s, 3H), 0.80-

240 (m, 4H), 345 (dd, J = 950, 11 Hz, 1H), 395 (d, J =
550 Hz, 2H), 505-5.50 (m, 2H), 5.80-6.10 (M, 1H).

MS [m/e(%)] . 211(M*+1, 2), 210 (M*, 2), 151 (50), 137 (100), 123 (42),
109 (85), 97 (55), 74 (75), 67 (55).

Synthess of (1S, 3R, 4R, 6R) 3-Allyloxy-4-methoxy-3,7,7-trimethylbicyclo[4.1.0]-
heptane 1.03a

To a dirred solution of dcohol 1.02 (1.05 g, 5 mmoal), in dry benzene (30 mL),
NaH (50% digperson in ail, 298 mg, 6 mmol) was added over 20 minutes a& OC. The
reection mixture was dlowed to come to room temperature and further dirred for 1 h.
After 1 h, the reaction mixture was again cooled to 0°C and Md (049 mL, 8 mmal)

was added dowly over 15 minutes to it. The reaction mixture was dlowed to atan
room temperaiure and dirred further for 8 h. The reaction mixture was then diluted
with ice cold water (40 mL) and glacid acetic acid (0.5 mL) was added to it. It was
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extracted with ethyl acetate (3 x 25 mL) and the combined organic extract was washed
with sat. NaHCO; (20 mL), waer (3 x 20 mL), brine (20 mL). Drying over NgSO,
followed by concentration under reduced pressure aforded crude oil, which was
purified by column chromatography (dlica gd, 60-120, pet. ether/ethyl acetate) to get
0.89 g (80%) of 1.03a asacolourless ail.

[a]P2s . -491° (c 057, CHCh).

IR (cm?) : 1050, 1360, 2950.

'H NMR :d 05095 (m, 2H), 094 & 097 (25 6H), 1.20 (s 3H), 15
240 (m, 4H), 305 (dd, J = 8, 10 Hz, 1H), 337 (s 3H), 380
4.20 (m, 2H).

MS[m/e (%)] L 223 (M1, 1), 222 (M*, 2), 151 (50), 123 (88), 109 (100), 99
(92), 93 (87).

Synthess of (IR, 3R, 4R, 6S) 4-Allyloxy-4,7,7-trimethylbicyclo[4.1.0]hept3-yi
acetate. 1.03b.

To a dirred solution of dcohol 1.02 (1.05 g, 5 mmoal) and pyridine (042 mL, 5
mmol) in dichloromethane (30 mL) wes added acetyl chloride (042 mL, 6 mmol)
domy over 10 min & 0°C. The reaction mixture wes dlowed to ir at room
temperature for 6 h. After completion of the reaction (TLC), it was diluted with ice
cold waer (25 mL) and extracted with dichloromethane (3 x 25 mL). The combined
organic extract was washed with sat. NaHCOs (20 mL), water (3 x 20 mL), brine (20
mL). Drying over NaSO, followed by concentration under reduced pressure afforded
caude oil, which was purified by column chromaogrephy (dlica gd, 60-120, pet.
ether/ethyl acetate) to get 1.0 g (80%) of 1.03b as a colourless ail.

[a] s . -575 (c5.65 CHO).
IR (cm™) . 1750,
'H NMR :d 060-0.75 (m, 2H), 097 & 10 (25 6H), 1.27 (s 3H), 2.02

(s 3H), 085250 (m, 4H), 3.804.00 (m, 2H), 478 (dd, J =
85, 10 Hz, 1H), 5.0-5.35 (M, 2H), 5.256.0 (M, 1H).

MS[nve (%)] . 253 (M*+1, 05), 135 (59), 119 (55), 109 (87), %4 (82), 93
(100), 90 (%5).
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Synthesis of (1€S, 3R, 4R, 6R) 2-[4¢Methoxy-3¢, 7¢ 7¢trimethylbicyclo[4.1.0]hept-3-
yloxy]acetic acid 1.04a.

To a dirred solution of ether 1.03a (0.224 g, 1 mmal), in the solvent sysem of
CHLN: Cdy HO (2 2 3, 25 mL), powered NaO, (064 g, 3 mmol) was added
followed by ca. RuCl; (2 mg) a 0°C. The reaction mixture was dirred a this
temperaiure for 4 h. After completion of the reaction (TLC), isopropanal (0.5 mL) was
added to dedroy ay unreacted oxidant. The reaction mixture was badsfied with sa.
NaHCO; (10 mL) and extracted with CHCl3 (2 x 20 mL). The aqueous layer was
addified with dil. HCl (15 ml) a& O°C and extracted with ethyl acetate (3 x 20 mL).
The combined organic extract was washed with waer (20 mL), brine (20 mL) and
dried over NaSOs Concentration under reduced pressure afforded 1.04a (0.109 g,
80%) asan ail.

[a] s . -1916° (c0.72, CHCl).
IR (cm?) : 1740, 3000-3500 (broad).
'H NMR :d 040-075 (m, 2H), 090, 093 (2s, 6H), 1.18 (s 3H), 100

240 (m, 4H), 305 (dd, J = 8, 950 Hz, 1H), 325 (s 3H), 402
(d, J=21 Hz, 1H), 418 (d, J = 21 Hz, 1H), 7.38.4 (bs, 1H).

MS[m/e (%)] . 242 (M*, 05), 166 (33), 151 (46), 123 (60), 109 (75), 93
(100), 85 (64), 81 (50).

Snthess of (14S, 3R, 4R, 64R) 2-[36¢7¢ 7¢trimethyl-4¢Methylcarbonyloxybicyclo-
[4.1.0]hept-3¢yloxy]acetic acid 1.04b.

1.03b (0252 g, 1 mmol) was oxidised by jones oxidation usng a Procedure
similar to the preparation of 1.04ato get an acid 1.04b (0.108 g, 40%) asan ail.

[a]P2s © +110° (c 1, CHC).

IR (cm?) : 1740, 1750, 3000-3600.

'H NMR . d0.60-0.80 (m, 2H), 0.98, 1.0 (2s, 6H), 1.14 (s, 3H), 220 (s, 3H),
1.1-23 (m, 4H), 390-4.10 (m, 2H), 466 (dd, J = 8, 950 Hz, 1H),
6.90-8 (bs, 1H).

*C NMR d 15,53, 16.24, 17.62, 18.91, 19.99, 20.87, 25.15, 28.03, 30.08,

FAON T7A N7 77 A ATINTIN ATIN A
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59.80, 74.37, 7745, 170.79, 173.35.

MS[m/e (%)] © 137 (47), 119 (65), 109 (65), 93 (100).

Synthess of (1S, 3¢R, 4MR, 6®R)1-(4¢Methoxyphenyl)-3-[4¢¢-methoxy-3,7,7-tri-
methylbicyclo[4.1.0]hept 3@yl oxy]-4-phenyi-(3S, 4R)-azetan-2-one.l.05a & 1.06a

To a dirred solution of imine (0.211 g, 1 mmal) and EiN (0.303 mL, 3 mmoal)
in dry dichloromethane (15 mL), a solution of acdd 1.04a (0540 g, 2 mmal), phenyl
dichlorophosphate (0420 g, 2 mmol) in dry dichloromethane (5 mL) was added drop-
wise @& O°C over a period of 1 h. The reection mixture was dlowed to warm up to
room temperaure and girred overnight. It was then diluted with dichloromethane (20
mL) and washed successvey with waer (25 mL), sa. NaHCO; (20 mL), brine (20
mL) and dried over anhydrous NaxSOs. The solvent was removed under vacuum and
the resdue on column chromaogrephy (dlica gd, 60120, pet. ether/ethyl acetate)
gave 0.301 g (65%) of diastereomeric mixture of cis-b-lactams 1.05a & 1.06a in the
ratio of 60:40, which was determined from the *H NMR spectral data.

M.P. © o 125°C.

[a]Pss : -2333° (¢ 0.06, CH.Cly).

IR (cm?) . 1510, 1740.

H NMR : d0.35065 (m, 2H), 0.74, 0.79, 0.86, 0.90 (4s, total 6H),

1.03 & 1.10 (25, total 3H), 1.0-1.38 (m, 1H), 1.40-165 (m,
1H), 1.80-2.10 (m, 1H), 2557 & 2.80 (dd, J = 9, 950 Hz, total
1H), 2.86 & 3.36 (25 totdl 1H), 3.70 (s, 1H), 5.01 & 5.10(d,
J=48Hz& d, J= 5.1 Hz respect., totdl 1H), 5.26 & 545 (d,
J=51& d, J = 4.8 Hz respect., total 1H), 6.70-6.80 (m, 2H),
7.18:7.60 (m, 7H).

MS[m/e (%)] . 437 (M*+2, 10), 435 (M*, 50), 269 (47), 212 (100), 167 (79),
135 (66).

Microandlysis © M. F. CyHaNO,.
Cdculaed  C:7446 H:7.64 N:322

Obtained C:7420 H: 790 N: 301
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Synthesis of 1-(4¢Methoxyphenyl)-3-{ 4@-methoxy-3¢¢, 78, 7¢¢-trimethyl-(1 ¢S, 3MR,
4@®R, 66IR)-bicyclo[4.1.0]hept-3¢¢yioxy]-4-phenyi-(3S, 4R)-azetan-2-one 1.05b &

1.06b.

The treatment of acid 1.04b (0484 g, 2 mmol) and phenyl dichlorophosphate
(0420 g, 2 mmal) with a mixture of imine (0211 g, 1 mmol) and EtsN (0.303 mL, 3
mmol) at OC provided a mixture of cis-b-lactams 1.05b & 1.06b, 0.261 g (60%) in the
retio, 58:42, which was confirmed by *H NMR spectrad daa The diastereomers were
sepaaed by fractiond cryddlization when the mgor diasereomer 1.05b could be
isolaied in the pure form after angle cryddlization (30%) from pet ether/ethyl acetate

system.

M.P.
[a] P
IR (cm™)

'H NMR

3C NMR (Mix.)

MS[m/e (%)]

Microandyss

167-168°C.
+48.94° (c 1.4, CH2Cl).
1735

d 050-0.75 (m, 2H), 096, 097 (25 6H), 1.15 (s 3H), 0.85
210 (m, 4H), 1.82 (s, 3H), 372 (s 3H), 460 (dd, J =78, 84
Hz, 1H), 508 (d, J = 50 Hz, 1H), 516 (d, J = 50 Hz, 1H),
6.78 (d, J = 8 Hz, 2H), 7.1-7.5 (m, 7H).

d 1915 1936, 2019, 2035, 2113, 2127, 2542, 2838,

269, 3142, 315, 5541, 6314, 7361, 7400, 76.82
11428, 11872, 12826, 12875 13091, 13430, 156.14,
16542, 170.33.

464 (M*+1, 10), 463 (M*, 49), 269 (53), 268 (66), 212 (83),
211 (100), 135 (50), 93 (53).

M. F. GgH3sNOs,
Cdculated C:7255 H:718 N : 302

Obtained C:7226 H:6.90 N:280
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Synthesis of 2[4¢-Allyloxy-4¢7¢ 7¢trimethyl-(1¢R, AR, 44R, 64S)-hicyclo[4.1.0]hept-3-
yloxy]acetic acid 1.07.

To a solution of 1.02 (6.3 g, 30 mmal) in dry toluene (30 mL), dean pieces of
sodium (1 g) were added and the reaction mixture was refluxed for 15 h. The reection
mixture was dirred a such a rate that the sodium was broken into fine globules The
reection mixture was cooled to room temperature and the unreacted sodium was
removed by filtration through glass wool. The filtratle was hested to 8590°C and a
solution of chloroecetic add (12 g, 125 mmal) in dry toluene (30 mL) was added
with dirring in such a way that the refluxing is not vigorous. A heavy precipitate of
sodium chloroacetate forms immediately. The reection mixture was refluxed for 48 h.
It was cooled and diluted with toluene (120 mL) and extracted with water (3 x 100
mL). The aqueous layer was acidified with 20% HCI. The crude acid, which separated,
was extracted with benzene (2 x 15 mL). The remova of benzene by didillation under
reduced pressure daforded crude product, which was purified by column
chromatography so asto give 1.07 asan ail (4.82 g, 60%).

[a] s : +11.0° (c 0.5, CHCl3).
IR (cm?) : 1380, 1751, 2939, 3050-3650.
'H NMR : d0550.85 (m, 2H), 0.95 & 1.0(2s, 6H), 1.30 (s, 3H), 1.65-

1.90 (m, 1H), 2.05-2.40 (m, 2H), 3.05 (dd, J = 8, 1050 Hz,
1H), 3.90(d, J = 18 Hz, 1H), 405 (d, J = 55 Hz, 2H), 4.30
(d, J = 18 Hz, 1H), 5.10-5.40 (m, 2H), 5.75-6.05 (M, 1H).

¥C NMR d 14.63, 15.86, 17.76, 18.92, 20.48, 25,60, 28.38, 30.00,
62.54, 67.56, 78.45, 8451, 117.38, 134.46, 173.11.
MS[m/e (%)] : 270(M*+2,05), 269 (M+1, 1), 268 (M*, 6), 151 (24), 121

(35), 109 (58), 93 (100), 0 (57), 79 (26).

Synthesis of (3R, 4S, 1R, AR, 4S, 6¢S) & (3S, 4R, 1R, AR, 44S, 66S) 3-[4¢-Allyloxy-
4¢7¢ 7¢-trimethyibicyclo[4.1.0] hept- 3¢yl oxy]-1-(4¢& methoxyphenyl)-4-phenyl-azetan-
2-one 1.08a & 1.09a.

To a dirred solution of imine (0211 g, 1 mmol) and EtN (0.303 mL, 3 mmoal)

in dry dichloromethane (15 mL), a solution of add 1.07 (0536 g, 2 mmal), phenyl
dichlorophosphete (0420 g, 2 mmoal) in dy dichloromethane (5 mL) wes added drop-
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wise a O°C over a peiod of 1 h. The reaction mixture was dlowed to warmup to
room temperature and girred overnight. It was then diluted with dichloromethane (20
mL) and washed successvely with waer (25 mL), sat. NaHCO3; (20 mL), brine (20
mL) and dried over anhydrous Na&,SO, The solvent was removed under vacuum and
the resdue on column chromatogrephy (dlica gd, 60120, pet. ether/ethyl acetate)
gave a diastereomeric mixture of 1.08a & 1.09a (0.313 g, 68%) in the raio 62:38
which was determined from the *H NMR spectral data.

The diasereomeric mixture of 1.08a & 1.09a was isolated as awhite solid.

M.P.

[a]"2s
IR (cm?)

'H NMR

¥C NMR

MS[m/e (%)]

Microandyss

117-118°C.
-1385° (¢ 1.95, CH.Cl).
1220, 1240, 1510, 1740.

d 0.250.80 (m, 2H), 05, 0.70 (2s, totd 3H), 0.85 095 (25,
totd 3H), 1.20 (s 3H), 0.80-2.30 (m, 4H), 2.90 (dd, J = 8, 10
Hz, 1H), 330 (dd, J = 8, 10 Hz, 1H), 373 & 374 (2, totd
3H), 3504.15 (m, 2H), 505540 (m, 3H), 565 (d, J = 47
Hz, 1H), 575610 (m, 1H), 670685 (m, 2H), 7.15750 (m,
7H).

d 1439, 1508, 1582, 1597, 1760, 1781, 1899, 1928
2056, 20.78, 2544, 2652, 2837, 2853, 3037, 30.59, 3541,
62.19, 6248, 6261, 6320, 79.01, 8162, 8455 8584, 86.00,

11434 11495, 11552, 11875 11883, 12817, 12841,
12854, 12877, 13099, 13454, 13498 13637, 13663
156.20, 164.14, 166.16.

462 (M*+1, 7%), 461 (M", 17), 251 (58%), 211 (100%), 210
(75%), 193 (45%), 91 (37%).

M. F. CogH3sNO,.
Cdculated C: 7546 H: 764 N : 303

Obtained C: 720 H:748 N : 289
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Section B :
Preparation of (14S3¢R,44R,64R)-2-[4¢Bromo-3¢,7¢, 7¢trimethylbicyclo(4.1.0)hept-3¢
yl-oxy]ethan-1-ol 1.10a

To a dirred solution of (+)-3-carene (136 g, 10 mmoal) and ethylene glycol (3.1
mL, 50 mmal) in dichloromethane (3 mL), powdered NBS (223 g, 125 mmol) was
added in smdl portions over a peiod of 30 min a& O°C. The reaction mixture was
dlowed to wam up to room temperaiure and dirred further for 4 h. After the
completion of the reaction (TLC), cold water (15 mL) was added to the reaction
mixture and extracted with dichloromethane (3x20 mL). The combined extracts were
washed with sat. NaHSO3 (10 mL), water (10 mL), brine (10 mL) and dried over
anhyd. Na,SO, and filtered. The filtrate was concentraied under reduced pressure and
the resdue was purified by column chromatography (Slica gd, 60-120, pet. ether/ethyl
acetate) to give 1.24 g (45%) of pure bromo acohol 1.10a asapde ydlow liquid.

[a]P2s © -3345° (C 1.65, CHCl).
IR (o) . 3400
'H NMR :d 065-090 (m, 2H), 097 (s 3H), 10 (s 3H), 1.30-150 (m,

1H), 135 (5 3H), 207 =225 (m, 1H), 240250 (m, 2H),
340-360 (m, 2H), 3653.75 (m, 2H), 407 ( meged dd, J =
7.5,8Hz, 1H).

BCNMR : d 1548 1770, 1832, 1950, 2163, 2839, 2997, 3180,
59.92, 61.83, 62.04, 75.25.

MS[m/e (%)] . 276(M", 35), 92 (100).

Preparation of (14S3¢R,44R,64R)-2-[4¢-Chloro-3¢, 7¢, 7¢trimethylbicyclo(4.1.0)hept-3¢
yl-oxy]ethan-1-ol 1.10a

Procedure A: To a dirred solution of (+)}3-caene (1.36 g, 10 mmol) and
ethylene gyco (3.1 mL, 50 mmoal) in dichloromethane (3 mL), powdered NCS (167
g, 125 mmol) was added in smdl portions over a period of 30 min & 60°C. After the
addition is over the reaction mixture was dlowed to sir further for 2 h. After the
completion of the reaction (TLC), cold water (15 mL) was added to the reaction
mixture and extracted with dichloromethane (3x20 mL). The combined extracts were
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washed with sat. NaHSO3 (10 mL), water (10 mL), brine (10 mL) and dried over
anhyd. Na,SO, and filtered. The filtrate was concentrated under reduced pressure and
the resdue was purified by column chromatogrgphy (dlica gd, 60-120, pet. ether/ethyl
acdtae) to give 050 g (~20%) of chloro dcohd 1.10b as a pde yelow liquid. The
crude acohol could not be purified and was used as such for the further reaction.

Procedure B: In ancother procedure AIBN was used as an initigtor. To the
reaction mixture of (+)-3-carene (1.36 g, 10 mmol) and ehylene glycol (3.1 mL, 50
mmol) in dichloromethane (3 mL) was added ca. amount of AIBN. Powdered NCS
(167 g, 125 mmol) was added in smdl portions over a peiod of 30 min & a sudden
increase in the temperature observed. The reaction was continued further for 2 hrs and
the reaction was worked up as described in Procedure A to give chlorodcohol 1.10b in
about 20-25% yidd.

Preparation of (14S3¢R,44R,64R)-2-[4¢Bromo-3¢,7¢, 7¢trimethylbicyclo(4.1.0)hept-3¢
yloxy]acetic acid 1.11a

To a dirred solution of bromo doohd 1.10a (276 mg, 1 mmoal) in acetone (10
mL), Jones resgent was added drop by drop a 0°C until decolourisation of the reagent
was obsarved. The reaction mixture was further dirred for 3 h a& room temperature, the
green precipitate of the chromium sdt was filtered off and the excess reagent
destroyed by adding isopropyl dcohol a (O°C. The solution was concentrated under
vacuum and resdue was extracted with ether (3x20 mL). The ether extract was washed
with brine and dried over Na;S0O,. It was then filtered and filtrate on concentration
under reduced pressure offered crude bromo acid (232 mg, 80%). The crude bromo
acid was purified by crygdlization from pet ether/ethyl acetete to give
1.11a as awhite cryddline solid.

M.P. . 85°C.

[a] s . -72 (c 045, CHC3).

IR (cmY) : 1760, 2600, 3700.

'H NMR © d 065-090 (m, 2H), 098 & 1.00 (25 6H), 14 (s 3H), 1.3

14 (m, 1H), 220 (dd, J = 55, 10 Hz, 1H), 235255 (m, 2H),
400 (m, 1H), 405 (d, J = 18 Hz, 1H), 410 (d, J = 18 Hz,
1H), 7.30-9.0 (bs, 1H).
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B¥C NMR : d 1571, 17.34, 1818, 1955, 2185 2857, 3088, 3199,
50,74, 59.89, 78.12.

MS[m/e (%)] . 210 (M™-HBr, 2), 135 (82), 107 (37), 93 (100), 77 (40), 71
(52), 67 (39).

Preparation of (14S3¢R,44R,64R)-2-[4¢-Chloro -3¢ 7¢; 7¢trimethylbicyclo(4.1.0)hept-3¢
yloxy]acetic acid 1.11b

Crude chloro dcohol 1.10b was oxidized by Jones oxidation usng a procedure
amilarto1.10a. The chloro acid 1.11b was obtained as apde liquid (60%).

[a] s . -72 (c 045, CHC5).
IR (cm™) : 1760, 2600, 3700.
H NMR :d 065-090 (m, 2H), 098 & 1.00 (25 6H), 14 (s 3H), 13

14 (m, 1H), 220 (dd, J = 55, 10 Hz, 1H), 235255 (m, 2H),
400 (m, 1H), 405 (d, J = 18 Hz, 1H), 410 (d, J = 18 Hz,
1H), 7.30:9.0 (bs, 1H).

“CNMR . d 1582 1630 1815 1951, 2115 2860, 3107, 3107,
31.26, 60.23, 6542, 79, 175.

Preparation of (1S3R, 4R, 6MR)-2-[4¢Bromo-3¢ 7¢ 7¢trimethylbicyclo(4.1.0)hept-3¢
yloxylacetyl chloride 1.12a

A mixture of acid 1.11a (58 g, 20 mmal), SOCl> (218 mL, 15 mmadl) in dry
benzene (40 mL) was refluxed for 1 hour. The benzene was removed by didillation to
give add chloride 1.12a, which was used as such in the next step without further
purificetion.
Preparation of (14S3¢R,44R,64R)-2-[4¢-Chloro-3¢, 7¢, 7¢trimethylbicyclo(4.1.0)hept-3¢
yloxy]acetyl chloride 1.12b

A mixture of acid 1.11b (492 g, 20 mmal), SOCl, (218 mL, 1.5 mmal) in dry
benzene (40 mL) was refluxed for 1 hour. The benzene was removed by didillaion to
give add chloride 1.12b, which was used as such in the next sep without prior
purification.
General proecedure for the Preparation of b-lactams 1.14a- & 1.15a-
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To a dirred solution of imine (1.13a-I, 1 mmal) and EtaN (0.303 mL, 3 mmol)
in dry dichloromethane (15 mL), a solution of acd chloride (1.12a, 617 mg, 2 mmal)
in dry dichloromethane (5 mL) weas added dropwise @ O°C over a period of 1 h. The
reection mixture was dlowed to warm up to room temperature and dirred overnight.
The reection mixture was then diluted with dichloromethane (20 mL) and washed
successvely with water (25 mL), sat. NaHCO; (20 mL), brine (20 mL) and dried over
anhyd. Na;SOy. The solvent was removed under vacuum and resdue was purified by
column chromatography (Slica gd, 60120, pet. ehel/ehyl acetate) to yidd a
dagereomeric mixture of b-lactams 1.14a-l & 1.15a-l. the diastereomeric ratio was
determined from the andysis of crude H NMR. In most of the cases the diastereomers
were separated by flash column chromatography or by fractiond crysalization.

Preparation of 1.14a & 1.15a

The imine 1.13a (0.181 g, 1 mmol) on reaction with acid chloride 1.12a (617
mg, 2 mmol) in the presence of EtsN (084 ml, 6 mmoal) fumished a diatereomeric
mixture of b-lactams 1.14a & 1.15a (294 mg, 65%), in the raio of 5842, which was
determined from the 'H NMR spectral data. The diastereomers were separated by flash
column chromatography to get nonpolar dissereomer 1.14a &  polar diastereomer
1.15a. The data for the individud diastereomer and for the diastereomeric mixture is as
follows
(3R/4S,14534R,44R,6¢R)-3-[4' -Bromo-3¢; 7¢; 7¢ trimethyl bicyclo(4.1.0)hept-3¢yl oxy] -
1,4-diphenyl-azetidin-2-one 1.14a

Isolated as awhite solid

M.P. . 181°C.

[a] s . +21° (c 0.2, CH,Cly).

IR (cm?) . 1753

IH NMR :d 050-065 (m, 1H), 0.650.80 (m, 1H), 0.90 (s, 3H), 0.95 (s

3H), 1.20 (s 3H), 1.20-140 (m, 1H), 2.00-240 (m, 3H), 3.70
(t J=9Hz 1H), 518 (d, J =5 Hz 1H), 55 (d, J =5 Hz,
1H), 6.957.50 (m, 10H).

(3S/4R,145,34R 44R,64R)-3-[4' -Brano-3¢, 7¢, 7¢trimethyl bicyclo(4.1.0)hept-3¢yl oxy] -
1,4-diphenyl-azetidin-2-one 1.15a

|solated as awhite solid



M.P.
[a] Pos
IR (cm?)

'H NMR
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159°C.
-100.90 (¢ 0.22, CH,Cl).
1755,

d 045-0.70 (m, 2H), 0.74 (s 3H), 089 (s 3H), 0.90-1.10 (m,
1H), 127 (s 3H), 155175 (m, 1H), 225 (dd, J = 44, 8 Hz,
2H), 375 (t, J = 8 Hz, 1H), 512 (d, J =5 Hz, 1H), 531 (d, J
= 5Hz, 1H), 7.15-7.50 (m, 10H).

Data for the mixture of 1.14a & 1.15a

B¥C NMR

MS[m/e (%)]

Microandyss

d 1525, 1539, 1777, 1821, 1883, 1933, 1946, 2121,
2147, 2841, 3140, 3184, 3193, 3205 5916, 5937, 6291,
6301, 76, 7761, 11742, 12407, 12818, 12842, 12861,
128,97, 13387, 134.13, 137.34, 165.54, 166.

455 (M+2, 3), 453 (M", 3), 238 (68), 182 (90), 135 (66), 120
(7), 93 (100), 91 (99), 77 (72), 55 (45).

M. F. GH3BrNOa4.
Cdculaed C: 6608 H:621 N :3.08

Obtained C:6632 H:6.49 N:3.17

Preparation of 1.14b & 1.15b

The imine 113b (0211 g, 1 mmoal) on reection with acid chloride 1.12a (617
mg, 2 mmol) in the presence of Et3N (084 ml, 6 mmoal) furnished a diagtereomeric
mixture of b-lactams 1.14b & 1.15b (360 mg, 70%) in the ratio of 60:40, which was
determined from the 'H NMR spectrd data. The diastereomers were separated by flash
column chromatography to get nonpolar diestereomer 1.14b & polar diastereomer
1.15b. Thedatafor 1.14b, 1.15b & mixture of 1.14b & 1.15b is given below.

(3R,4S,145,34R,44R,64R)- 1-(4-Methoxyphenyl)-3-[ 4¢ bromo- 3¢ 7¢, 7¢-trimethyl bicyclo-
(4.1.0)hept-3¢yloxy] -4-phenylazetidin-2-one 1.14b

|solated as awhite solid.



M.P.
[a] Pos
IR (cm?)

'H NMR
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148°C.
+18.70° (C 0.31, CH202).
1752

d 0.506 (m, 1H), 065-080 (m, 1H), 0.87 (s 3H), 091 (s
3H), 119 (s 3H), 1.32 (dd, J = 5, 15 Hz, 1H), 218 (dd J =
10, 15 Hz, 1H), 220-230 (m, 2H), 370 (t, J = 75 Hz, 1H),
375 (s 3H), 512 (d, J = 5 Hz, 1H), 519 (d, J = 5 Hz, 1H),
6.74 (d, J = 9 Hz, 2H), 7.20-7.40 (m, 7H).

(3S4R,16534R,44R,64R)- 1- (4-Methoxyphenyl)-3-[ 4¢ bromo- 3¢ 7¢, 7¢-trimethyl bicyclo-
(4.1.0)hept-3¢yloxy]-4-phenylazetidin-2-one 1.15b

Isolated as a white solid.
M.P.

[a] s

IR (cm™)

H NMR

176°C.

-114.17° (c 048, CHxClL).
175,

d 050-0.70 (m, 2H), 0.74 (s, 3H), 0.87 (s 3H), 094 (dd, J =
45, 145 Hz, 1H), 124 (s 3H), 157 (95, 145 Hz, 1H), 225
(0d, J = 45, 87 Hz, 2H), 370 (s 3H), 373 (, J = 85 Hz,
1H), 505 (d, J = 48 Hz, 1H), 527 (d, J = 4.8 Hz, 1H), 6.73
(d, J=9Hz, 2H), 7.24 (d, J = 9 Hz), 7.20-7.39 (m, 3H).

Data for Mixture of 1.14b & 1.15b

¥C NMR

MS[m/e (%)]

Microandyss

d 1527, 1540, 17.81, 1820, 1886, 1936, 1949, 2124
2150, 2842, 3142, 3187, 3196, 32.08, 3539, 5944, 59.60,
6307, 6318, 7748, 7768, 11431, 11873, 12818, 12840,

12848, 12866, 13093, 13404, 13431, 15619, 16491,
165.31.

485 (M*+2, 5), 483 (M"*, 4), 268 (49), 211 (62), 135 (59), 134
(51), 120 (80), 93 (100), 91 (89), 77 (52).

M. F. CoeH3dBrNOs.
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Cdculated C: 6446 H:6.24 N:289

Obtained C:6491 H: 648 N:302
Preparation of 1.14c & 1.15c

Theimine 1.13c (0211 g, 1 mmol) on reection with add chloride 1.12a (0.617
g, 2 mmal) in the prence of EN (084 ml, 6 mmol) furnished a diastereomeric
mixture of b-lactams 1.14c & 1.15c (0.338 g, 70%) in the ratio of 64:36, which was
determined from the *H NMR spectrd data. The diastereomers were separated by
flash column chromatography to get nonpolar diastereomer 1.14c & polar diastereomer
1.15c. Thedatafor 1.14c, 1.15c & mixture of 1.14c & 1.15cisgiven below.

(3R,4S5,14S,34R,44R,64R)-3-[ 4¢-Bromo-3¢; 7¢, 7dtrimethyl bicycl o[ 4.1.0] hept-3¢-yl oxy] -
1,4-di(4-methoxyphenyl)- azetan-2-one 1.14c

|s0lated as a white solid.

M.P. . 157°.

[a]®s © +20(c0.23, CH,Cl).

IR (cm™) 1750,

'H NMR :d 050-060 (m, 1H), 0650.80 (m, 1H), 0.90 (s 3H), 0.2 (s

3H), 118 (s, 3H), 1.30 (dd, J = 6, 12 Hz, 1H), 215 (dd, J =
12, 15 Hz, 1H), 220235 (m, 2H), 370 (s 3H), 360-375
(m, 1H), 378 (s 3H), 505 (d, J = 49 Hz, 1H), 515 (d, J =
49 Hz, 1H), 675 (d, J = 9 Hz, 2H), 685 (d, J = 9 Hz, 2H),
7.25 (d, J = 8 Hz, 4H)..

(3S4R,1¢S30R,44¢R,64R)- 3-[ 4¢-Bromo-3¢ 7 &7 &rimethyl bicyclo[4.1.0] hept-3¢yloxy] -
1,4-di(4-methoxyphenyl)- azetan-2-one 1.15¢

|solated as awhite solid.
M.P. : 167°C.
[a]Ps . -12356(c0.23, CHy).

IR (cm?) . A75L
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d 050-0.70 (m, 2H), 0.76 (s, 3H), 0.88 (s, 3H), 0.94 (dd, J
6, 15 Hz, 1H), 124 (s 3H), 154170 (m, 1H), 2.27 (dd, J
3, 12 Hz, 2HO, 37 (s 3H), 3.76 (m, 1H), 3.79 (s 3H), 50 (d,
J =6 Hz 1H), 524 (d, J = 6 Hz, 1H), 6.72 (d, J = 9 Hz, 2H),
686 (d J =9 Hz 2H), 724 (d, J=9Hz 2H), 726 (d, J= 9
Hz, 2H).

Data for mixture of 1.14c & 1.15c

BC NMR

MS [me (%)]

Microandyds

d 1551, 1569, 1801, 1863, 1898, 1960, 2146, 2171,
2865, 3164, 3206, 5546, 5965, 6298, 76, 77.70, 11319,
11448, 11897, 12619, 12641, 13007, 13022, 13119,
156.34, 159.96, 165.23, 165.58.

515 (M*+2, 018), 513 (M*, 02), 241 (39), 134 (60), 121
(57), 93 (57), 77 (38).

M. F. GHBrNO,.
Cdculated C:6304 H:6.27 N:272

Obtained c:&79 H:631 N:301

Preparation of 1.14d & 1.15d

Theimine 1.13d (0.237 g, 1 mmal) on reaction with add chloride 1.12a (0.617
g, 2 mmal) in the presence of EtzN (084 ml, 6 mmol) provided a diastereomeric
mixture of b-lactams 1.14d & 1.15d (0.305 g, 60%) in the ratio of 40:60, which was
determined from the 'H NMR spectra data. The diastereomers were separated by flash
column chromatogragphy. The data for them is given below.

(3R,4S,145,34R,44R,64R)-3-[ 4-Bromo- 3¢, 7¢, 7¢-trimethyl bicycl o[ 4.1.0] hept-3¢-yioxy] - 1-
(4¢¢ methoxyphenyl)-4-[ 2¢8t-phenyl- (E)- 1-ethenyl]-azetan-2-one 1.14d

|solated as awhite solid.

M.P.
[a] D5

IR (cm™)
'H NMR

166°C.

+33 (C 1.85, CHCh).

1520, 1750,

d 055-0.75 (m, 1H), 0.75095 (m, 1H), 1.00 (s 3H), 105 (s,
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3H), 135 (s 3H), 150 (dd, J = 5, 15 Hz, 1H), 220-250 (m,
3H), 375 (s 3H), 405 (dd, J =8, 10 Hz, 1H), 475 (dd, J =5,
10 Hz, 1H), 515 (d, J = 5 Hz, 1H), 645 (dd, J = 10, 15 Hz,
1H), 6.70-6.95 (m, 3H), 7.20-7.60 (m, 7H).

(3S4R 163R 4R 6(R)-3-[ 46Bromo-3¢ 7¢ 7¢trimethyl bicycl o] 4.1.0] hept-3¢yl oxy] - 1-
(4emethoxyphenyl)-4-[ 2@&phenyl-(E)- 1-ethenyl] -azetan-2-one 1.15d.

Isolated as awhite solid.
M.P.

[a]"%s

IR (cm?)

'H NMR

158-160°C.
-122.9° (C 1.85, CH202).
170.

d 055-085 (m, 2H), 093 (s 3H), 0.95 (s 3H), 145 (s, 3H),
145160 (m, 1H), 220 (dd, J = 125, 15 Hz, 1 H), 240 (dd,
J =6, 10 Hz, 1H), 375 (s 3H), 405 (t, J = 10 Hz, 1H), 475
(dd, J = 5, 10 Hz, 1H), 520 (d, J = 5 Hz, 1H), 635 (dd, J =
10, 15 Hz, 1H), 6:70-6.90 (M, 3H), 7.20-7.55 (m, 7H).

Data for the mixture of 1.14d & 1.15d

B¥C NMR

MS[m/e (%)]

Microandyss

d 1536, 1552, 1782, 1788, 1935 1944, 1960, 21.36,
2170, 2839, 3162, 3187, 3201, 5537, 5885 6014, 6171,
6233, 7743, 7770, 7787, 11426, 11856, 11863, 12511,
12662, 12678, 12803, 12814, 12848, 12860, 13141,
135.76, 135.89, 136.73, 156.20, 164.70, 164.79.

511 (M*+2, 1.8), 500 (M*, 2), 204 (28), 236 (35), 146 (69),
115 (100), 93 (83), 91 (69), 77 (39).

M. F. CgH3zBrNO3,
Cdculated C:659 H:6.33 N:275

Obtained C:6585 H:6.52 N:270

Preparation of 1.14e & 1.15e
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The imine 1.13e (0207 g, 1 mmol) on tretment with acid chloride 1.12a
0617 g 2 mma) in the presence of EtN (084 ml, 6 mmal) provided a
diastereomeric mixture of b-lactams 1.14e & 1.15e (0.297 g, 62%) in the ratio of
4555, which was determined from the *H NMR spectra data. The diastereomers were
separated by flash column chromatography. The data for them is given below.

(3R,4S,14S,3¢R 44R,64R)-3-[ 4¢-Bromo-3¢, 7¢, 7¢: trimethylbicyclo[4.1.0] hept-3 ¢yl oxy] -1-
phenyl-4-[ 2¢¢-phenyl-(E)-1¢¢-ethenyl]-azetan-2-one 1.14e

|solated as a white solid.

M.P. . 184°C.

[a]"2s . +20(c0.28, CHQ).

IR (cmY) . 1790,

'H NMR :d 060-075 (m, 1H), 0.75-092 (m, 1H), 099 (s 3H), 1.02 (s

3H), 137 (s 3H), 148 (dd, J = 484, 1444 Hz, 1H), 225
250 (m, 3H), 405 (dd, J = 8, 1044 Hz, 1H), 482 (dd, J =
498, 883 Hz, 1H), 515 (d, J = 504 Hz, 1H), 643 (dd, J =
883, 16 Hz, 1H), 682 (d, J = 1598 Hz, 1H), 7.00 (t, J = 740
Hz,1H), 7.20-7.60 (m, 9H).

(3S4R,165,3¢R 44R,64R)-3-[ 4¢-Bromo-3¢, 7¢; 7¢ trimethyl bicycl o[ 4.1.0] hept-3&yl oxy] -1-
phenyl-4-[ 2¢¢-phenyl-(E)-1¢¢-ethenyl]-azetan-2-one 1.15e

Isolated as awhite solid.

M.P. . 174°C.

[a] s : -103.90° (c 041, CH,Cly).

IR (cm?) . 1758,

IH NMR ©d 058-090 (m, 2H), 092 (s 3H), 095 (s 3H), 145 (s 3H),

140160 (m, 1H), 218 (dd, J = 1018, 137 Hz, 1H), 240
(dd, J = 4.80, 8.80 Hz, 2H), 407 (t, J = 890 Hz, 1H), 478
(0d, J = 510, 877 Hz, 1H), 523 (d, J = 510 Hz, 1H), 634
(dd, J = 878, 1555 Hz, 1H), 683 (d, J = 1598 Hz, 1H), 7.08
(t, J=7.29 Hz, 1H), 7.20-7555 (m, 9H).
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BCNMR ©d 1566, 1796, 1954, 2179, 2853, 3193, 3214, 60.23,
6225 7791, 7805, 117.37, 12424, 12502, 12692, 128.20,
128,64, 129.13, 135.96, 136.25, 137.99, 16555,

Data for the mixture of 1.14e & 1.15e

MS[m/e (%)] . 481 (M+2, 05%), 479 (M+, 05%), 264 (35%), 135 (35%),
115 (100%), 93 (56%), 91 (43%), 77 (34%).

Microandyss © M. F. GH3BrNO2.
Calculated C:6762 H:631 N:292
Obtained C:6730 H: 658 N: 296

Preparation of (3R, 4S, XS, 3¢R, 4R, GIR) & (3S, 4R, XS, 3R, 4R, GIR) 3[4¢
Bromo-3¢;7¢, 7¢-trimethylbicycl o[ 4.1.0] hept 3¢yl oxy]-4-[ 2¢¢ phenyl-(E) - 1¢¢ ethenyl] - 1-
propyl-azetan-2-onel.14f & 1.15f

The imine 1.13f (0.173 g, 1 mmol) on reection with acid chloride 1.13a (0.617
g, 2 mmal) in the pressnce of EtsN (084 ml, 6 mmol) provided a diagtereomeric
mixture of b-lactams 1.14f & 1.15f (0.143 g, 32%) in the rdio of 46:54, which was
determined from the'H NMR spectra data.

The diastereomeric mixture was isolated as an all.

[a]®s : -4327° (c 263, CH.Oly).
IR (cm?) . 1648, 1754,
'H NMR :d 05085 (m, 2H), 090, 093, 095, 10 (4s totd 6H), 0.85-

25 (m, 9H), 128, 1.39 (25 totd 3H), 3.15-34 (m, 1H), 395
420 (m, 1H), 428 (dd, J = 44, 93 Hz, 1H), 498 & 508 (d, J
= 4 Hz, totd 1H), 623 & 638 (dd, J =93, 161 Hz & dd, J =
88, 161 Hz respect. Totd 1H), 664 (d, J = 161 Hz, 1H),
7.276 (M, 5H).
13C NMR ©d 1113 149, 1517, 1741, 1892, 1907, 2072, 2135,
2804, 3120, 3164, 4164, 5994, 6141, 6208, 7612, 77.00,
12501, 12622, 12637, 12767, 12820, 13504, 13523,
135.96, 167.46.
MS[m/e (%)] . 446 (M+1, 05%), 233 (46%), 232 (30%), 230 (100%), 202



Microandyds

(66%), 146 (46%), 135 (57%), 115 (89%), 93 (76%).
M. F. GHzBrNOs.

Cdculated C: 6457 H:723 N:314

Obtained C:6415 H:750 N :339

Preparation of (3R, 4S, 16S, 3MR, 4R, 60R) & (3S, 4R, 16S, AR, 4R, 6IR) 4-Styryl-3-
[4¢-bromo-3¢,7¢, 7¢:trimethyi bi cycl o[ 4.1.0] hept-3¢yl oxy] - 1-cyclohexyl-azetan-2-one

1.14g & 1.15g

Theimine 1.13g (0.213 g, 1 mmal) on reaction with add chloride 1.12a (0.617

g 2 mmol)

in the presence of Et3N (084 ml, 6 mmol) provided insgarable

diastereomeric mixture of 1.14g & 1.15g (0218 g, 45 %) in the ratio of 44:56, which
was determined from the 'H NMR spectra data.

The diastereomeric mixture was isolated as an ail.

[a]s
IR (cm™)

'H NMR

¥C NMR

MS[m/e (%)]

Microandyss

-3150°C (¢ 2554, CHCly).
1743,

d 055083 (m, 2H), 0.85, 090, 0.93, 097 (s totd 6H), 1.24,
136 (s totd 3H), 11195 (m, 11H), 205245 (m, 4H),
338356 (m, 1H), 3.94-4.06 (m, 1H), 487 & 498 (d, J = 45
Hz & d, J = 47 Hz respect. Totd 1H), 622 & 6.35 (dd, J =
945 & dd, J = 935, 15.88 Hz respect. Totd 1H), 655 & 6.60

(d, J= 1588 Hz, total 1H), 7.25-7.55 (m, 7H).

d 1524, 1546, 1781, 1917, 1950, 2123 2163, 2501,
2832, 3042, 3145, 3170, 3192, 5185 5346, 5913, 60.19,
6060, 6126, 7747, 7787, 12647, 12665, 12705 127.79,
12845, 134.33, 13452, 136.39, 166.90.

487 (M+1, 05%), 486 (M+, 05%), 272 (40%), 271 (30%),
270 (66%), 242 (66%), 146 (77%), 115 (47%), 93 (90%).

M. F. C27H 3eBI’N02_
Cdculated C: 666 H: 746 N : 2.88
Obtained C:6620 H: 780 N : 260

Preparation of 1.14h & 1.15h
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The imine 113h (0187 g, 1 mma) on tretment with acd chloride 1.12a
0617 g 2 mma) in the presence of EtN (084 ml, 6 mmal) provided a
diastereomeric mixture of b-lactams 1.14h & 1.15h (0.299 mg, 65%) in the ratio of
4555, which was detlemined from the 'H NMR spectrd data One of the
disstereomers  1.15h could be spaaed by coyddlizaion from pa ehe/
dichloromethane sysem in 25% yidd.

(3S4R,14S,3¢R,44R,6¢R)-3-[ 4¢-Bromo-3¢; 7¢, 7€ trimethyl bicycl o[ 4.1.0] hept-3¢yl oxy]-1-
(tert-butyl)-4-[ 2¢¢ phenyl-(E)-1 ¢ ethenyl]-azetan-2-one 1.15h

|s0lated as awhite solid.

M.P. D 13-133°C.

[a]®s : -33.70° (c 054, CHOy).

IR (cm™) : 1215, 1365, 1743.

'H NMR :d 050-065 (m, 1H), 0.650.80 (m, 1H), 087, 0.90 (2s 6H),

1.32 (9H), 1.36 (s 3H), 1.30-150 (m, 1H), 208 (dd, J = 95,
14 Hz, 1H), 230245 (m, 2H), 40 (t, J = 95 Hz, 1H), 433
(0d, J = 59, 95 Hz, 1H), 493 (d, J = 5.1 Hz, 1H), 625 (dd, J
= 95, 161 Hz, 1H), 659 (d, J = 161 Hz, 1H), 7.15755 (m,

5H).

“C NMR : 1508, 1749, 1892, 1929, 2100, 2805 3134, 3177, 5390,
5893, 6073, 7605, 7636, 12620, 12763, 12836, 13407,
136.15, 166.67.

MS[m/e (%)] L 459 (25%), 246 (52%), 243 (40%), 188 (100%), 172 (87%),

146 (82%), 135 (50%%), 115 (85%), 93 (709%).

Microandyds . MFCysH34BrNO;,
Cdculated C:6521 H:744 N : 304
Obtained C:6488 H:728 N:331

Preparation of (3R, 4S, XS, 3R, 4R, GIR) & (3S, 4R, XS, 3R, 4R, GR) 3-[4¢
Bromo-3¢;7¢; 7¢-trimethylbicycl o[ 4.1.0] hept 3¢yl oxy]-4-[ 2-phenyi-(E)-1-ethenyl]- 1-[ 1-
phenyl-(1R)-ethyl]-azetan-2-one 1.14i & 1.15i
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The imine 1.13i (0235 g, 1 mmal) on trestment with acid chloride 1.13a
0617 g, 2 mma) in the presence of EtsN (084 ml, 6 mmal) provided a
diastereomeric mixture of b-lactams 1.14i & 1.15i (0.243 g, 48%) in the retio of 44:56,
which was determined from the 'H NMR spectra data. The data for the diastereomeric

mixture is as follows.

[a]s : -B314° (c 0.7, CHyOl).
IR (cm?) : 1450, 1494, 1743, 2939, 3014,
'H NMR : d 088, 092, 095 100 (4s totd 6H), 1.26 & 1.38 (2s, totd

3H), 16 & 176 (d, J =73 Hz & d, J = 6.9 Hz respect. Totd
3H), 120255 (m, 4H), 390-4.30 (m, 2H), 44-4.70 (m, 1H),
485520 (m, 2H), 6.15-6.60 (M, 2H), 7.10-7.65 (M, 10H).

CNMR . d 1535 1553 1776, 1913, 1938, 1953 2127, 2164,
2838, 3150, 3195 5127, 5316, 59.05 6015, 60.70, 6156,
76.73, 77.74, 12534, 12650, 126.69, 127.33, 127.69, 127.88,
128.52, 134.47, 136.39, 139.60, 141.09, 167.06, 167.37.

MS[m/e (%)] . 509 (M+2, 1), 508 (M+1, 5), 507 (M", 2), 294 (38), 183 (99),
146 (89), 135 (51), 105 (100), 93 (35).

Microandyss M. F. GgHzBrNO-.
Cdculated C:6850 H:674 N:275
Obtained C:680 H:6.98 N : 250

preparation of (3R, 4S, 1¢S, AR, 4R, 6IR) & (3S, 4R, 1¢S, AR, 4R, 64R)1-Benzyl-3-
[4¢:-bromo-3¢,7¢, 7¢trimethyl-bicyclo[4.1.0]hept-3¢yl oxy] -4-[ 2¢¢ phenyl-(E)- 1ag:
ethenyl]-azetan-2-one 1.14j & 1.15j

The imine 1.13j (0.221 g, 1 mmoal) on trestment with acid chloride 1.12a (617
mg, 2 mmoal) in the presence of EtsN (084 ml, 6 mmal) furnished 1.14j & 1.15 (232
mg, 47%) in the ratio of 48:52, which was determined from the 'H NMR spectral data

The diastereomeric mixture was isolated as an all.
[a]°s D -6404° (c 1.73, CHOL).

IR (cm™) : 1215, 1747, 2927, 3018.



'H NMR

¥C NMR

MS[m/e (%)]
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d 050-085 (m, 2H), 087, 092, 096, 102 (4s totd 6H),
137 (s 3H), LE15 (m, 1H), 195-250 (m, 3H), 396 (d, J =
15 Hz, 1H), 3954.25 (m, 2H), 47 (d, J = 15 Hz, 1H), 495,
508 (d, J = 46 Hz, totd 1H), 618 & 6.33 (dd, J = 90, 15 Hz
& dd, J = 87, 155 Hz respect. Totd 1H), 65 (dose d, J =
158 Hz, 1H), 7.057.55 (m, 10 H).

d 1567, 1581, 1818, 1987, 2002, 2170, 2875 29.12,

3185, 3218, 4448, 599, 6134, 780, 7848, 12502, 12691,
12796, 12835 12882, 12001, 13596, 13628, 136.70,
167.86.

146 (26%), 135 (30%), 115 (40%), 91 (100%).

The preparation of (3R, 4S, 16S, AR, 4R, &R) & (3S, 4R, 16¢S, 3R, 4R, 66R)3-[4¢
bromo-3¢7¢7¢trimethyl-(14¢S, 3¢R, 44R, 64dR)-bicyclo[4.1.0]hept-3¢yloxy]-1-(2¢¢
furylmethyl)-4-[ 2¢8-phenyl-(E)-1 @¢-ethenyl]-azetan-2-one 1.14k & 1.15k

Theimine 1.13k (0.181 g, 1 mmoal) on reection with acid chloride 1.12a (0.617
g, 2 mmal) in the presnce of EtsN (0.84 ml, 6 mmol) provided a diastereomeric
mixture of b-lactams 1.14k & 1.15k (242 mg, 50%) in the raio of 4555, which was
determined from the'H NMR spectra data.

The diastereomeric mixture was isolated as a gum.

[a] D25
IR (cm?)

H NMR

¥C NMR

-3038° (c 1.54, CH.Cls).
1736, 1774,

d 045-085 (m, 2H), 090, 094, 097, 101 (4s totd 6H),
127, 138 (2s totd 3H), 115180 (m, 1H), 205255 (m,
3H), 390415 (m, 1H), 407 (2d, J = 158 Hz, 1H), 424 &
426 (dd, J = 450, 950 Hz & dd, J = 4.6, 9.44 Hz respect.
Totd 1H), 458 (d, J = 155 Hz, 1H), 496 & 5.04 (d, J = 450
Hz & d, J = 460 Hz regect. Totd 1H), 6.10645 (m, 3H),
6.54 (2dosed, J =16 Hz, totd 1H), 6.90-7.65 (m, 6H).

1581, 1820, 19.89, 2173, 22.08, 2877, 3210, 3235, 37.07,

Cco11 [~a) | ~1 01 [~p R /A3 T7C2 7011 1NO OO 11N 70
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5911, 6054, 6181, 6236, 7756, 7814, 10888, 110.79,
12477, 12697, 12833, 12888, 13621, 13682 14280,

149.44, 167.66.

Microandyss : M. F. GgH3BrNO3,
Cdculated C:.6426 H:6.24 N:289
Obtained C:6380 H:650 N: 260

Preparation of 1.14| & 1.15|

The imine 1.13| (0145 g, 1 mmoal) on reaction with acid chloride 1.13 (0.617
g, 2 mmad) in the presence of EGN (084 mL, 6 mmol) provided a diastereomeric
mixture of cis b-actams 1.14| & 1.15| (0.121 g, 29%) in the ratio of 45:55, which was
determined from the *H NMR spectrd data One of the diastereomers 1.141 was
obtained in the pure form by fractiond crysdlization.

(BR, 4S, 1¢S 3R, 44R, 6¢R) 3-[4¢-Bromo-3¢7¢ 7¢trimethylbicyclo[4.1.0lhept-3¢
yloxy]-1-phenyl-4-(1¢& propenyl))-azetan-2-one 1.14l

|solated as white solid

M.P. © 148-150°C.

[a]"2s . +30° (c 254, CHCL).

IR (cm?) © 1382, 1496, 1598, 1749,

'H NMR . d 0607 (m, 1H), 0.2088 (m, 1H), 097 & 102 (s 6H),
133 (s 3H), 145 (dd, J = 46, 144 Hz, 1H), 177 (dd, J =
14, 65 Hz, 1H), 225-250 (m, 3H), 403 (dd, J = 79, 104
Hz, 1H), 4.38 (dd, J = 50, 87 Hz, 1H), 498 (d, J =50 Hz
1H), 557-5.73 (m, 1H), 565 (dd, J = 87, 154 Hz, 1H), 7.05
(dd, J = 74 Hz, 1H), 7207.32 (m, 2H), 740 (d, J = 81 Hz
2H).

B¥C NMR ©d 1656, 17.79, 17.92, 1800, 1941, 2164, 2839, 3106,

3205, 60.15, 6176, 7653, 77.75, 11728, 12395 12662,
12890, 132.55, 137.84, 165.57.



MS[m/e (%)]

Microandyss
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449 (M+2, 6%), 202 (83%), 172 (50%), 146 (100%), 135
(83%), 93 (98%), 77 (55%).
M. F. szHngl’NOz_

Cdculaed C:6316 H:6.75 N :335

Obtained C:6283 H:690 N:3.10

Preparation of (16¢S, 3R, 4R, GIR, 3S, 4R) & (16S, 3MR, 4R, 6R, 3R, 4 3-[4¢
Chloro3€7¢; 7¢-trimethyl-bicyclo[4.1.0] hept-3¢yi oxy] - 1-(4¢¢ methoxyphenyl)-4- 2 ¢t
phenyl-(E)- 1¢¢-ethenyl]-azetan-2-one 1.16d & 1.17d

Theimine 1.13d (0.237 g, 1 mmoal) on reection with acid chloride 1.12b (0.528
g, 2 mmol) in the presence of EisN (084 ml, 6 mmol) provided a diastereomeric
mixture of b-lactams 1.16d & 1.17d (0.279 g, 60%) in the raio of 40:60, which was
determined from the H NMR spectra data. The data for the diasteromeric mixture is

given bdow.

M.P.
[a] D5
IR (cm?)

'H NMR

BC NMR

MS[m/e (%)]

128-131°C.
-44,63° (C 0,69, CHClo).
1750,

d 055-085 (m, 2H), 090, 0.96 (2s totd 3H), 0.98 (s totd
3H), 1.33, 140 (2s totd 3H), 1.35150 (m, 1H), 195204
(m, 3H), 3.76 (s 3H), 37842 (m, 1H), 468 & 476 (dd, J =
47,890 Hz & dd, J = 4.8, 89 Hz, respect. Totd 1H), 518 &
526 (d, J = 47 Hz & d, J = 48 Hz respect. Totd 1H), 6.32,
6.4 (2dd, J = 890, 13.2 Hz, totd 1H), 6.68-7.58 (totd 10H).

d 1549, 1550, 16.70, 17.88, 19.35 1949, 2067, 21, 2846,
3067, 3104, 3221, 3241, 3542, 6195 6255 6508, 66.08,
7790, 7727, 7730, 7838, 114.36, 11863, 12523, 126.71,
12681, 128, 12827, 12863, 12873, 13590, 13603, 136.19,
136.30, 155.29.

465 (0.1%), 294 (38%), 266 (55%), 238 (429%), 146 (100%),
135 (36%), 115 (56%), 105 (16%6), 91 (16%).



Microandyss

M. F. CsH3CINGs,
Calculated C: 7217
Obtained C: 7170

H:6.92
H:704

N:301
N:287

60
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Chapter Il

Practical Synthesis of Optically Pure
3-Hydroxy b-Lactams by Zinc Induced

Removal of Chiral Auxiliary

Reality ismerely anillusion, albeit a very persistent one.
Albert Einstein
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21 :Introduction

Besides being used for the synthesis of a variety of b-lactam antibiotics’ the b-
lactan skeleton has been recognized as a useful precursor for various non-b-lactam
derivatives (b-lactam synthon approach)? It has been shown tha a  suitebly
subgtituted  3-hydroxy-b-lactam  can serve as a  gynthetic equivdent for the
phenylisosaring® a Sde chain of taxol or can be directly coupled with baccatin 1114 to
give taxol. The syntheses of auitebly subdituted (3R 49 3-hydroxy-b-lactams by
diastereosdective  cycloaddition  reection®®  borohydride  reduction” of 3
ketoazetidinones and resolution® of ()-3-hydroxy-b-lactams have been reported.

The mgor use of 3-hydroxy-b-lactams is in the asymmetric synthess of taxol
dde chan® Fainds approach'® involves the use of bulkier amine as a chird
component in the Staudinger reection (Scheme 1).

Scheme 1
Ph Ph Ph. _Ph
Aco_ > AcO, . Ho, Ph
o) OtBu : : o~ "O'Bu : :
W + : — : —=»
N N N
Ccodl \r\ o Y\ O/ \H
COOMe COOMe

Ojima™ . d. have used ester enolate-imine gpproach in which slyl protected
lithium ester enolate is used effectivdy (scheme 2)Y2 to give required 3hydroxy b-
lactam.

Scheme 2
OTIPS
£ - H _OTIPS - (Ph
_ N TIPSO, aPh
LiO O Me. S|
LDA Ph |32 O
—N

85%, 96%ee 4 -
o)
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As eder enolae-imine cydocondensation approach involves the use of moidure
sendtive endlates and undable dlylimines, it limits the gpplicability as wdl as the
prectical usefulness of this methodology.

Brown? has recently reported asymmetric synthesis of 3-acetoxy-b-lactam,
which involve the use of 1-(p-methoxyphenyl)propylamine as a chird amine (Scheme
3).

Scheme 3

AcO

\ ‘r
AcO Ph AcO Ph

Ph
. o /—N
Ph - 8 \ /g \H

Et = /l/:"\I S M . )

AcOCH 2cOCl. O >>\ >>\ Ce( NH4)2(N03)6 < > /<
—_—
NEt3 CH3CN, H20
) *) @) Ao ;I
7@
Intramolecular  cydisation  of  N-(p-methoxypheyl)-(2S ~ 3R)-2-acetoxy-3-
bromo-3-phenylpropionamaide was used as a new synthetic route for the preparation
of 3-hydroxy-4-phenylazetidinone (Scheme 4)* The key seps induded cataytic
aymmeric  dihydroxylaion of  N-(p-methoxyphenyl)-trans-cinnamide  followed by
bromoacetylation. The overdl yidd of the reaction was 51%.

Scheme 4

1) HO,, aPh
Ph/\/u\ _pPmp Ssteps
I N
H © H
51% overall yield

2.2 : Present Work

The Chapter-1 dedt with the use of carane bromo acid 1.11a effectively as a
chird ketene precursor in the asymmetric synthess of novel b-lactam derivatives. It

was necessary to recover (+)-3-carene, a chird pool auxiliay from the b-lactam
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derivatives. We ewisoned that a 2-hdo-ether linkage could be a useful hendle to
remove the chird auxiliary from the system. Present chapter describes our attempts
towards the deveopment of methodology to get enantiomericaly pure 3-hydroxy-b-
lactams, one of them is an advanced intermediate for taxol sde chain as shown in the
following scheme.

H H
Rl H H
HOQ R1
Cleavage
//_N\ —_— +
R2 /—l\k
@) R2
2.3 . Reaults & Discussion

Attempted Cleavage of 1.14& 1.15

The halo series of b-lactams 1.14 & 1.15 (section B, chapter 1) were obtained
as diagereomeric mixtures with rather low diastereosdectivity. However, in most of
the cases, it was possble to sepaate these diastereomers ether by fractiond
ayddlizaion or by flash column chrometography.

1.15

The initid attempts were concentrated on the cleavage of hdo ether linkage, O
C3¢C4¢Br. The a-Br a C4¢(equatorid) was poised in such a way that it could not be
removed eesly by diminaion. The yidds of the diminated products were low and a
number of Sde products were invariably obtained.

The literature reports on the use of akdi metds like Na'* Mg™ Li*° for the
cleavage of hdoether linkages prompted us to try these metds as a reagent of choice.
However, removd of chird auxiliay from 1.14 & 1.15 usng sodium or activaed
magnesum under reflux conditions in dry ether or dry THF, was unsuccessful. In most
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of the cases dther dating maerid was recovered or polymerized products were
obtained.

We came across a report on the use of Zn/acetic acid (Boord Reaction) for the
deavage of hdoether linkage. Boord reaction™’ is a useful reaction applicable for the
ceavage of hdoether linkages This reaction is generdly a dean and high yidding
reaction. We gpplied this reaction to the hdo derivatives of b-lactams and it was
posshle to deave the bromo-ether linkage from the sysem in dmogt quantitative
yidd.

The typicd Boord reaction conditions involve heating of hdoethers in dcohol
with Zn, with smdl amount of acdtic acid used as a cadyd. One of the products of
this reection is olefin, which is genedly a low boailing, volaile liquid. Excdlent
reprodudibility, high yidds use of esdly avaldde resgents and Imple experimentd
conditions mark the sdlient features of this reaction.

Cleavage of 1.14 & 1.15 Usng Boord Reaction Conditions

In most of the cases the diastereomers 1.14 & 1.15 (chapter 1, section B) were
obtained as crystdline solids, which could be separated by fractiond crygtallization.

The blactan 1.14b was reacted with activated Zn in presence of catdytic
amount of acetic acid under methanal reflux conditions (Scheme 5). The reaction was
over within haf an hour. The crude reaction mixture was a white solid, which was
purified by crysdlization.

Scheme 5
H H H H
Ph HO. \V Ph
Zn/AcOH/MeOH
\ reflux, 30 min : +
o N
\PMP © \PMP
1.14b 2.01b

2.01b was obtaned as a ayddline 0lid with mp 200-201°C. The IR spectrum
of the product 2.01b showed a pesk a 1716 cmi', typicd of b-lactam amide. A broad
pesk a 3328 cmi* indicated presence of hydroxyl group.
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The *H NMR spectrum of the product 2.01b was smplified, as the pesks
corresponding to the carane ring system (between 1-3 d) were absent. This clearly
indicated the fact that the ha oether linkage has been dleaved during the reection.

A dngle a 3.75 correponding to the OMe group
was present. The b-lactam proton H3 appeared as a
doublet a 530 with J = 54 Hz and the other b-
lactam proton H-4 agppeared a 520 as a dd with
coupling condgant J = 54 & 88 Hz. The high
coupling condant indicated the presence of dis
dereochemistry  of b-lactan  ring protons. The
aomatic protons appeared as multiplets in the region
6.80-7.60. The opticd rotaion was found to be
+177.4° (c 0.33, CHCly).

In another reection, 1.15b was subjected to the
above conditions. The product 2.02b obtained was a
cyddline lid with mp 19719°C. The IR
spectrum was identical to the 2.01b. The *H NMR
was dso identicd to 2.01b, which showed a snglet
a 3.75 for methoxy group of PMP moiety. Two

doublets a 5.15 (J= 5.2 Hz) & 5.25 (J= 5.2 Hz) were assignedto H-3 & H-4of the

b-lactam ring. Aromatic protons were seen as
multiplets in the region 6.80-7.50. The opticd
rotation for 2.02b was —1774 ° (¢ 1.0, CHCk). The
opticd rotation as well the other physicd properties
clearly showed that 2.01b & 2.02b were enantiomers

T I _Ph
H O\: z
3 4
2 1
N
o// N

i i L

!“‘-\r\- - |

i
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The genadity of this cleavage reaction was edtablished by applying it to the
disgereomers 1.14a-d & 1.15a-d and theresultsarelisted in Table 1.

. H B g1 oo H H Rl
=
»~—N j;l[l/
H O SR o “R2
Ll4ab . Zn/ACOH/MeOH 20ab
_— =
reflux, 30 min H
0 H H R o ! H Rl
= T T T T
Y7 N N
“R2 o “R2
1.15a-d 2.02a-d

Table1 Synthess of 3hydroxy-cis-b-latams 2.0lab o 202ad from
opticaly pure diastereomers 1.14a-b or 1.15a-d.

Pod. R R>  Yidd mp [a]o Conffig
(%)? (°C (conc. Ing/200 ml)
20l1a Ph Ph %  217-218 +190.9° (c 0.7, CHCl3) 3R 4S

oo2a Ph Ph 9% 26217  -1887°(c039,CHCE) 3S 4R

20lb Ph PMP 95  197-198 +177.4° (c 033, CHCl3) 3R 45
lit? +176° (c 1, CHC)
2020 Ph PMP 95  200-201 -177.4° (c 1.0, CHCl3) 35 R

lit® -179° (c 1, CHCl)

&

202c PMP PMP 132-133 -181.90° (c 0.93, CHCE) 3S 4R

202d Syryl PMP 9% 156 -236° (¢ 0.01, MeOH) 3S, 4R
lit.%e—237° (c 0.01, MeOH)

In dl the cases, 3-hydroxy-b-lactams (2.02 & 2.03) were obtained in dmost
quantitative yidds. The isolaion and purification of the products was smple as no Sde
products were formed during the reection. In some of the cases (2.02b, 2.02d &
2.01b), opticd rotaion & physca propeties were compared with the literature vaues
of the reported compounds & they were in full agreement (Table 1). From the opticd

rotetion it was posshle to assgn the absolute configuration of the 3-hydroxy-b-
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lactams. The dbsolute configuration of 3R, 4S was assgned to 2.01a-b while 3S, 4R
absolute configuration was assigned to 2.02a-d.

I solation of Chiral Auxiliary

The isolaion of 3-hydroxy-b-lactams posed no problems. However, isolaion
of the (+)-3-caene needed more atention. Since (+)-3-caene is a highly volaile
liquid, it could be lost easly under the experimenta conditions used. Since isolaion of
a chird axiliary is an important sep in an asymmelric synthess, it became essentid
to modfy the experimenta set up with the am to isolae (+)-3-carene formed in the
reaction mixture.

In a modified experimentd procedure the mehanolic solution of 1.14b
containing cadytic amount of acetic acdd was continuoudy didilled rather than
refluxed over activated zinc. The didtilled methanol was partitioned between weter and
pet ether. (+)-3Caene, which being soluble in pe. eher was isolaed by the
didillation of the pet ether layer. The (+)-3-carene was isolated in aout 90% vyidd. It
was chemcdly and opticaly pure as confirmed by comparison with the daia known
for the authentic specimen of (+)-3-carene.

2.4 . Summary

The b-lactams with 4¢bromocarane chird auxilialy were successfully cleaved
by refluxing ther mehandlic solution in the presence of Zn/acdtic acid system. The
bromoether linkage on deavage offered opticaly pure 3-hydroxy-b-lactams in amost
quartitetive yidds dong with (+)-3-carene as the only other product. Opticd purity of
the 3-hydroxy-b-lactams was used to assign the absolute configuration of both, the
paent b-lactan as wdl as the 3-hydroxy-b-lactams. A practicd procedure was
devdoped for the isolation and recovery of (+)-3-caene the dde product of the
reaction, which could be recovered in aout 90% yidd.
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2.5 . Experimental

Procedure for the Preparation of (3S, 4R) 3-Hydroxy-1-(4¢-methoxyphenyl)-4-
phenyi-cis-b-lactam 2.02b

To a lution of b-lactam 1.15b (5 g, 1035 mmad) in methend (150 mL),
attivaed Zn (635 g, 100 mmol) and gladd acetic add (25 mL) was added with
dirring. The reection mixture was then hested a 80°C with continuous removd of
methanol over aperiod of 3 h.

| solation of (+)-3-carene

The didilled methanol from reection mixture was diluted with ice-cold water
(500 mL) and extracted with pet. ether (4x100 mL). The combined pet. ether extracts
was washed with satd. NaHCO; (50 mL), water (50 mL) and findly with brine (50
mL) and dried over sodium sulphate The solvent wes removed by didillaion and
resdue was purified by Kugdrohr didillation to give 1.26 g (90%) of pure (+)}3
caene. The IR, NMR, and opticd rotation were identicd with the authentic (+)-3
carene sample.

| solation of b-Lactam 2.02b

The resdue from the reaction mixture was trested with dichloromethane (100
mL) and filtered, the solid was washed with dichloromethane (3x25 mL). The filtrate
was successvely washed with dil. HCI (5%, 50 mL), sad. NaHCO; (2x30 mL), weter
(2x40 mL), brine (20 mL)) and dried over anhydrous Na:SQs. The removd of solvent
gave 2.50 g (90%) of 2.02b as awhite crysdline solid.

M.P. . 200:201°C.

[a] s © -1774° (c 1, CHCl3).

IR (cm™) : 1716, 3328,

'H NMR : d245(d, J= 85Hz 1H), 375 (s 3H), 520 (dd, J= 54,88

Hz, 1H), 530 (d, J= 5.4 Hz, 1H), 6.80 (d, J= 9Hz, 2H),
7.157.60 (m, 7H).
Microandyss : M.F GHiNO;3,
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Cdculated C:713% H:561 N:520
Obtained C:7084 H:5.86 N :5.02

Preparation of (3R,4S)-1-(4¢Methoxyphenyl)-4-phenyl-3-hydroxyazetidin-2-one
2.01b
A mixture of 1.14b (0483 g, Immol) and activated Zn (0.635 g, 10 mmol) with

acdtic acid (0.25 mL) was refluxed in methanol (15 mL) for 1 h s0 as to provide 2.01b
(0.256 g, 96%0) as awhite solid.

M.P. © 197-199°C.

[a] s . +178.2 (c 0.33, CHC).

IR (cm?) 1716, 3328,

'H NMR : d375(s 3H),515(d, J= 52Hz, 1H),525(d, J= 52 Hz,

1H),6:80(d, J= 9 Hz, 2H), 7.157.50 (m, 7H).

Microandyss . M.F.CGgHisNO3,
Cdculated C:71.36 H:561 N:520
Obtained C:7165 H:580 N : 549

Preparation of (3S54R)-1,4-Diphenyi-3-hydroxyazetin-2-one 2.02a

A mixture of 1.15a (0453 g, Immoal) and activated Zn (0.635 g, 10 mmoal) with
acdtic acid (0.25 mL) wes refluxed in methanol (15 mL) for 1 h s0 as to provide 2.02a
(0.229 g, 96%0) as awhite solid.

M.P. . 26-217°C.

[a] s : -188.7° (c 0.39, CHCly).

IR (cm?) : 1716, 2852, 3328.

'H NMR : d515(d, J= 54 Hz, 1H), 520 (d, J= 54 Hz, 1H), 680755
(m, 10H).

Microandyss © M.F GsHiNO2.

Cdculaed C: 730 H:548 N : 585
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Obtained C:7568 H:565 N:610

Preparation of (3R,4S5)-1,4-Diphenyl-3-hydroxyazetidin-2-oneb 2.01a

A mixture of 1.14a (0453 g, Immal) and adtivated Zn (0635 g, 10 mmoal) with
acdtic acid (0.25 mL) wes refluxed in methanol (15 mL) for 1 h so as to provide 2.01a
(0.229 g, 96%0) asawhite solid.

M.P.

[a] D25
IR (cm?)

H NMR

Microandyss

217-218°C.
+190.9 (c 0.7, CHCly).
1740, 2852, 3350.

d515(d, J= 54 Hz, 1H),518(d, J= 54 Hz, 1H), 6.90-7.50
(m, 10H).

M. F. CisH13NO;,
Cdculaed C: 730 H:548 N :5.85
Obtained C:714 H:543 N : 589

Preparation of (354R)-1,4-Di-(4-methoxyphenyl)-3-hydroxyazetidin-2-one 2.02¢c

A mixture of 1.15c (0513 g, Immal), activated Zn (0.635 g, 10 mmoal), acetic
adid (025 mL) and methanol (15 mL) was refluxed for 1 h s0 as to provide 2.02c
(0.293 g, 98%) as awhite solid.

M.P.

[a]®s
IR (cm?)

H NMR

Microandyss

132°C.
~181.9° (¢ 0.93, CHCly).
1726, 2852, 330L.

d 3.75 (s 3H), 380 (s 3H), 5.15 (dd, J= 54, 8 Hz, 1H), 525
(d, J= 54 Hz, 1H), 6:80 (d, J= 8 Hz, H), 695 (d, J= 8Hz,
2H), 7.20-7.40 (m, 4H).

M. F. GH1NO,,

Cdculated c:682 H:572 N :4.68
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Obtained C:6806 H:5.98 N : 455

of (3S4R)-3-Hydroxy-1-(4-methoxyphenyl)-4-(2-

phenylethenyl)azetidin-2-one 2.02d

A mixture of 1.15d (0509 g, Immal), activated Zn (0.635 g, 10 mmoal), actic
add (025 mL) and methanol (15 mL) wes refluxed for 1 h s0 as to provide 2.02d
(0.283 g, 96%) as awhite solid.

M.P.
[a] D5
IR (cmY)

H NMR

Microandyss

156-157°C,
-236° (C 0,01, CHsOH).
1737, 3340.

d 375 (s 3H), 485 (dd, J = 52, 7.4 Hz, 1H), 515 (bd, J =
52 Hz, 1H), 640 (dd, J = 81, 161 Hz, 1H), 665-7.00 (m,
3H), 7.20-7.65 (m, 7H)

M. F. GgH1/NO3
Cdculated C:7320 H: 580 N :4.74

Obtained C:7359 H:6.02 N :500
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Chapter Il

Diastereoselective Synthesis of

Tetracyclic b-Lactams Using

Radical Cyclization

No great discovery was ever made without a bold guess.
Isaac Newton
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3.1 :Introduction

Almost 100 years ago, Mosss Gomberg's paper ‘An Ingtance of Trivalent
Carbon: Triphenylmethyl’ gppeared in the December 5", 1900 issue of the Journal of
American Chemical Society. The concluding cautionary note of the paper was ‘This
work will be continued and | wish to reserve the field to myself’. This was just the
beginning of radicd chemisry and Gomberg was in true sense the pioneer of radica
chemigtry.

Initidly, radicd chemidry was redricted to gas phase reactions due to ther
ardic, cgoricous naiure and they involved highly reactive species with poor synthetic
utility. However, latter on with pionesring work by Kharash®> Julia® Lamb,* followed
by physcd organic work by Ingold® Waling® and recently by Beckwith® Curran,
Porter, Giese! Newcomb? the concept of radicd chemistry has changed dramaticaly
and it has become a powerful branch of synthetic organic chemidiry.

Among radical reactions, the ring congruction by free radicd cydisaio”® has
been accepted as a usful technique and an important synthetic  methodology,
epecidly in the totd synthesis of naturd products™ A large body of research and
sysemdic dudies that has gone into this subject has led to the evolution of certan
pinciples and  quiddines™ regarding the stereochemistry of radicd  cydisation.
Hexenyl radica’® cydisaion is the most effident and well-studied cydlization from
mechanigic as wdl a gynthetic applications point of view. The generd
dereochemicd  outcome of such kind of cydisstion can be predicted by using
Beckwith' s transition state modd (Scheme 1).1t

Scheme 1

d ~ 2.5 A o (for cyclohexane)

Beckwith’'s Transition state model for hexenyl radical cyclisation
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This modd invokes a trangtion date in hexenyl radicd cydisation, which has a long
indpient bond (d~2.3A), which is not much different from that between C, & G in
cyclohexane (ca. 2.5 A).

Radical Chemistry of b-Lactams

The incressing bacterid resistance™ to the dassicd antibiotics led to the
devdopment of novd multicydic b-lactam systems. Since the biologica activity of b-
lactam antibiotics is corrdated with the enhanced chemicd reectivity of the drained 4
membered ring function®® the mgor modification has been in the ring, atached from
the nitrogen. The synthess and biologicd testing of the novd molecular nude,
different from the classcd b-lactams like peniclins and cephdosporins led to the
discovery of synthetic antibictics like oxacephems, carbacephems, thienamycin, PS5
and so on.

The limited dgability of these antibioics to the ionic conditions and
susceptibility to nucleophilic reagents made researchers to design ther synthetic plans
based on the free radicad methodology. The generd free radica based drategy involves
the condruction of appropriately functiondised and propely subdituted b-lactams,
which provides molecular framework suiteble for cydlization (Scheme 2).

Scheme 2
7 e N L “T~A
/ | radical acceptror | : | radical progenitor |
[ o []
o . . o N .
|\ | radical progenitor | | | radical acceptor |

The molecular appendages in the form of subgtituted double bond atached to
the nitrogen or C-4 cabon of the b-lactam ring acts as a radicd acceptor while
functiond groups like hao, phenylsdeno, phenylthio or acetylenic triple bond acts as a
radical progenitor species.
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Synthesis of Oxacephams, Oxapenams and Oxabicyclo b-Lactam Derivatives

Bachi introduced and successfully used radicd methodologies in the b-lactam
fidd, which he firg gpplied for the synthess of oxacephems As mogt of these
antibictics are highly susceptible towards nudleophilic reegents, he thought that, free
radicd cydisdaion could be a method of choice His drategy involved use of N-
chloromethyl b-lactams as subgrates for the synthess of oxacephems. The radicd
acceptors in the form acetylenic or dlylic subdtituents a C-4 postion were used.
These deivaives when subjected to the typicd radica cydizaion conditions, termind
olefinic deivaives cydized exdudvedy in 7-endo fashion, while subdituted olefinic
derivatives furnished 6 membered ring by 6-exo anndation (Scheme 3) .14

Scheme 3
O—
_‘| (CHZ)n ‘CH=CHRL __ J:( *(CH2)n D ﬁ'm
N
O/ - \A\/
Emw & C02CMes CO,CMe3

J:'/ (CHo)rCHE SCHRL /I:'/ (CHZ)n /I:ro\(CHz)n
CO2CM e3 CO2CMe3 CO2CMe3

The indablity of N-chloro-blactams made him prgpare N-phenylsdeno ad
N-phenylthio derivatives™ Under typica radicdl cydisation conditions they cydized
in exdusvely 7-endo fashion. Similarly, radica acceptors in the form of termind as
wel as subdituted acetylenic derivatives were prepared and ther behavior under
radicd cydlization conditions was tested!® In this case ds termind acetylenic
compounds cydized in 7-endo fashion, while subdituted acetylenic derivaives
cydized in 6exo manner.

Recently, Bachi hes reported the synthess of oxahomoogphem, which is
obtained by sequentid reection.’” It involves homolytic intemolecular  addition,
intramolecular  hydrogen trandfer, endo intramolecular addition and b-dimination as
consecutive steps(Scheme 4).
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Scheme 4
o)
\ BusSnH
+
N TABN
o \| SnBU3
COsMe cone COzMe
\D(BU
g O
N —
O/ \'>
COoMe

Carbacephems, Carbapenems and their Derivatives

Cabodethia andogues of cephems or penems ae cdled cabgpenems or
(:arbacephems18 They ae proved highly effective as b-lacamase inhibitors Kametani
fird used radicd cydisation methodology in which he usad phenylthio or phenysdeno
as radicd progenitors. The aubdituted termind olefinic or acetylene derivaives
atached to the nitrogen of the centrd b-lactam core acted as radicd acceptors. The
olefinic derivdives cydized efficiently, yidding subdituted carbacephems in  about
66% yidd, While acetylenic derivaives cydized duggishly. The annulation took place
essentidly by 6endo mode to give [4.2.0] bicydlic ring skeleton (Scheme 5).1°

Scheme 5

SPh
n- BU3SnH
~ABN
benzene, heat
COOR2 "' COOR2 50-60% COOR2 COOR?2

H
ePh SePh :
Er n- Bu3SnH J:O
N —ABN
0 \R O/ N

/ benzene heat
59%

COOR2 CooR?

Bachi, has adso reported the synthess of carbgpenams and carbacephams by
employing modified drategy that he used for the synthess of oxacephems He showed
that homolytic cydization of akenyl b-lactams afforded carbapenams by 5exo
addition, when vicindly disubgtituted double bond wes involved, while carbacephams

were the sole products by 6-endo cydisation when termind double bond was involved.
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Interestingly, a cydized product with the incorporaion of Ph group from benzene,
used as asolvent was also obtained in 14% (Scheme 6).%°

Scheme 6

/
n-BuzSnH
—>
\|/C| Benzene/ heat
h|gh dilution COzCM eg COzCM e3 ﬁ
__80%
h| gh d||ut| on
o/
0020\/|e3 COZCM ® ﬁ
Sehh - 80% : i
/l:’\'l/\ — (;O IIIII / Ph + J;vah +
NN o TN

1 1.8

Parsons used drategy bessd on vinyl radicad cydisdion. He used both,
photochemical as wel as thermd conditions for radicad cydization. In an interesing
obsavaion he found that under high dilution conditions the product obtaned by 6
endo cydisation was the mgjor one (Scheme 7).

Scheme 7

— Me
‘4 e
\ nBu38nH 2 I’
photolyss

B (70%)

Ph

||§

10 mm conc. A (30%)

8 mm conc. A obtained in 50% yield

3 mm conc. _— >
(high dilution)

30%

with, R = Me Me '\Q
Br ——
N

O
3% 59% 10%

However, when 4subdituted andogue was cydlized, the product obtaned was
cabagpenam, which was annulated by 5exo mode The result wes difficult to
rationdize on thermodynamic aswell as kinetic bass.
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Recently, Miller has reported the use of manganese (1) acetate promoted free
radicad cydisaion methodology for the synthess of functiondised carbgpenams. In the
targeted synthess of Loracarbef, a chloro functiondised carbgpenem, he developed a

methodology in which the subdituted carbgpenems were obtaned in 60% vyidd
(Scheme 8) 2

Scheme 8
Mn(OAc
( 3 H + H
COOEt TACOH /—N N
350C C)Eoo
COOEt t 7 o EtOOC COOEt

Synthesis of Bezocarbapenems and Benzocarbacephems

Benzocarbapenems® bdong to the dass of tricydic b-lactams, which are
designed as suicide inectivators of b-lactamase. The known ingdability of these systems

under ionic conditions led to the exploration of radicd based methodologies for their
synthesis®*

Jus has reported the synthess of drained tricyclic azetidinone using free
radical cydization based methodology (Scheme 9) 2

Scheme 9
Ph O H Ph
I | —
Bn—C—N Br Bn—C-N
BuzSnH/AIBN
—_—
J—N benzene reflux AN
O o)

R
OHT Ph

Ph n o

B (IC)I: E Y Bn—-C-N
n BrBugsnH/AIBN \
_—
N benzene reflux

/ ~—N
o~ o)

He observed that the benzocarbapenems, obtained by 5-exo mode were ungable while
the benzocarbacephems were stable compounds.
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Boe & Manhas used ayl radicad cydization drategy to  prepare
benzocarbacephems. The use of properly subdituted iming obtaingdle from o
bromobenzaldehyde and dlyl amine was the key dep in this methodology. This imine
on cydoaddition with add chlorides afforded b-lactams with ided functiondities for
radicd cydisdion. Interesingly, 6-exo cydizaion was the predominant mode of
annulation (Scheme 10).%°

Scheme 10
[ ; -
1+ | B N
r
O/
\
Z
4—N
(0] CH3

In another aryl mediated cyclisation drategy, Alcade, has made use of imines
derived from o-bromoaniline and ab-unsaturated adehyde. The b-lactams cydized

predominantly by 5exo mode, however, with termind double bonded derivatives, 6
endo was acompeting pathway (Scheme 11).%’

Scheme 11

R3 R3
R3
R2 R2 R2
R R1—
— X —
O/—N / _N\© \@

Recently, Alcaide® has reported a novel cydisation and rearrangement process

basad on aryl-aryl coupling methodology.

The regio and stereocontrolled radcad cydisdtion of enyne b-lactams to furnish
tin functiondised b-lactams is reported by usng of enynes as radicd progenitors.
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Proteiodestanylation followed by ozonolyss was used to convert these b-lactams into
the corresponding oxo derivatives (Scherre 12) %

Scheme 12

SnR3

0

In another gpproach, 4thiyl radicd addition onto a subdituted N-dlyl double
bond usng Fe (Il) and Mn (Il) sdts is sudied. The primary radicd formed initidly by
5exo cydisation, rearanges to give 6-membered ring, a cephem derivaive in poor to
moderateyidd (Scheme 13).%°

Sheme 13
AN\
N S RHN s 3 RHN S RHN S
—_— \)/ —_ +
/ N\)’k /7 N < ‘s, N O N
© ' ° cooet  © = ° :

COOEt COOEt COOEt

Beckwith has dudied the formaion of fused tricydic azetidinone by
intramolecular radical addition (SH? process). In a detailed physiochemicd study he
determined the gpproximate rae condants for ring dosure, K. and unimolecular
hydrogen atom transfer K1, x. (Scheme 14).**

Sheme 14

SR SR S
— T =T
. R' N
N ~—N -
o? j@ o’ \@ o)
B

r
R
SR S S
. ke __(
—> e
+~—N +~—N R ~-—N
O (0] O
Br
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3.2 : Present Work

The radicd chemidry of b-lactams is manly used as a methodology for the
gynthess of bicydic atibiotics This involves the use of radica generator ether
attached at the G3 carbon or a the nitrogen of the b-lactam ring. However, the radica

cydision involving styryl double bond as a radicd acceptor and the radicd generator
a the G-4 of the azetidinonering (Scheme 15) are rardly addressed.

Scheme 15
radical initiator radical acceptor
3 4 radical cyclisation
2 1 -
7—N S—N
N / N
O R o) R

Ealier two Chapters dedt with the synthess and use of novd b-lactam
derivatives, derived from carane bromo acid. Thee b-lactams were suitable radica
sysems with radica acceptors in the form of styryl double bond and bromine attached
to the carane skeleton as a radicd generator. This chapter describes the reectivity of
these b-lactans under radicad conditions A sudy regading the synthess of nove

tetracyclic ring sysems and their sereochemistry is presented. The use of NMR
spectroscopy as well as single crystd X-ray andyds in the dructure determination of
the multicydlic b-lactam derivativesis d o discussed.

3.3 :  Reaults & Discusson

Radical Cyclisation of C-4 Styryl Substituted b-Lactam Derivatives. Cyclisation of
1.13d- &/or 1.14d-l

The unique fesiure associated with dl the b-lactam derivatives 1.14d-i &

1.15d-i is the presence of bromine a C¢4 centre and presence of styryl or crotyl
double bond attached a the G4 centre of the centrd azetidinone nucleus. This system
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was ided sysem for a radicd cydization and it was interegting to study the efficiency
of such kind of cydization.

In a typicd procedure, to a refluxing solution of b-lactam in benzene was
added tin hydride, in the presence of AIBN as a radicd initigtor. No high dilution
condition or syringe pump technique was used. In most of the cases the reaction was

over within 1h as could be judged from the TLC as well as the andysis of *H NMR of
the crude reaction mixture.

The product could be eesly purified by flash column chromatogrgphy and the
remova of tin impurity was never a problem. It was not necessary to treet the reaction
mixture with KF solution and the products obtained were sufficiently pure as could be
andyzed from the *H NMR or the microanaysis of the product (3.01d-i & 3.02d-1).

The 'H NMR of the product reveded that it was a mixture of two
diastereomers (Scheme 16).

Scheme 16
= H - H
>?<j-/ O\T { H__' O~ 0
\ O a— |
- IBr - \ KI/_ N
: - : N
H ) A R2 H a0 R R2
R
1.14d-i BusSHH / AIBN 3.01d-i
—_—
and /or Benzene reflux and / or
1-2h
H L0 b 0]

W | IBJ]/J' N2

R3
1.15d-i

d R3=Ph,R2=PMP

e R3=Ph, R2=Ph

f R3=Ph, R2 = propyl

g R3 =Ph, R2 = cyclohexyl

h R3 = Ph, R2 = tert. butyl

i R3 =Ph, R2 = (R)-(+)-Ph(Me)CH

Table 1 summarises the results of radica cydlisation for the diastereomeric mixtures.
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Table 1. Radicd cyclization of the diastereomeric mixture of b-lactams

Reectant No. R' R Productno.  Time(h) Yidd (%)
1.14d & 1.15d Ph PMP 3.01d & 3.02d 12 %
1.14e& 115e Ph Ph 301e & 3.02e 1 83
1.14f & 1.15f  Ph n-propyl 3.01f & 3.02f 1 60
1.14g& 1159 Ph Cydohexyl 3.01g & 3.02g 2 72
1.14h & 1.15h  Ph t-Butyl 3.01h & 3.02h 1 87
1.14i & 1151  Ph  (+)-Ra-methylbenzyl  3.01i & 3.02i 2 72

As shown in the Table 1, the diagtereomeric mixture was highly efficient
radicd sysem and reected smoothly under normd conditions of radica cydisdion. In
a typicd reaction, BusShH was added over 2-3 minutes to the refluxing solution of the
dating materid in benzene containing cataytic amount of AIBN. There was no need
to use high dlution conditions or syringe pump techniques. Interestingly there was no
product observed arisng from the reduction of the Sarting materid.

Table 2 shows the sdected data for cyclised products obtained from the redica

cydlisation of diastereomeric mixture or Sngle diastereomer.

Table 2. Sdected datafor the cyclised produts

Product no. R R Yidd mp. (0 [a]p
(%)

(conc. Ing/100 mi)
3.02d Ph PMP % 197 +22.60 (¢ 1.28, CH,Cl)
3.02e Ph Ph 80 186-188 +20.53(c 0.76, CH,Cl))

301f+302f  Ph n-propyl 65 - +20.14 (c 1.4, CH,Cl)

301g+3.02g Ph Cydohexyl 70 - +29.10(c 1.02, CH,Cl))

3.02h Ph tButyl 90 114 +21.79(c0.78,CHCly)

3.02i Ph (H)-Ra- 76 28 +24.07 (c 0.55, CH,Cl))
methylbenzyl

A generd problem associated with the radicd reections is the removd of tin
impurities formed in the reaction mixture. A further trestment with saurated KF
solution is generdly needed. But in case of the cydized products 3.01d-i & 3.02d-i,
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KF trestment was not required for the removd of tin impurities and the products could
be easly purified by flash column chromatography.

In dl the cases, IR gspectra of the cyclized products showed a typicd amide
carbonyl pesk around 1740-1750 omi'. The mass spectra showed a molecular ion pesk
in most of the cases.

The 'H NMR of the crude reaction mixture obtained from the cydisation of
diagtereomeric mixture showed presence of only two cydized products, aisng one
from each diastereomer. Absence of any pesks in the region 6.06.50 (that of Syryl
double bond) dearly indicated that there was no formation of any reduced product.
The formation of 6-membered ring was further confirmed from the typicd pattern of
the benzylic protons.

Table3. Characteristic *H NMR data for the cydlised products

Comp H 'H NMR signd (d ppm) & | Portion of the *H NMR spectrum
No. coupling congants (Hz)
302e | H-2a 478(d, J= 49H2)
H-7a 402 (dd, J= 49,93 H2)

Ph-CH2 |275( J= 132H2) JL&M S &
5 %" 3 ' z

320(dd, J= 49, 132 Hz)

301f | H-2a 475(d, J= 40Hz)

& |H-7a 343 (dd, J= 4,8 H)

302f | Ph-CH2 |268(dd, J= 8 14Hz)

T .

310(dd, J= 8,14 Hz) 3 3

3.01g | H-2a 45(d, J= 43Hz)

& H-7a 477(d, J= 48H2)

3.02g | PhCH2 |333(dd, J= 43 68Hz) J X __f-m;;;;;a:;;il; s
348(dd, J= 48,53 Hz) ' 3 '

Multiplet
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3.02h | H-2a 451(d, J=4.4H2
H-7a 344(dd, J= 44,88 Hz)
Ph-CH2 | 265(dd, J= 128 136 H2) .»LM
_ N R
328(dd, J= 44,136H) | g ——
3.02i | H-2a 451(d, 3= 50H)

H-7a 338(dd, J= 569H2) U\—J
ll__J L_ )

Ph-CH2 | 253(dd, J= 55, 145H2)

276 (dd, J= 55, 145 H2)

Synthesis of 3.01d

The diassereomeric mixture of 1.14d & 1.15d was separated by fractiond
ayddlization to obtan the individud diagereromers in the pure form. The
diastereomer 1.14d was subjected to the typicd conditions of radicd cydisaion
(Scheme 17). The reaction was over within %2 h (TLC).

Scheme 17
: H
H___ : O~ ,0
Bu3SnH / AIBN
—_——>
. N Benzenereflux
- gr.” - AN 1-2h
H ) A PMP
Ph
1.14d 3.01d

The product obtaned dafter work up was purified by flash column

chromatogrgphy. The tin impurity was removed eeslly by dution with pet ether. The
pure product was obtained from repested flash column chromatography as a foamy
lid (3.01d).

The IR of 3.01d showed a pesk a 1740 cm’ indicating presence of b-lactam
amide carbonyl. The mass spectrum showed amolecular ion pesk at 431
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i /| f f/
LA A
The H NMR spectrum s . N e . ' -
showed abeence of any pesksin 'H NMR of 3.01d
the region of 6-6.75 (corresponding to the styryl double bond) which ruled out the
posshility of reduced product beng formed. Two multiplets in the region 0.35-0.50
could be assigned to the two-cydopropyl methine protons H-4a & H-5a The two
gnglets a 0.95 & 1.0 could be assgned to the two gemdimethyl protons. The protons
H-4, H-6 & H6a atached to the carane ring were seen as multiplets in the region 1.0
1.70. The benzylic protons were observed as a doublet with J = 8 Hz. A dngleta 3.78

was due to the methoxy protons of the PMP group. The b-lactam proton H-7a was

seen as dd a 3.95 with J = 1.7 & 5.6 Hz and other b-lactam proton H2a was seen as a
doublet a 494 with J = 56 Hz. The aromatic protons appeared as multiplets in the
region 6.80-7.40.

The**C NMR spectrum showed pesk a 1851 that of the tertiary carbon G-5.

Methylene cabons G4 & C [
6 were seen a 2659 &
31.37. The benzylic cabon

gppeared a 4013. The b | QLML T_\_. l_‘ “ HL
lactam carbons C-7a and C- T
2a appeared a 5246 and |
7543 respectivdly.  Methoxy

carbon of PMP wes seen | _J__J._l_ Jl QH___ M I

55.13. Queternary cabon C- 180 [=4] o =0 B %) 30 PP 20
3awas seen & 77.04. 3C NMR of 3.01d.

[ LI

Aromdtic carbons appeared a 114.35, 11847, 126.25, 12841, 12865, 130.38, 139.58
& 156.22. The amide carbonyl carbon of theb-lactamring was seen at 166.43.

The additiond support for this dructurd assgnment wes obtained from the
COSY NMR of 3.01d (Fig 2).
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Fig. 1. COSY NMR of 3.01d.

Table4. Important COSY connectivities for 3.01d

Proton Chemicd COosy
Nno. shift connedivity
Ly Ha Hb
(multiplicity) N
H-2a 495 (d) H-7a
H-7a 395 (dd) H-2a, H-7
H-7 243255(m)  H-6a H7a Hb®
3.01d
-CH,Ph
In the COSY NMR spectrum
H-6a 163-170(m)  H-7,Ha6, Hb-6 _
(Table 4), the benzylic protons
Ph-CHx-  295(d) H-7

showedstrong coupling with H-7.

The proton H7 was further connected with the b-lactam proton H-7a and the ring
junction proton, H-6a. The H-6a further showed connectivity with methylene protons
of the caane ring, Ha6 & Hb-6. These two protons were further atached to the
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cydpropyl methine protons in the region 045-050. From the further connectivity

patern of these cydpropyl methine protons it was possble to asign the pogtion of
other methylene protons Ha-4 & Hb-4 which were seen at 1.66 & 1.73.
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To decide the absolute stereochemistry of the compound, ROESY NMR of
3.01d was recorded (Fig. 2).

Fig. 2 ROESY NMR of 3.01d.
Table5. Important ROESY correations for 3.01d

Proton _ Chemicd shift  ROESY

o. (muitiplicity) connectivity

H7a 39 (d0) -CH,Ph

H-7 2.43255(m) -CHzPh, PMP

H-6a 163-170(m)  -CHPh, CHy(33)

Ph-CHz- 295 (d) H-6a, CH 53a),
H7, H7a

As shown above (Table 5) a drong connectivity exised between benzylic
proton and the angular methyl a C-3a which dealy indicated towards the posshility
of bezyl goup a C-7 to be ‘a’. The H-7 showed gspaid connectivity with both,
benzylic proton as wel as the aromatic protons from PMP group. This is possble only
if the proton H-7 is ‘b’. The spatid connectivity between the H-7 & b-lactam proton
H-7a further supported this conduson. This led to the assgnment of 2aR, 3aR, 4aS
5aR, 6aR, 7R, 7aS as the absolute stereochemistry a 3.01d.
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Radical Cyclisation of 1.15d (Synthesis of 3.02d)

The other diastereomer, 1.15d, was ds0 subjected to the optimized conditions
of radicd cydisation independently. The reaction was over within %2 h (TLC). The
product was purified by flash column chromatography (Scheme 18).

Scheme 18
- H = H
: - O
H‘-_ : O\' /0 4 - : © ' v
BusSnH / AIBN
S T— l
N Benzenereflux N
B A N 1-2h 3 : N
H J/H PMP r‘| PMP
Ph Ph
1.15d 3.02d

The purified product was a ayddline solid with mp 197°C. The IR showed a

typicd amide pesk a 1740 cm’. The mass spectrum showed a significant molecular
ion peek a 431(38%).

In the *H NMR spectrum of 3.02d, the cyclopropyl methine protons H4a & H
ba were seen as a multiplet in the region 0.35-0.75. Singlets a 1.0 & 1.06 accounted
for gem dimethyls a G5, while Snglet a 1.18 was due to the tertiary methyl & G3a
The multiplets in the region 1.20 to 2.0 were due to the methylene protons @ G4 & G
6. H-7 resonated asamultiplet a 2.40-245.

|I.- i II.- _.'. .Il' .-'-_. f :,'I

_L-__.!_ _] S A l AR A

F]

il

Fig. 3. '"H NMR of 3.02d.

& 4 . =

The benzylic protons were diastereotopic and resonated as a dd at 270 @ = 125, 135
Hz) & dd a 3.13 § = 45, 125 Hz). The methoxy pesk was seen as a Snglet a 3.78.
The b-lactam proton H7a gppeared as a dd, with J = 46 & 94 Hz. The other proton
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H-2a resonated as a doublet a 4.75 with coupling condant J = 4.6 Hz, a high coupling
condant indicating the presence of cis b-lactam. The aromatic protons resonated in the
region 6.80-7.50.

s
-l LULML

180 6o 10 120 BO 20 PPM O

Fig. 4. *C NMR of 3.02d

The ¥C NMR (Fig. 4) spectrum
showed pesks & 17.61 & 27.14 that of
C4 & C6. The tetiay cabon C-5

was seen a 1867. The benzylic
carbon resonated at36.73 while, the b-

lactam carbon G7a and the methoxy group appeared a 55.33 & 55.89. The other b--
lactam cabon C-2a appeared & 74.03, while the tetiary carbon C-3a gppeared a
77.66. The aromatic carbons resonated in the region 115 to 160 as 8 peeks. The b-
lactam amide carbonyl resonated at 163.99.

To decide the connectivity among different protons a COSY NMR of 3.02d
was recorded (Fig. 5).
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Fig5. COSY NMR of 3.02d.

Table6. Important COSY connectivities for 3.02d

Proton Chemicd COSY connectivity
no. shift
(multiplicity)

H-2a 475 (d) H-7a

H-7a 3.9 (dd) H-2a, H-7

H-7 240-245(m)  H-6a(week), H-7a
Ph-CHa & Ph-CHb

H-6a 130-135(m)  H-7,Ha6, Hb-6

Ph-CHa 3.13(dd) H-7, PhCHb

Ph-CHb 270 (t) H-7, PhCHa

The COSY NMR  spectrum
showed that the diagtereotopic

benzylic protons (Ha & Hb)

coupled with each other as wdl as with the proton H-7, which gopeared & 242. The
H-7 proton showed drong connectivity with b-lactam proton H-7a as wdl as the
benzylic protons But showed very wesk coupling with H-6a This indicated dihedra
angle H-C7-C6a-H to be around 90°. H-6a further coupled with Ha6 (axid) a 0.71 &
Hb-6 (equatorid) a 1.91. The cyclopropyl protons a H-4a showed connectivity with
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Ha-4 (axid) a 1.21 & Hb4 (equatorid) a 1.60. The b-lactam proton H-2a showed
drong connectivity with H-7a This confirmed the two dimendond dructure of the
compound 3.02d.

The compound 3.02d was a cyddline solid. Suitable crysds for X-ray
andyss were obtaned by the cryddlization of 3.02d from pet ether/dichloromethane
sysem. Fg. 6 shows ORTEP digram for 3.02d.

Fig. 6. ORTEP diagyam of 3.02d.

X-ray Datafor 3.02d

CosHaaNOs, M, = 43155, a = 6830 (2), b = 19.400 (4), ¢ = 18439 (4) A, a =
of, b =, g= 9P, V = 24432 (10) A 3, Z = 4, r caea = 1.173 Mg ', Rw = 0.1968,
T =293 (2) K, GOF = 0.966.

The Data for 3.02d were collected on Enariuf Nonius CAD4 single crystal %
ray diffractometer using Cu-Ka radiaion (I = 0.70930 A) and w-2q scan mode to a g
range of 152 to 24.88° The structure was solved by direct positiona and anisotropic
thermda parameters for non hydrogen atlom converged to Rw = 0.1764 R1 = 0.0691 for
4240 unique observed reflections Hydrogen aoms were geomdricdly fixed and
confirmed by a difference fourier which was hed fixed during the refinement. The
refinements were carried out using SHELEX-97-

From the dngle cysd X-ray andyss the absolute dereochemidry of the
molecule was determined. The benzyl group atached to the C-7 was ‘b and the
absolute stereochemidtry of the system was assigned as 2aS, 3aR, 4aS 5aR, 6aR, 7S
7aR
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Radical Cyclisation of 1.14l

In most of the cases dudied, styryl double bond a C-4 was used as a radicd
acceptor. To examine the efficdency of other odefinic double bonds as radicd
acceptors, we decided to use crotyl double bond a G4, as a radica acceptor. The b-
lactam 1.14l, obtained as a cryddline s0lid was subjected to the optimized conditions
of radica cydisation (Scheme 19).

Scheme 19
z H
H‘-_ - O\: /O
‘r BusSnH / AIBN
-
. N Benzenereflux
H_-' "Br N 1-2h
) g Ph
Me
1.141 3.01l

The reaction was over within two hours (TLC). The crude product could be separated
by flash column chromatography. The pure praduct 3.01l was isolated in 91% yidd as
awhite solid, mp 116-118°C.

The IR spectrum of the product
showed typicd b-lactam amide pesk a
1770 omt. A dgnificant molecular ion
pesk a 339 (25%) was seen in the mass
spectrum  of 3.01. The H NMR
spectrum was conclusve. The y
cyclopropyl methine protons were seen JJ,_.,_M __m_ﬁ_sr@‘d"’ﬂ
& a multiplet in the region 0.350.65. 35" S '1
The gem dimethyl groups gppeared as
two dnglets a@1.0 & 1.02, while the other
methyl a C-3a gppeared a 1.36. The rest
of the protons resonated as multiplets in

the region 0.75-2.0. The b-lactam proton
H-7a appeared as atriplet (merged dd) a
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411 with J =58 & 6.2 Hz. The other b-lactam proton H2a gppeared as a doublet at
493, with J = 5.3 Hz. The aromatic protons were seen as a multiplet in the region 7.0
to 7.6.

In the *C NMR spectrum of 3.01l, the carbons from carane skeleton appeared
in the region 9 to 55. The b-lactam carbon C-7a resonated a 5351 while the other
cabon, C-2a appeared a 74.62. The tettiay carbon C-3a, gppeared a 77.75. The

aomatic cabons gppeared as 4 pesks a 124.38, 12895, 12911 & 13753. The b-
lactam amide carbonyl was seen a 166.07.

It was not posshle to decide the dbsolute configuration a C-7 and S0 the
absolute stereochemidry of 3.011 was not determined.

Radical Cyclisation of 1.15m : Preparation of 3.02m

So far we had used only olefinic double bond & G4 as a radicd acceptor. The
effective cydisation was thus a 6-exo trig type of radicd cydisation. In order to study
the andogous 6-exo dig type of radicd cydisdion, a b-lactam deivative with triple
bond in the form of phenyl acetylene a C-4 was used.

Imine 1.13m on treatment with acid chloride 1.12a in the presence of EzN
underwent cydoaddition reection to give a diastereomeric mixture of b-lactams 1.14m
& 1.15m in theraio 55:45(Scheme 20).

Scheme 20

Et3N/CH2Cl2
_—
00Ctort

H

\
PMP

1.12a 1.13m 1.14m 1.15m

The polar diastereomer 1.15m was obtained as acryddline solid by fractiond
ayddlization of diedereomeric mixture of 1.14m & 1.15m from pet.
ether/dichloromethane. The absoltue sereochemisry of 1.15m was determined from
the sngle crystd X-ray andyss (Fig. 7).
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Fig. 7. ORTEP diagram of the crystads of 1.15m.

The Radical Cyclization of 1.15m

1.15m was aubjected to the optimized conditions of radicd cydization.
Benzene was used as a solvent, and the of BusSnH was added over 5 minutes (Scheme
21).

Scheme 21

H o) @)

- : /

- \—I’ BugSnH / AIBN
Benzenereflux
- N 1-2h
T e

1.15m 3.02m

As expected, the reaction was duggish and the *H NMR of the crude reaction
mixture showed formation of smdl amount of cydized product. The mgor product
observed was the reduced product obtaned by smple reduction of the hdide which
was eadly notified by the absence of any pesks in the olefinic portion corresponding to
the cydlised product in the *H NMR spectrum.
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Under modified conditions, in which the BusS'H in benzene was added by
syringe pump over 5h, the readtion was completed in 5 h (TLC). The *H NMR
gpectrum of the product 3.02m showed a smdl amount of product aisng from the
reduction of bromide The mgor product was cydized product, which showed a
doublegt & 6.28 (J = 25 Hz) due to the dlefinic proton of the cydized sysem. The b-
lactam proton H-2a, appeared as a doublet a 532 (J = 39 Hz). The proton H-7a
gopeared & 2.28 as a dd with J = 48 & 132 Hz. The gem dimethyl as wel as other
methyl gppeared as 3 dnglets a 0.99, 1.06 & 1.14 respectively. The rest of the carane
ring proton gppeared as multiplets in the region 040-2.0. The aromdic protons were
seen as multiplets in the region 6.75-7.60. Attempts to purify the compound faled, and
a smdl amount of reduced product, obtained as a Sde product, couldn't be separated
from the mixture.

Discussion Regarding Possible Mechanism
A typicd radicd cydization involves generdion of a radicd a proradicd Ste
A radicd trgp quenches the radicd and it agan generates a second radicd. This
radicd, in tumn, is reduced by hydride supplied by tin hydride and the process
terminates (Scheme 22).
Scheme 22

: H : H
H 1 0] o H. P o
_— —
T N > "
H J/H R2 H . b R

RY RY
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A veay high deadereodectivity in this cydisdion is intriguing. The
stereochemica insights into the radicad system reved tha the 3C-O-3®© bond is highly
flexible and can dtan vaidble torson angle The centra subgtituted hydropyran ring
adso can take a variable conformation. When the styryl double bond is b’ with respect
to the radicd center (Fig. 8), a sydem atans a conformation in which the centrd
hydropyran hasaboa T.S.

strong 1,3 diaxial interactions
energetically unfavorable conformation

Fig. 8
Also, the b-lactam ring and the 4¢Me dtan energeticdly unfavorable 1, 3
diaxid pogtions. In dl, these factors make the totd sysem energeticdly unfavorable

and isnot a preferred route for the radica cydlization.
In other case, the styryl double bond can be oriented as shown (Scheme 23).

Scheme 23

] ) severe (1,3)-allylic strain
no (1,3)-allylic strain highly strained T. S.

energetically favorable T. S. energetically unfavorable T. S.

With the styryl double bond inwards (T. S. B), there exists a strong 1,3-angle
stran among the b-lactam ring (C3-C4 bond) and the H of the styryl double bond. In
other case, i. e with outwards orientation of the styryl double bond (T. S A), the
double bond is far avay from the plane of the b-lactam ring. There exids no geric

interactions and energeticdly is afavorable trangtion Sate.
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This leads to the atack in 6-exo fashion. The conformationd condrants
imposed by the sydem ae drong enough to dlow only one product to be formed
under theradica conditions.

3.4 . Summary

A szies of noved b-lactams with 4-gtyryl substituents were successfully used as
precursors for the free radicd cydisgtion. On treatment with BwsSnH in refluxing
benzene they amoothly cydized diestereospecificdly by 6-exo-trig,  heptenyl
cydisttion in excdlent yidds. The products were multicydic b-lactams with 3 : 6 : 6:
4 backbone. In dmogt dl the cases the products were separated from the tin impurity
eadly by column chromatography. The mgor and minor diastereomers were cyclised
separately and the dereochemicd outcome of the cydization was dudied. The
absolute stereochemidry of the tetracyclic ring sysem (3 : 6 : 6 : 4) thus synthesized
was deemined from the sngle caydd X-ray andyds as wdl as the gpdtid
connectivity pattern of the ROESY NMR.
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35 . Experimental
General Procedure for the Radical Cyclisation of 1.14d-i,1 & / or 1.15d-i, 1:
Preparation of 3.01d-i,| & / or 3.02d-i, |
BusShH (040 mL, 1.5 mmol) was added over 5 minutes to a refluxing solution

of blactan (1 mmol) and AIBN (15 mg, 009 mmol) in benzene (15 mL). The
reection mixture was further refluxed for 1-2 h. After completion of the reaction
(TLC), the solvent was removed on rotary evgporator under reduced pressure. The
crude reaction mixture was andyzed by H NMR and purified by flash column

chromatogrephy  (Silica gd, perdeum ehe/ethyl acetate) to give pure cydized
products 3.01d-i, | &/or 3.02d-i, |.
Preparation of (2aR, 3aR, 4aS, 5aR, 6aR, 7R, 7aS) 7-Benzyl-1-(4-methoxyphenyl)-
3a,5,5-trimethyl-perhydrocycl opropa] 6, 7]chromeno[ 3,2-b] azet 2-one 3.01d

b-Lactam 1.14d (0508 g, 1 mmoal) on reaction with BusSnH (040 mL, 15

mmoal) in the presence of AIBN (16 mg, 0.1 mmoal), for %2 h, furnished b-lactam 3.01d
(0410 g, 95%) as afoamy s0lid.

M.P. . 585FC.

[a] s . -875 (c6.16, CH,Cl).

IR (cm™) : 1740,

HNMR :d 035-050 (m, 2H), 095 (s 3H), 1.0 (s 3H), 1.0105 (m,

1H), 135142 (m, 1H), 143 (s 3H), 155175 (m, 3H),
243255 (m, 1H), 295 (d, J = 7.8 Hz, 2H), 378 (s 3H),
395 (dd, J = 1.70, 560 Hz, 1H), 494 (d, J = 560 Hz, 1H),
6.82 (dd, J = 2, 9 Hz, 2H), 715 (dd, J = 2, 9 Hz, 2H), 7.26-
7.28(m, 3H), 7.36 (t, J= 7.5Hz, 2H).

CNMR :d 1477, 1851, 1984, 21.85 2659, 27.98, 3137, 3261,
3895, 4013, 4035 5246 5313, 5513, 7543, 77.04,
11435, 11847, 12625 12841, 12865 13038 13958,

156.22, 166.43.
MS[m/z (%)] © 432 (M+1, 2), 431 (M*, 5), 93 (100).
Microandyss : M.F. GgH3NOs.
Cdculated C:7791 H:7.71 N:325

Obtained C:7798 H:7.60 N:343
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Preparation of (2aS, 3aR, 4aS, 5aR, 6aR, 7S, 7aR) *Benzyl1-(4-methoxyphenyl)-
3a,5,5-trimethyl-perhydrocycl opropa] 6, 7]chromeno[ 3,2-b] azet 2-one 3.02d

b-Lactan 1.15d (0508 g, 1 mmol) on reaction with BugSnH (040 mL, 15
mmol) in the presence of AIBN (16 mg, 0.1 mmoal) for %2 h, furnished b-lactam 3.02d
(0.410 g, 95%) as awhite solid.

M.P.

[a] P

IR (cm?)
'HNMR

¥C NMR

MS[m/z (%)]
Microandyds

197°C.

+22.6° (c 1.25, CH2Cl).

1740.

d 035-047 (m, 2H), 0.650.75 (m, 1H), 1.0 (s 3H), 1.06 (s
3H), 118 (s 3H), 120-125 (m, 1H), 1.30-135 (m, 1H),
159163 (m, 1H), 189-194 (m, 1H), 240-245 (m, 1H),
270 (dd, J = 125, 135 Hz, 1H), 313 (dd, J = 45, 135 Hz,
1H), 378 (s 3H), 394 (dd, J = 46, 94 Hz, 1H), 475 (d, J =
46 Hz, 1H), 687 (dd, J = 2, 9 Hz, 2H), 711 (d, J = 75 Hz,
2H), 7.18-7.28 (m, 3H), 7.38(d, J= 9 Hz, 2H).

d 1487, 1761, 1849, 1867, 2149, 27.14, 2812, 2949,
3106, 3673, 3869, 3932, 5553 5589, 7403 77.66,
11984, 12621, 12824, 12841, 13087, 13857, 15655
163.99.

432 (M*+1, 11), 431 (M*, 38), 165 (100).

M.F. C;gH33NOs.
Cdculaed C:7791 H:771 N:325
Obtained C:7788 H:784 N : 347

Preparation of (2aS, 3aR, 4aS, 5aR, 7R, 7aR) 7-Benzyl-3a,5,5-trimethyl-1-1-phenyl)-
perhydrocyclopropal 6,7]chromeno[ 3,2-b] azet-2-one 3.02e

b-Lactan 1.15e (0479 g, 1 mmoal) on reaction with BusShH (040 mL, 1.5 mmd) in
the presence of AIBN (16 mg, 0.1 mmol) for 1h, furnished b-lactam 3.02e (0.321 g,

80%) as awhite solid.

M.P.

186-188°C.



[a] P
IR (cm™)
'H NMR

BC NMR

MS[m/z (%)]
Microandyds
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+20.53 (¢ 0.76, CH2Cl»).

1379, 1598, 1755, 3018.

d 025-055 (m, 2H), 055082 (m, 1H), 10, 107 (2s 6H),
120140 (m, 1H), 152-175 (m, 1H), 185-205 (m, 1H),
235255 (m, 1H), 275 (dd, J = 127, 132 Hz, 1H), 3.20 (dd,
J = 49, 132 Hz, 1H), 402 (dd, J = 49, 93 Hz, 1H), 478 (d,
J= 49Hz, 1H), 7.0-7.6 (m, 10H).

d 1495 1768, 1875 2152, 2722, 2819, 2956, 3692,
3869, 3943, 5576, 7407, 7777, 11815 12457, 12632
128.31, 128,52, 129.05, 137.73, 138.60, 164.50.

401 (M*, 12), 191 (100), 95 (46), 91 (33).

M.F. G;HzNO;,

Cdculated C:80.76 H:7.78 N :349
Obtained C: 8051 H:753 N:365

(28S, 3aR, 4aS, 5aR, 7S, 7aR) & (2aS, 3aR, 4aS, 5aR, 7S, 7aR) 7-Benzyl-3a,5,5
trimethyl-1-propyl-perhydrocyclopropal6,7]chromeno[3,  2-blazet2-one  3.01f &

3.02f

A diagereomeric mixture of 1.14f & 1.15f (0445 g, 1 mmad) on refluxing with

BusStH (040 mL, 15 mmoal) in the presence of AIBN (16 mg, 0.1 mmal) for 1h,
furnished diastereomeric mixture of 3.01f & 3.02f (0.239 g, 65%) asagum.

[a] D5
IR (cm?)
'H NMR

B¥C NMR

MS[m/z (%)]
Microandyss

+20.14° (c 144, CH2Cl2).

1215, 1743, 2873, 3018.

d 035-065 (m, 2H), 075 (t, J = 8 Hz, 3H), 103, 104 (5
6H), 132 (s 3H), 065220 (m, 9H), 267 (dd, J = 8, 14 Hz,
1H), 280325 (m, 3H), 343 (dd, J = 4, 8 Hz, 1H), 475 (d, J
= 4 Hz, 1H), 7.175 (m, 5H).

d 1122, 1480, 1875, 1982, 2091, 2137, 2514, 2823
2872, 3156, 3021, 4147, 4222, 43.26, 5588, 7447, 78,
12649, 128.39, 128.63, 129.18, 139.50, 167.94.

369 (M*+2, 0.1), 367 (M", 0.1), 191 (48), 95 (88), 91 (100).

M.F. CH3NO,,
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Cdculaed C: 7843 H:9.05 N:381
Obtained C: H: N :

(2aR, 3aR, 4aS, 5aR, 7R, 7aS) & (2aS, 3aR, 4aS, 5aR, 7R, 7aR) #Benzyl-1-cylco-
hexyl-3a,5,5-trimethyl perhydrocyclopropal 6,7]chromeno[ 3,2-bjazet2-one  3.01g &

3.029

A diagereomeric mixture of 1.14g & 1.15g (0486 g, 1 mmol) on refluxing
with BusSnH (040 mL, 1.5 mmoal) in the presence of AIBN (16 mg, 0.1 mmoal) for 2h,
furnished diastereomeric mixture of 3.01g & 3.02g (285 g, 70%) asagummy solid.

[a] D5
IR (o)

'H NMR

BC NMR

MS[m/z (%)]

Microandyss

+2901° (c 1.02, CHoCla).
1495, 1741, 3163,

d 0.307 (m, 2H), 098, 102, 1.04 (35 totd 6H), 118, 132
(2s totd 3H), 0.80-210 (m, 15H), 215250 (m, 1H), 250
305 (M, 2H), 338 & 348 (dd, J = 43,93 Hz & dd, J = 48,
53 Hz respect. totd 1H), 45 & 477 (d, J= 43Hz & d, J =
4.8 Hz respect. tota 1H), 7.05-7.5 (m, 5H).

d 1488 1769, 1844, 1855 1869, 1979, 2127, 2187,
2503, 2512, 2517, 2530, 2598, 2722, 2821, 2952, 29.73,
30.78, 30.81, 3107, 3159, 3194, 3654, 3932, 39.63, 39.66,

4125, 4299, 5344, 5367, 5449, 5574, 7352, 7392, 76389,
7742, 12642, 12837, 12863, 12880, 12907, 1390, 1396/,
166.31, 168.04.

409 (M*+2, 2), 408 (M*+1, 0.05), 407 (M *, 0.05), 191 (100).
M.F. G7H3NO2.
Cdculaed C: 7956 H:915 N:344

Obtained C:8001 H:890 N :3.18
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Preparation of ( 2aS, 3aR, 4aS, 5aR, 6aR, 7S, 7aR) 7Benzyl-1-(tert butyl)-3a,5,5
trimethyl per hydrocyclopropal 6,7]chromeno[ 3, 2-bjazet 2-one 3.02h

b-Lactam 1.15h (0459 g, 1 mmoal) on reaction with BusShH (040 mL, 15
mmoal) in the presence of AIBN (16 mg, 0.1 mmol) for 1h, furnished b-lactam 3.02h
(0.305 g, 80%) as awhite solid.

M.P. © 132-134°C.

[a] s : +21.79 (c0.78, CHC).

IR (cm™?) 172,

H NMR :d 025-080 (m, 3H), 097 (s 3H), 1.04 (s 3H), 1.16 (s 3H),

089178 (m, 3H), 144 (s 9H), 178196 (m, 1H), 2.17-240
(m, 1H), 265 (dd, J = 128, 136 Hz, 1H), 328 (dd, J = 44,
137 Hz, 1H), 344 (dd, J = 44, 88 Hz, 1H), 451 (d, J = 44
Hz, 1H), 7.12-7.43 (m, 5H).

“C NMR ©d 149, 1776, 1856, 1879, 2148, 2767, 2821, 288l
2935, 3615 3859, 3926, 5377, 5603, 7316, 77.34,
126.34, 128.26, 12861, 139,17, 166.54.

MS[m/z (%)] : 383 (M™+2, 15), 382 (M*+1, 1), 191 (100), 173 (30), 95 (65),
91 (53).

Microandyss . M.F. GsHzsNOs.
Cdculated C: 7870 H:925 N: 367
Obtained C. 7834 H:901 N : 340

Preparation of (4R, 2aR, 3aR, 4aS, 5aR, 6aR, 7R, 7aS) & (1R, 2aS, 3aR, 4aS, 5aR,
6aR, 7S, 7aR) 7-Benzyl-3a,5,5trimethyl-1-(1¢phenylethyl)perhydrocyclopropal6,7]-
chromeno[3, 2-bjazet-2-one 3.01i & 3.02i

The diastereomeric mixture of b-lactams 1.14i & 1.15i (0507 g, 1 mmal) on
treatment with BusShH (040 mL, 15 mmal) in the presence of AIBN (16 mg, 0.1
mmol) for 2h, furnished a diastereomeric mixture of b-lactams 3.01i & 3.02i (0.326 g,
76%) as a white 0lid. One of the diastereomers 3.02i was separated by fractiond
cryddlization. The datafor which is given beow:
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(4R, 2aS, 3aR, 4aS, 5aR, 6aR, 7S, 7aR) 7-Benzyl3a,55trimethyl-1-[1¢
phenylethyl]-perhydrocyclopropal 6, 7]chromeno[ 3, 2-b]azet-2-one 3.02i

It wasisolated asawhite solid.

M.P.

[a] D5
IR (cm?)
'H NMR

¥C NMR

MS[m/z (%)]
Microandyss

208°C.

+24.07° (c 0.55, CH2Cl,).

1760.

d 0.4055 (m, 2H), 0.67-080 (m, 1H), 0.98 (s 6H), 1.23 (s
3H), 114132 (m, 2H), 169 (dd, J = 25, 7.0 Hz, 3H), 165
182 (m, 2H), 183193 (m, 1H), 253 (dd, J = 55, 145 Hz,
1H), 276 (dd, J = 55, 145 Hz, 1H), 338 (dd, J = 5,69 Hz,
1H), 47 (d, J = 50 Hz, 1H), 479 (q, J = 7 Hz, 1H), 6.78 (dd,
J= 2,7Hz, 2H), 71275 (m, 8H).

d 1483, 1866, 1970, 2028, 2111, 2558 2820, 2924,
3155, 3756, 4077, 4220, 5343, 5481, 7408, 7723
12671, 12698 12759, 12830, 12883, 12030, 13878
140.62, 168.32.

431 (M*+2, 0.1), 191 (100), 105 (30), 95 (29).

M.F. CooH3sNO,,
Cdculated C:8L08 H:821 N :3.26
Obtained C:80.7 H:845 N:352

Preparation of (2aR, 3aR, 4aS, 5aR, 6aR, 7S, 7aR) 7-Ethyl-1-phenyl-3a,5,5
trimethyl per hydrocyclopropa[ 6, 7] chromeno[ 3,2-b] azet-2-one 3.01I

b-Lactan 1.14l (0417 g, 1 mma) on reaction with BusShH (040 mL, 15
mmol) in the presence of AIBN (16 mg, 0.1 mmoal) for % h, furnished b-lactam 3.01l
(0.309 g, 91%) as awhite solid.

M.P.
[a] D5

IR (cm™)
'H NMR

116-118°C.
+79.80°(c 0.99, CHACl).

1400, 1520, 1620, 1770, 2950, 3040.

d 035-065 (m, 2H), 065120 (m, 5H), 10, 102 (25 6H),
120200 (m, 6H), 136 (s 3H), 411 (dd, J = 58, 62 Hz,
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MS[m/z (%6)]

Microandyss
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1H),493(d, J= 53 Hz, 1H), 7.057.55 (m, 5H).

d 952, 14.83 1873, 1996, 2095, 2322, 2460, 28.25, 29.87,
3140, 3889, 4094, 5351, 7462, 7745 12438 12895,
12911, 137.53, 166.07.

341 (M*+2, 13), 340 (M*+1, 36), 339 (M*, 25), 311 (100),
283 (47), 267 (65), 220 (61), 191 (63), 175 (95), 135 (49),
121 (52), 95 (71), 57 (8L).

M.F. CoH20NO2,

Cdculated C:7784 H:861 N:4.13
Obtained C:7758 H:832 N:385

Preparation of 1.14m & 1.15m
Imine 1.13m (0.235 g, 1 mmal) on reection with acid chloride 1.12a (0.617 g,
2 mmol) n the presence of base Ei;N (0.84 mL, 6 mmal) in dichloromethane (20 mL)

provided a diadereomeric mixture of b-lactams 1.14m & 1.15m. One of the

diastereomers 1.15m wes isolated in pure form by fractiond cryddlizetion from pet
ether/dichloromethane. The spectral and andytica deata for which is given below.

(3S4R,16534R,44R,66R)  3-[4-Bromo-3,7,7-trimethylbicyclo[4.1.0] hept-3-yloxy]-1-(4-

methoxyphenyl)-4-(2-phenyl-1-ethynyl)-2-azetanone 1.15m

M.P. 169°C.

[a]P2s -156.74°(c 043, CHoClo).

IR (cm?) 1723, 2234,

'H NMR d 060-080 (m, 2H), 0.95 & 097 (2s 6H), 153 (s 3H), 1.67
(dd, J = 4, 14 Hz, 1H), 228 (dd, J = 950, 14 Hz, 1H), 235
247 (m, 2H), 379 (s 3H), 415 (t, J = 9 Hz, 1H), 492 (d, J
= 44 Hz, 1H), 531 (d, J = 44 Hz, 1H), 688 (d, J = 8 Hz,
2H), 7.2-757 (m, 7H).

CNMR d 1546, 1792, 1862, 1957, 2137, 2843, 3181, 3240,
5170, 5545, 5957, 7753, 8037, 8272, 8905 11441,
11860, 12216, 12838, 12885 13069, 13187, 13650,
163.59.

MS[m/z (%)] 509 (M™+2, 15), 508 (M*+1, 2), 507 (M*, 3), 236 (100), 93

(45), 134 (49).
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Microandyss . M.F. GgH3BrNOs,
Cdculated C: 6614 H:59 N:275
Obtained C:6601 H:611 N:301
Preparation of 3.02m

BusS H (054 mL, 15 mmd) in tduene (10 mL) was added by syringe pump,
to a refluxing solution of b-lactam 1.15m (0430 g, 1 mmol) and AIBN (15 mg, 0.09
mmol) in toluene (15 mL) over 5 h. The reaction mixture was further refluxed for 1-2
h. After the completion of reaction (TLC) solvent was removed on rotary evaporator
under reduced pressure. The crude reaction mixture was andyzed by 'H NMR and
purified by flash column chromatogrephy (Slica gd, petroleum ether/ethyl acetate) to
get 3.02m (0.300 g, 70%) as afoamy solid.

M.P. . 7981°C.

[a]P2s © +888°(c 1.74, CH ).

IR (cm™) : 1512, 1755, 2937, 3018,

'H NMR :d 040-067 (m, 2H), 0.99 & 1.06 (2s 6H), 1.14 (s, 3H), 0.85

190 (m, 4H), 228 (dd, J = 48, 132 Hz, 1H), 365 (5 3H),
432 (d, J = 39 Hz, 1H), 532 (d, J = 39 Hz, 1H), 628 (d, J
= 25 Hz, 1H), 675 (dd, J = 29, 83 Hz, 1H), 7.0755 (m,
8H).
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Chapter IV

Heterocyclic Ring Formation Using Radicals

Derived From Aromatic System

"1 think and think for months and years. Ninety-nine times, the conclusion is false. The
hundredth time | amright.”
Albert Einstein
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4.1 :Introduction

The radica chemistry has continued to attract research interests of organic
chemigs over the years. However, it has been mostly concentrated around the carbon
based radicads® The sudies mostly revolve around the examination ard utilisstion of
cabon centered radicals and ther interactions with related carbon based unsaturated
sysems and akenes. Heteroatomic acceptors such as carbonyl groups, imines, nitriles,
and reaed systems have received much less soruting.? After the accumulaion of
kingtic data and the detalled dudies in such type of cydizations, where heteroatomic
acceptors like imines, hydrazones, oxime ethes ae used, the picture has darted
changing dramaticdly. This is evidenced by a ragpidly increesng number of
publications, where heterostomic radical trgps ae used as a key dep in the
construction of multicydlic skeletons ™2

The mgor drawvback associated with cdasscd radicd cydisaion precursors is
the nat loss of paticipaing functiond groups. This problem does not aise with
heteroatomic acceptors, ingead, products are generated that retain syntheticaly useful
functiondity for subsequent manipulaions If desred, the nitrogen can be removed to
aford carbocydic sysems. Among the heteroatomic acceptors, the imines® oxime
ethers,* hydrazones® and nitrile® are the most useful and frequently used acoeptors.

This draegy is effectively used in the totd synthess of a number of naturd
products  like  ()-bdand,”  terodotoxin?®  (+)-7-deoxypancratigatin®  and  opium
dkaoids like morphine™

Nato and coworkers have reported both, cis as well as trans isomers of (-)-

baanal. (Scheme 1).” The use of oxime ether as a radical acceptor was the key step in
thelr srategy.

Scheme 1

o

n- BU3SI’]H
fNOBn AIBN NOBn " '1NOBn

N (58%)
Boc
40% 60%
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Radicd cydisdion involving imine double bond was the key dep in the
synthesis of cryptostyline akaloids with isoquinoline skeleton (Scheme 2) 3

Scheme 2
MeO MeO
n-BuzSnH
—_—
N AIBN N,
MeO Br MeO
Ar
(e}
5

Radicd cydisation, in which the appendages to the b-lactam core, in the form
of heterolytic bonds are used as radica acceptors, is very rae. Recently Alcaide has
used the imines derived from 4-formykb-lactams as radicd acceptors in the synthesis
of amino bicydic b-lactams (Scheme 3).** There are very few reports of concise and
elaborated work in this area.

Scheme 3
Bu3zSn
| NHBnN
BuzSnH
O// N\PMP bené?n’\éreflux o’ N\pMp

(59%)

4.2 : Present Work

Gengdly 6-exo radicd cydlistions are not among fecile and reective types of
annulations known in the radicad chemigtry. The 5-exo type of cydisation is kindicdly
controlled and thus highly efficent process than the 6-exo cydisation. Our observation
of a highly efficent 6-exo radicd cyclisation in case of (+)-3-carene derived b-lactams
with bromine aom of caane pat as a radicad generator and styryl double bond as a
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radicd acceptor was intriguing and promisng (which is discussed in deal in earlier
Chepter-111).

These results prompted us to use an ayl sysem in place of carane skeleton to
get polycydic ring frame anchored on aomdic ring. This chapter describes
preparation of required b-lactam systems with agpprqoriate radicd generator and
acceptor, usng andogous aromatic hado acids by ketene-imine cydoaddition reaction.
These sysems were used to sudy the regiosdectivity as wel as efficiency of ther

radica cydisaion, which eventudly led to the devdopment of methodology for the
gynthess of multicydic ring sytems. The other am was to use and examine the

efficiency of imino double bond as aradicd trgp in place of styryl double bond.

4.3 :  Reaults & Discussion

Preparation of acid chlorids 4.03a-b

0-Bromo phenal 4.01a on trestment with chloroacetic acid in the presence of
NaOH led to the formation of 4.02a in around 60% yidd (Scheme 4).

Scheme 4
OH COOH O-_cod
1) NaOH O~ oxalyl chloride ~
> B ——
2) CI-CH-COOH benzene reflux
Br Br Br
4.01a 4.02a 4.03a
OH
1) NaOH oxaIyI chloride
2) CI-CH- COOH benzene reflu
4.01b 4.02b 4.03b

In another resction, 4-tert-butylphenol on reaction with Br2 in CHCl3 was
sHectivdy brominated & ortho postion to give 2-Bromo-4-tert-butylphend (4.01b) in
good yidd. The phend 4.0lb on treament with chloroactic add, Smilaly got
conveted to the corresponding acid derivative 4.02b in modede yidd. The acids
4.02a,b on refluxing with oxdyl chloride in benzene for 2 h gave corresponding acid
chlorides 4.03a & 4.03b. These acid chlorides were used as such without further
purification.
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Preparation of 4.05a,b

The acid chlorides 4.03a,b on cydoaddition with imine (4.04) in the presence
of EtaN offered cis-b-lactams 4.05a,b in dmost quantitetive yidds (Scheme 5).

Scheme 5
R3
o i \ o H H
/@[ ﬁ 4.04 ‘PMP_
cocl CH2Cl2 /Et3N - N
RS Br r o’ pwp
4.03a,b (*)-4.05a,b
4.03a,R3=H 4.05a,R3=H
4.03b, R3 = t-butyl 4.05b, R3 =t-butyl

In the IR spectrum, the b-lactam 4.05a showed a pesk a 1752 cni’, typicd of
amide carbonyl. Molecular ion pesk was present in the mass spectrum a 449 (0.1%).
The *H NMR of 4.05a showed a singlet corresponding to the methoxy peek of p-anisyl
group & 3.79. A dd a 502 (§ = 4.9, 83 Hz) and a doublet a 551 ( = 4.9 Hz) could
be assgned to the H4 & H-3 of the b-lactam respectively. A dd at 6.48 was due to the
oldfinic proton from the styryl double bond, while the aromatic protons and one of the
olefinic protons from the gyryl double bond resonated as multiplets between the
region 6.7 to 7.7.

In case of 4.05b, IR showed a b-lactam pesk a 1745 cni'. The 'H NMR
showeda b-lactam proton H3, & 5.48 as a doublet J = 54 Hz) & H4 a 5.0asadd
(J= 54, 88 Hz). tert-Butyl group gppeared asasinglet a 1.25.

Radical Cyclisation of the 4-Styryl b-Lactams

The addition of a solution of BuzShH and cadytic AIBN in toluene by syringe

pump to the refluxing solution of the bromo-subgtituted b-lactams 4.05a & 4.05b in
toluene (Scheme 6) gave cydic product in good yidds



Scheme 6
R3 R3
Br _Ph Ph
H H OH H
°J \
BuzSnH / AIBN
/—N\ toluene reflux y N,
o] PMP 0 PMP
(#)- 4.05a,b (£)- 4.06a,b
4.05a,R3=H 4.06a,R3=H
4.05b, R3 =t-butyl 4.06b, R3 = t-butyl

The product obtaned from the cydisaion of 4.05a was purified by
cayddlizaion from pet ethe/dichioromethane sysem. A smdl amount of reduced
product (5%) was adso obtained as a side product, which showed a dd a 65 in 'H
NMR, typicd of styryl double bond.

The cydlized product 4.06a wes obtained as a cyddline solid, with mp 146
148°C. The molecular ion pesk of the cydized product wes observed a 371 (4%) in
the mass spectrum. The IR spectrum showed a pesk a 1751 cm*, which confirmed the

presence of b-lactamring.

The H NMR spectrum showed benzylic protons of the 5 s

cydlized ring as a doublet & 2.95, with J = 83 Hz. The secondary 4 7
proton H-8 adjacent to the benzylic proton, appeared & 365 asa [ _ Ph
triplet with J = 83 Hz, indicaing dmos no coupling with the H- 'Za 8a

8a proton of the b-lactam ring. The b-lactam proton H-8a O/Z—NiPMP
reonated as a doublet & 455, with J = 53 Hz. The other b- (£). 4.06a

lactam proton H-2a, resonated as adoublet at 5.40, with J= 5.3
Hz. The methoxy proton of the p-anisyl group appeared as a singlet & 3. 85. The
aromatic protons appeared in the region 6.6 t0 7.6.

To edadlish the 2D connectivity among the protons Decoupling Experiments
were carried out. The b-lactam protons as wel as the benzylic and the ring junction
protons were decoupled and from the *H NMR pattern the connectivity was confirmed.
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The cydized product 4.06b, was a solid. However, it was difficult to remove
the tin impurities from it, after repeated cryddlization. The IR spectrum showed a
pesk a 1747 cmi, typicd of b-lactam ring. The molecular ion pesk a 427 (4%), was
obsarved in the mass spectrum.

The M NMR spectrum showed a snglet a 112
corresponding to the 9H of the tertbutyl group a C-6. The
benzylic protons were diagtereotopic and gppeared & 290 (dd, J
= 83, 135 Hz) & 30 (dd, J = 83, 135 Hz). The proton H-8
gopeared as a triplet (merged dd) a 3.5 with J = 83 Hz. A snglet
a 375 was seen due to the methoxy group of the PMP moiety.

o “PMP
The b-lactam proton H2a gppeered as a doublet & 457 with J = (1) 4 06p

5.4 Hz, typicd of cis b-lactam. The other b-lactam proton H-8a

gppeared a 5.4 as a doublet, with J = 54 Hz. Aromatic protons resonaied in the region

between 6.56-7.4.

Decoupling Experiments were caried out to establish the connectivity among
adjacent protons. When the b-lactam proton H-8a, a 5.4 was decoupled, the doublet
due to the H2a collapsed into a singlet, however, there was no effect on the triplet a
3.5, due to H8. When the triplet a 35 from H-8 was decoupled, the multiplet due to
the benzylic protons changed to two doublet, but there was no change in the doublet at
457 due to the H-8a Findly, when the benzylic protons were decoupled, the triplet
due to the H-8 changed to bs All these experiments confirmed the fact thet the b-
lactam proton H8a and the H8 proton are not coupled. This indicated t a syn rdation
between H-8a & H-8, which was supported by the literature reports on the Smilar

types of sysem.

Preparation of Imino b-Lactams

So far we have discussed mogt of the work using of 4-gtyryl double bond as a
radical acceptor. We thought ta it will be interesting to study the use imino group as
a heteroatomic radicd acceptor in place of dyryl double. Therefore, corresponding
radica cascadesin the form of 4-imino b-lactams were synthesized.

The bromo acid chlorides 4.03a & 4.03b on tregtment with bismine 4.07 in the
presence of EtsN, reacted smoothly to fumnish the imino cis-b-lactams 4.08a & 4.08b
in excellent yields (scheme 7).



Scheme 7
R3
PMP
PMP_ Br
N=
e} _\:N\ (@) H H |
M 4.07 "PMP_
. CocCl toluene/Et3N N
R Br it o “PMP
4.03a,b (#)-4.08a,b
4.03a,R3=H 4.08a,R3=H
4.03b, R3 =t-butyl 4.08b, R3 = t-butyl

The IR spectrum of 4.08a showed a pesk a 1751 ot typicd of b-lactam
amide. A molecular ion peak was present at 480 (2%) in the mass spectrum.

The 'H NMR spectrum showed two singlets a 3.78 and 3.80

for the twomethoxy groups of the p-anisyl moigies The H-3 Q
and H4 of the b-lactam appeared a 5.6 (d, J = 53 Hz) and

o H HI
51 (dd, J = 53 & 6.18 Hz) regpectivdy. A high coupling \]H)
congtant indicative of a ds b-lactam ring. The aomatic o pup

protons gppeared as multiplets in the region 6.6 to 7.75. The (£)- 4.08a
doublet due to the imine proton resonated at 8.1 with coupling
condant J= 6.8 Hz.

The IR spectrum of 4.08b showed a typicd b-lactam carbonyl pesk a 1759
cm’. The *H NMR spectrum showed a singlet a 1.28 for the three-methyl groups from
the tert-butyl moiety, accounting for 9H. Two snglets & 378 and 381 could be
assgned to the two methoxy groups of the p-anisyl. The H3 of the b-lactam appeared
& a doublet & 558 with J = 54 Hz, typicd of cis b-lactam. The H4 of the b-lactam
gopeared as a dd a 5.07 with J = 54 & 7.3 Hz. The arométic protons were located as
multiplets between 6.75-7.60. The imine proton was seen as a doublet a 81 with J =
73 Hz
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The Radical Cyclisation of Imino b-Lactams

A toluene solution of BuzShH containing cadytic amount of AIBN was dowly
added to the refluxing solution of the imino b-lactams 4.08a,b in benzene over 4 h
(Scheme 8). The reaction was duggish and mogt of the unreacted sarting materid was
recovered. However, dow addition of BusShH usng syringe pump improved the yidd
of cyclized product upto 50% with the recovery of rest of the unreacted Sarting
maerid. In an intereding variation, when AIBN was used in the 1:1 molar ratio with
the darting maerid (added in smdl portions), the reaction was over within 4 h and
there was no unreacted sarting materid (TLC, *H NMR). The imino b-actams were
sibjected to these modified conditions of radica cydization and the results were
andyzed.

Scheme 8
R3 R3
PMP
Br N7 PMP
o H HJ OH H N\H
N Bu3SnH / AIBN \
y N, toluene reflux y N_
0 PMP 0 PMP
(%)- 4.08a,b (*)-4.14ab
4.08a,R3=H 4.14a,R3 =H
4.08b, R3 =t-butyl 4.14b, R3 =t-butyl

The crude product obtained from the cyclisation of 4.08a was purified by flash
column chromatography to get a ayddline solid 4.14a. The IR spectrum of 4.14a

showed apegk at 1751 cm-1 typicd of b-lactam carbonyl.

The 'H NMR spectrum of 4.14a showed two 56
anglets a 3.75 & 378, assgned to the twomethoxy groups 4 7

from the two p-anisyl units A dd a 4.80, with coupling o \ NIPMP
congtant of 49 Hz & 1.5 Hz could be accounted to the H8a of H'52a 5 =H :
the b-lactam. The secondary proton H-8, of the newly formed 0/2—1N\PMP

tetrahydropyran ring gopeared as a doublet a 4.85, with J = (£)- 4.14a
15Hz Thedoublet a 5.37 (J = 4.9 Hz) was due to the H-2a



of the b-lactamring. A high coupling congtant was indicative of cis stereochemigtry of
b-lactam. The aromatic protons appeared in the region of 6.6-7.5.

The connectivity among adjacent protons was further edtablished from the
Decoupling Experiments. When the doublet & 537 was decoupled, the Sgnd a 4.80
changed to a broad snglet. The irradiation a 4.80 affected dd a 5.37 and it was
changed to asinglet.

The b-lactam 4.14b was obtaned as a gummy liquid in 62% yidd. The IR
showed atypica amide carbonyl pesk a 1750 an™.

'H NMR spectrum showed a singlet a 1.2 integrating for 9
H due to tetiary butyl group. Two dnglets & 3.78 & 3.82 were
due to the two methoxy groups of the p-anisyl moiety. The
proton H8 of the subgtituted pyran ring was seen a 4.84 as a
doublet with J = 1.5 Hz. The b-lactam proton H-8a appeared a
480 asadd with J = 15 & 49 Hz. The other b-lactamproton “PMP
H-2a gppeared as a doublet, with J = 49 Hz a 541. A high ()-4.14b
coupling constant again confirmed the presence of cis
b-lactam. The aromeatic protons resonated between 6.60-7.45 region.

In the Decoupling Experiments, the irradigtion of doublet a& 541 (H-2a)
showed no agpprecidble effect on H-8, while the dd due to H-8a collgosed into a singlet.
The two protons H8 & H-8a were too close and it was not possble to decouple them

sectivdy. These two protons on Smultaneous irradiation changed the doublet due to
H-2ato abroad snglet.

The radicad cydisgtion with 4-oximo ether derivative of the b-lactam was dso
attempted. However, the yidd of cydized product was very poor and most of the
unreected starting materia was recovered.

Synthesis of 4.10 & 4.11b

The blactan 4.08b was hydrolyzed by treging with 5% ag HCl in
chloroform. The 4-formyl-b-lactam 4.09b was obtained as a crydalline solid. The 4
formylb-lactam 4.09b on reection with (R)-a-methyl benzylamine in presence of
MgSO, yidded diasereomeric mixture of 4-imino-b-lactans 4.10b & 4.11b (Scheme
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9). It was not posshble to separate the diastereomers 4.10b & 4.11b from the
diagtereomeric mixture.

Scheme 9
Me
Br 1
NI ph
X O H H H
| P H
\Br N/PMP Br N
/
o H H OH HO e o . pmp
A\ N Ph-RyNH 4.10b
5% Conc. HCI H (RYNH; +
>
S CHClz I MgSO 4/ CH2Cl
0 PMP o “PMP i, 2h S
| M
(i)'4-08b (i)-4.09b /\B vie
e
N“L>Ph
o H H H
\- g
H
»—N,
4.11p "MP

Radical Cyclisation of 4.10b & 4.11b
The diastereomeric mixture of 4.10b & 4.11b was subjected to the optimized

conditions of redicd cydlisation (Scheme 10).
Scheme 10

BugSnH / AIBN

4.10b & 4.11b >
Toluene reflux P N
syringe pump addition 0/4 12b\PMP

A mixture of BusSnH and AIBN in toluene was added by syringe pump to the
refluxing solution of 4.10b & 4.11b in toluene. AIBN was used in 1:1 molar ratio and
was added in amdl portions over a period of 4 h. The reaction was over within 6 h &
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the crude product was obtained as a gummy liquid which was purified by flash column
chromatography.

The H NMR spectrum of the crude reaction mixture showed presence of only
two diastereomes The two diedereomers were sgparated by flash  column
chromatography to get 4.12b & 4.13b. The nonpolar product 4.12b ([a]"s = -3.98°, ¢
1.86, CHCl3), showed ab-lactam carbonyl pesk a 1751 cmi® inits IR spectrum.

The 'H NMR spectrum showed a singlet a 1.23 for the
tert-butyl group and a doublet a 1.30 0 = 6.3 Hz) for the
methyl group from the amine component. The methoxy
pesk was seen as a snglet a 3.75. H8 appeared as a singlet
a 390 while the CH from the amine pat appeared as a
quartet in the region 3.75 to 3.95. The H8a of the b-lactam
was seen as a dd a 4.75, with J = 1.5 & 4.9 Hz while H2a
appeared as adoublet with J= 4.9 Hz & 5.42. The aromatic

protons were seen in the region 6.70-7.50.

The connectivity between the b-lactam protons was quite evident as the pesk a
542 collgpsed to a shap dnglet when the b-lactam proton H8a, was decoupled. The
bs around 4.10 (H-8) on irradiation, changed the dd of H8a to a dean doublet with J =
49Hz

The polar diasereomer 4.13b {[a]°»s = +10126° (c 143, CHCl)}was
obtained as a gum, which showed a pesk a 1751 cm? in the IR spectrum, typicd of b-
lactam amide carboyl.

The 'H NMR spectrum showed a singlet a 1.25 for the
tert-butyl group and a doublet & 145 J = 6.9 Hz) for the a-
methyl of group from the amine component. Methoxy pesk
gopeared as a dnglet a 3.75. The CH of methylbenzylamine
part gppeared as a quartet a 4.05 with J = 69 Hz. A bs a
4.12 could be assigned to the pyran ring proton, H8. The H

o} “PMP
8a of the b-lactam appeared at 4.76 as a dd, with J = 15 & 4.13b

5.4 Hz. The H-2a appeared as doublet a 5.41 with coupling

constant J= 5.4 Hz. The aromatic protons were seen in the region between 6.7-7.5.
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In the Decoupling Experiments, when the doublet a 145 due to CHz was
decoupled, the quartet & 4.05 was affected. The decoupling of the bs a 4.12 (H-8)
affected the H4, which was converted to a dean doublet with J = 4.9 Hz. when the dd
a 476 (H-89) was decoupled, the doublet & 541 (H-2a) was converted to a shap
snglet, while the a broad snglet a 4.12 (H-8) collgpsed into a deen singlet. Again, a
very low coupling congant (J= 1.5 Hz) between H-8a & H-8 was observed.

Mechanism

A low coupling condant (02 Hz) between b-lactam proton, H-4 & adjacent
proton on the subdituted tetrahydropyran ring indicates a trans reationship between
them. It is well established fact that the stereochemistry of cydlizaion is governed by
C-4 centre of b-lactam ring. As shown in the Scheme 11, the 4-imino or 4-syryl
double bond is oriented in such a way tha there is minimum interaction with b-lactam
ring plane The 1,3 diaxid interaction between b-lactam plane and X-R* are absent in
TSA.

Scheme 11
H H H
0 o} O.
T — Ok — OOk
0 0 O
R C’ﬂ/ "R R 1,;7 r° R X F
| H R N, S BN
RY” H R R2
A
X =N, CH
R2=PMP
R =H, t-Bu

The other possble mode of cydization (Fg. 1, TS-B) involves, a svere 13 diaxid
interactionsamong b-lactam plane and the X-R* group.

o M
PRy
;‘) Fo
AN
Fefxl‘\:}‘R2
B

Fig. 1.

The TS — B is enegeticdly unfavorable trangtion state and does’t contribute to the
formation of cydized product.



4.4 . Summary

4-Syryl and 4-imino subdiituted cis-blactams were synthesized in high yidds usng
ketenes deived from aomatic bromo acids These b-lactams underwent 6-exo-trig
radicd cydclizetion to give tricydic (6:6:4) derivaives In case of syryl subdituted b-
lactams it was difficult to purify the products from tin impurity. An asymmetric
vason of this dralegy was adso accomplished to get chird, multicydic b-lactams.

Decoupling Experiments and 'H NMR spectrd pattern was used to confirm the
sructure of the products.
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4.5 . Experimental

Preparation of 4.02a

To a dirred mixture of o-bromophenol (087 g, 5 mmol) and 35 mL of 33%
NaOH solution was added chloroacetic add (25 mL, 50%). The flak was loosdy
corked and hested on a gently boiling water bath for 1 h. Then the reaction mixture
was dlowed to cool and water (10 mL) was added to it. It was acidified to Congo red
with dil. HCl and extracted with ether (30 mL). The etherd extract was washed with
water (10 mL) and then extracted with 5% N&CO; solution (25 mL). The NaxCOs;
extract was acidified with conc. HCl to get the pure acid 4.02a as a white solid (0.575
g, 50%).

M. P. . 138-139°C.

Preparation of 4.02b

A procedure smilar to 4.02a was gpplied. 4.01a (0.640 g, 5 mmoal) was treated
with chloroacetic acid (2.5 mL) to get 4.02b (0.643 g, 45%) as awhite solid.

M.P. - 110-111°C.
IR (cm?) © 1488, 1502, 1737, 2966, 3018, 3000-3500.
'H NMR ©d 130 (s 9H), 472 (s 2H), 680 (d, J = 8 Hz, 1H), 7.20-7.35

(m, 1H), 757 (d, = 2 Hz, 1H), 7.658.25 (bs, 1H).

Preparation of acid chloride 4.03a

A lution of add 4.02a (161 g, 7 mmo) and oxdyl chloride (0.87 mL, 10
mmol) in benzene (25 mL) was refluxed under argon amosphere for 25 h. The
reaction mixture was then cooled and benzene removed under reduced pressure to get

acrude acid chloride 4.03a, which was used as such in the next step.
Preparation of 4.03b

Smilaly add 4.02b (286 g, 10 mmol) was trested with oxadyl chloride (151
g, 12 mol) to ga a cude add chloride 4.03b, which was used as such without further
purification.



General Procedure for the Preparation of 4-Styryl b-Lactams

To a dirred solution of imine (2 mmol) and Et:N (105 mL, 7.5 mmadl) in
CHxCl2 (30 mL), add chloride (3 mmal) in CHxCl2 (25 mL) was added drop-wise &
0°C over % h. The reaction mixture was dlowed to gir further for 5 h. After

completion of the reection (TLC), the reaction mixture was diluted with CH,Cl, (25
mL), and washed successvely with satd. NaHCGO; (2 x 20 mL), water (2 x 20 mL) and

findly with brine (10 mL). The organic layer was dried over NaSOw and concentrated
to furnish crude product, which was crystalized from pet ether/ dichloromethane.

Preparation of 3-(2¢-Bromophenoxy)-1-(4¢¢-methoxyphenyl)-4-[ 2¢8¢-phenyl-(E)- 1 6¢
ethenyl]-2-azetanone 4.05a
Imine 4.04 (0474 g, 2 mmoal) on treatment with acid chloride 4.03a (~0.745 g,

3 mmol) in the presence of EtN (112 mL, 6.0 mmoal) furnished b-lactam 4.05a (0.485
g, 96%) which was purified by crysalization to get awhite solid.

M.P. © 140-142°C.

IR (cm™) : 1510, 1752, 3002.

'H NMR :d 379 (s 3H), 502 (dd, J = 49, 83 Hz, 1H), 551 (d, J =
49 Hz, 1H), 648 (dd, J = 88, 156 Hz, 1H), 6.7-7.7 (m, 14
H).

MS[m/e (%)] 449 (01, M), 451 (M+1, 01), 300 (15), 236 (18), 129
(100), 115 (29), 77 (17).

Microandyss : M. F. G4H20BrNO3.
Celculated C: 6401 H:448 N:311
Obtained C:6385 H:472 N:290

Preparation of 3-[2¢-Bromo4¢(tert. Butyl)phenoxy]-1-(49¢-methoxyphenyl)-4-[ 266
phenyl-(E)- 1¢d¢-ethenyl]-azetan-2-one 4.05b

Imre 4.04 (0474 g, 2 mmoal) on trestement with acid chloride 4.03b (~0.912
g, 2 mmoal) in the presence of EtaN (112 mL, 6 mmal) furnished b-lactam 4.05b (0.97
0, 96%), whichwas purified by crygdlization to get awhite solid.

M.P. . 174175°C.
IR (cm?) : 1463, 1500, 1745.
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'H NMR . d 125 (s 9H), 378 (s 3H), 50 (dd, J = 54, 88 Hz, 1H),
548 (d, J = 54 Hz, 1H), 648 (dd, J = 88, 161 Hz, 1H),
6.75-7.70 (m, 13H).

Microandyss : M. F. GgHodBrNO3,
Cdculated C: 6641 H:557 N:277
Obtained C:6615 H:529 N:250

General Procedure for the Synthesis of 4-1mino-b-Lactams

To a dirred mixture of bigmine (2 mmol) and EtsN (7.5 mmd) in toluene (25
mL) wes added acid chloride (3 mmoal) in toluene (10 mL) over Y2 h a room
temperature. The reaction mixture was dlowed to gir a room temperature for 5 h.
After completion of the reaction (TLC), the reaction mixture was diluted with ethyl
acetate (25 mL) and washed successvely with satd. NaHCO; (2 x 20 mL), water (2 X
20 mL) and findly with brine (10 mL). The organic layer wes dried over Na:SOs ad
concentrated to furnish crude product, which was cryddlized from pet ether/
dichloromethane to give pure 4-imino-b-lactam.

Preparation of 3-(2¢-Bromophenoxy)-1-(4¢¢methoxyphenyl)-4-(498¢-methoxyphenyi-
iminomethyl)-2-azetanone 4.08a

Acid chloride 4.03a (0496 mg, 2 mmol) on treatment with bismine 4.07
(0804 g, 3 mmal) in the presence of EN (1.05 ml, 7.5 mmoal) provided the b-lactam
4.08a asawhite solid (0.749 g, 78%).

M.P. : 124125°C.

IR (cm™) : 1512, 1751, 3016.

'H NMR : d 378 (s 3H), 380 (s 3H), 51 (dd, J = 53, 618 Hz, 1H),
56 (d, J = 49 Hz, 1H), 66-7.75 (m, 12H), 81 (d, J = 68
Hz, 1H).

MS[m/e (%)] : 482 (M+2, 2), 480 (M", 2), 309 (100), 281 (16), 252 (17),
174 (16), 134 (40), 77 (25).

Microandyss : M. F. GaH21BrNzOs,
Celculated C: 5989 H: 440 N :582

Obtained C:5061 H:4.10 N: 562
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Preparation of 3-[2¢Bromo4¢(tert. Butyl)phenoxy ]-1-(4¢¢methoxyphenyl)-4-(46b¢
methoxyphenyliminomethyl)-2-azetanone 4.08b

Acdd chloride 4.03b (761 mg, 25 mmol) on trestment with bismine 4.07 (536
mg, 2 mmoal) in the presence of EtsN (105 ml, 7.5 mmadl) provided the b-lactam 4.08b
asawhite solid (1.02 g, 95%).

M.P. : 134-135°C.
IR (cm™) : 1504, 1514, 1759, 3018,
'H NMR :d 128 (s 9H), 378 (s 3H), 381 (s 3H), 507 (dd, J = 49,

7.3 Hz, 1H), 558 (d, J = 54 Hz, 1H), 6.757.60 (m, 11H),
81(d,J= 7.3Hz, 1H).

m/e (%) ;538 (M™+2, 1), 310 (20), 309 (100), 281 (20), 213 (29), 134
(93), 107 (31), 77 (43).

Microandyss © M. F. GgH2BrN2Os.
Cdculated C:6258 H:544 N:521
Obtained C:6330 H:516 N : 501

Preparation  of  3-[2¢-Bromo-4¢-(tert-butyl)phenoxy]-1-(4¢-methoxyphenyl)-4-oxo-
azetane-2-carbaldehyde 4.09b

A dirred mixture of 4.08b (0538 g, Immal), CHCl3 (25 mL) and 5% HCl (15
mL), a O°C was dired a room temperature for 1.5 h. After completion of reaction the
(TLC), the reaction mixture was diluted with CHCk (20 mL) and washed with water
(20 mL), saturated NaHCO; and findly with brine. The organic layer was dried over
Na;SO, and the solvent was removed on rotary eveporator under reduced pressure.
The crude product was purified by cryddlization from pet ether/ethyl acetate to get a
whitesolid 4.09b (0.258 g, 60%).

M.P. © 149-150°C.
IR (cm'l) : 1514, 1749, 2950, 3018.
'H NMR :d 128 (s 9H), 380 (s 3H), 475 (dd, J = 34, 54 Hz, 1H),

555 (d, J = 54 Hz, 1H), 690 (d, J = 85 Hz, 2H), 7.20-7.45
(m, 4H), 7.55 (d, J= 15Hz, 1H), 995 (d, J= 3.4 Hz, 1H).
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Preparation of 4.10b

A mixture of 4.09b (0.862 g, 2 mmoal), (R)-(+)-mehylbenzyl amine (0.22 mL,
1.8 mmoal), CHCl> (30 mL), and MgSO4 (1 g) was stirred at OC. The resction mixture
was dlowed to wam up to room temperaure and further dirred for 2 h. After
completion of the reaction (TLC), the reaction mixture was filtered through a sntered
funnd to remove MgSO,. The filtrate was concentrated under reduced pressure to get
an allly product 4.10b, which was used without further purification in the next step.

General procedure for the radical cyclisation of 4-styryl-b-lactams

A toluene solution (10 mL) of BusSnH (1.3 mmol) containing AIBN (30 mg,
0.18 mmol) was added by syringe pump over a period of 2 h, to a refluxing solution of
b-lactam (1 mmoal) in toluene (15 mL). The reection mixture was dlowed to reflux
under argon amosphere for 12 h. After completion of the reection (TLC), the solvent
was removed on rotary evaporator under reduced pressure. The crude reaction mixture
was andyzed by 'H NMR and purified by flash column chromaography (Slica gd,
petroleum ether/ethyl acetate; 75 : 25).

Preparation of 8Benzyl-1-(4¢methoxyphenyl-2, 2a, 8, 8atetrahydro-1H-
chromeno-[3, 2-bjazet-2-one 4.06a

The b-lactam 4.05a (0449 g, Immol) on treament with BusShH (04 mL, 15
mmoal) in the presence of AIBN (30 mg, 0.18 mmoal) underwent radicad cydlisation to
gve b-lactam 4.06a (0334 g, 90%) as a white solid. A smdl amount of reduced

proeduct (5%) was dso formed dong with the cydised product but it was not possble
to separde it from 4.06a by cyddlization or column chromatogrgphy. The spectrd
and physicd datafor 4.06a is given beow.

M.P. © 146-148°C.

IR (cm?) : 1512, 1751, D16.

'H NMR : d295(d, J =83Hz 2H), 356 (t, J = 83 Hz, 1H), 376 (s
3H), 456 (d, J = 49 Hz, 1H), 541 (ct, J = 53, 20 Hz), 66
7.6 (m, 13H).

MS[m/e (%)] . 372 (M*+1, 1), 371 (M7, 4), 149 (125), 131 (100), 91 (17),

77 (12).
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Preparation of 8-Benzyl-6-(tert.  butyl)-1-(4-methoxyphenyl)-2,2a,8,8atetrahydro-
1H-chromenq[3, 2-b]azet-2-one 4.06b

The b-lactam 4.05b (0505 g, Immoal) on trestment with BusShH (04 mL, 15
mmol) in the presence of AIBN (30 mg, 0.18 mmol) underwent radica cydlisation to
give b-lactam 4.06b (0.384 g, 90%) as a white solid. It was not possble to remove the
tin  impurites compleedy from 4.06b by oayddlizaion or flash column
chromatography. The spectrd and physica datafor 4.06b is given beow.

M.P. ©140°C.
IR (cni®) . 1514, 1747, 2962, 3018,
'H NMR :d 112 (s 9H), 2802307 (m, 2H), 35 (t, J = 75 Hz, 1H),

378 (s 3H), 457 (d, J = 52 Hz, 1H), 54 (d, J = 52 Hz,
1H), 656 (d, J= 22 Hz, 1H), 6.75-7.4 (m, 12H).

“CNMR o 18322, 1723, 2650, 27.54, 3100, 3380, 3983, 40.65 5517,
5857, 7930, 11428, 11749, 11848, 12407, 12554,
12633, 12756, 12820, 12888, 13843, 14605 15000,
156.05, 162.50.

MS[m/e (%)] L 428 (M*+L, 1), 427 (M*, 4), 187 (100), 172 (15), 157 (20),
134 (20), 91 (33), 77 (22), 57 (27).

General procedure for the radical cyclisation of 4-imino b-lactams

A toluene solution (10 mL) of BusSnH (15 mmol) containing AIBN (0.08 g,
0.5 mmol) wes added by syringe pump over a period of 5 h to the refluxing solution of
b-lactam (1 mmal) in toluene (15 mL). To this refluxing reection mixture AIBN (tota
80 mg) was added in the smdl lots of 20 mg over a period of 4 h. The reaction mixture
was dlowed to reflux under argon amosphere for 12 h. After completion of the
reection (TLC), the solvent was removed on rotary evgporator under reduced pressure,
The crude reaction mixture was andyzed by 'H NMR and purified by flash column
chromatography (Silicagd, petroleum ether/ethyl acetete; 75:25).
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Preparation of 6-(tert. Butyl)-8-(4¢methoxyphenyl)-2, 2a, 8, 8a-tetrahydro-1H-
chromeno[3, 2-b]azet-2-one4.14a

The b-actam 4.08a (0480 g, 1mmoal) on treatment with BwSnH (053 mL, 2
mmol) in the presence of AIBN (totd 0164 g, 1 mmal) furnished b-lactam 4.14a
(0.241 g, 60%) as awhite, crystdline solid.

M.P. . 163-164°C.

IR (cm™) : 1512, 1751, 016.

'H NMR : d 375 (s 3H), 378 (s 3H), 480 (dd, J = 15, 49 Hz, 1H),
485 (d, J = 15 Hz, 1H), 537 (d, J = 49 Hz, 1H), 6675
(m, 12H).

“CNMR . 5248, 5522, 5544, 5775, 7644, 7669, 7695 7934,

11451, 11492, 11864, 11889, 12371, 129339, 130.26,
130.32, 152.24, 156.71, 161.60.

MS[m/e (%)] 403 (M™+1, 3), 402 (M7, 16), 227 (99), 212 (25), 175 (95),
131 (100).

Microandyss © M. F. . GH2NOy,
Cdculated C:7163 H:551 N : 6.96
Obtained C:7145 H:526 N:6.70

Preparation of 6-(tert. Butyl)-8-(4¢methoxyanilino)-1-(49¢methoxyphenyl)-2, 2a, 8,
8a-tetrahydro-1H-chromeno[3, 2-b]azet2-one 4.14b
The b-actam 4.08b (0530 g, Immal) on trestment with BSH (053 mL, 2

mmol) in the presence of AIBN (totd 0.164 g, 1 mmol) furnished b-lactam 4.14b

(0.284 g, 62%) asagum.

IR (cm™) : 1750, 2985, 3055.

H NMR : d 12 (s 9H), 378 (s 3H), 382 (s 3H), 480 (dd, J =15,
49 Hz, 1H), 484 (d, J = 15 Hz, 1H), 541 (d, J = 49 Hz,
1H), 6.60-7.45 (m, 11H).

13 NMR . 3101, 3399, 5321, 5547, 5740, 7914, 11447, 11487,
11813, 11860, 127.33, 11745, 12047, 14654, 14984,
156,66, 161.99.

MS[m/e (%)] . 459 (5), 458 (18), 283 (100), 268 (75), 187 (35), 157 (25),

134(30).



Preparation of 4.12b & 4.13.

The bactam 4.100 (0534 g, 1Immol) on trestment with BusSH (053 mL, 2
mmol) in the presence of AIBN (totd 0.164 g, 1 mmol) furnished a mixture of b-
lactams 4.12b & 4.13b (0.274 g, 60%). The diastereomers were separated by flash
column chromatography to get the nonpolar diadereomer 4.12b and  polar
diastereomer 4.13b. The spectrd and andytica properties of the diasereomers are

given beow:
The nonpolar diastereomer 4.12b wasisolated asail.

IR (cm™) : 1512, 1751, 2962, 3016.

'H NMR : d 123 (s 9H), 1.30 (d, J = 6.3 Hz, 3H), 3.75 (s 3H), 405 (q,
J = 63 Hz, 1H), 390 (bs 1H), 475 (dd, J = 15, 49 Hz,
1H),542(d, J= 49 Hz, 1H), 667.5 (m, 12H).

BCNMR . 2532, 2939, 3113, 3396, 5171, 5513, 5562, 6045, 79.11,
11415, 11796, 11815 12410, 12644, 12687, 12714,
12852, 129,70, 114.63, 145.79, 14951, 156.19, 161.82.

[a] s : -398 (c 1.86, CHC).
MS[m/e (%)] : 456 (2), 281 (100), 266 (40), 187 (40), 175 (40), 162 (55),
105 (42).

The polar diastereomer 4.13b wasisolated asoil.

IR (cm?) : 1512, 1751, 2962, 3016,

'H NMR : d 125 (s 9H), 145 (d, J = 69 Hz, 3H), 375 (s 3H), 405 (q,
J = 69 Hz, 3H), 412 (bs 1H), 476 (dd, J = 15, 54 Hz,
1H), 541 (d, J = 54 Hz, 1H), 665-680 (m, 3H), 6.90-7.10
(m, 3H), 7.20-7.60 (m, 6H).

BC NMR . 2046, 2372, 2944, 3110, 3397, 5149, 5518, 5571, 57.36,
7890, 11413, 11804, 12647, 12650, 12655 12854,
129,63, 144.38, 146.19, 149,69, 156.21, 162.34.

[a]"s © +101.26° (¢ 1.43, CHC).

MS[m/e (%)] . 457 (2), 456 (5), 281 (100), 266 (50), 187 (36), 175 (40), 162
(45), 105 (55).
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Chapter V

Tandem Radical Cyclization : Diastereoselective
Synthesis of [3.6.6.7.4] Ring System

There are only two ways to live your life. One is as though nothing is a miracle. The
other is asthough everything isa miracle.
Albert Einstein



51 :Introduction

With the ddinedtion of factors affecting the nature of chemicad reactions,
tandem resctions have become ubiguitous in naure. Tandem reactions®? dso cdled
domino, sequentid, consecutive, cascade, iterdtive, zipper reections link severd
trandformetions together in a dngle synthetic pathway. Typicdly, an initid reaction
produces an intermediste that undergoes further trandformations with drategicaly
podtioned reective centers in the same molecule, with other compounds in the reaction
mixture, or with additiondly introduced after the initid trandormetion tekes place
The incressed gpplicability and widespread acceptance of these reections is due to the
increesed  synthetic  efficiency by decreesing the number of laboratory operations
required and the quantiies of chemicds and solvents used. Furthermore, they
frequently permit access to unique chemicd dructures and occasondly result in
grester regio as well as stereosdlectivity.

Among tandem reections the radicad reections have become prevdent in
organic  synthesis® The radicals are routindy generated from reedily availeble halides
(bromo, iodo, chloro ec), nitro, phenylthio, phenylsdenyl compounds by the use of n
BusStH with a radicd initigtor (i.e, AIBN) in aomaic solvents Additiondly, redox
procedures involving Mn (III) or Sm (Il) can be employed to initite tandem radicd
process.

The wide goplications of the tandem cydization are manly exploited in the
totd synthess of multicydlic targets. The use of properly subdtituted redicd centers
and the appropriately located radica traps ae effective in converting an degantly
synchronized molecular system into biologicaly ussful products.

Tandem radicd cydlisgion of ayl radicds has been aplied in the formd
synthesis of racemic morphine (Scheme 1)

Scheme 1

MeO MeO. Me

: ; N Me N-BuSnH Li/NH3
Bi —_—
A T ABN, PhH, Heat @ N—Ts EBUOH, THE O N—Me
SPh ™ 1g 35% | _7&c, 10 min
Me 85%
HO HO HO



137

In an intereting reaction, Parsons e. d. used tandem radicd cydisdion
approach for the total synthesis of lysergic acid derivatives (Scheme 2).°

Scheme 2
Icone CngMe

Br || N = HN

n-BusSnH

AIBN, PhMe, heat

N 48% !
| I H
CO,Me OTBDMS CO,Me OTBDMS

Among the recent reports, there is an interesting example of 5-exo-trig-7-endo-
trig type of tandem radical cydiization (Scheme3).°

Scheme 3
\ \ $
P o T ST
0\ o 0
OR EtO OR EtO OR EtO

The gpplication of tandem radicd cydisaion to the b-lactam chemistry are
limited. Use of tandem radicd cydization in the congruction of multicydic b-lactam
derivatives is not anong very popular routes.

Recently Alcaide e. d. reported the use of enyne-2-azetidinones in the
sereosdective synthess of fused bicycdic b-lactams In an intereting result, the
benzyl radicd was trapped by enyne triple bond, used as a radica acceptor, with the
formation of 5-membered ring. However, it was not possble to quench the initidly
formed gdanyl radicd, with the use of N-dlyl double bond as a second redicd trep.
Thus, the sysem couldn’'t be functiondised as an efficient radicd machinery towards
tandem radiical cydlization (Scheme 4).

Scheme 4

Ph Ph Ph

r ~—SnBu3

/ —SnBu3 R
O? H 7 Q . 3 not possible
- BuaSnH/ABN  H | T
i ——

L benzene / heat I
O// N\R O/ N




5.2 : Present Work

The exceptiondly high efficdency of 6-exo heptenyl radica cydlisation in case
of carane subdtituted b-lactams (Chapter 11l & V) led us to think of the posshility of
tandem radica cydisdion. Involvement of one more radicd trgp in the exising
sysem, dther in the form of vinyl or propargyl subdituent ateched to the nitrogen of
the b-lactam gives the rignt kind of molecula system ided for tandem radicd
cydlisgtion. This chapter deds with the synthess of radicd cascade suitable for tandem
radicd cydisation. The dudies regarding behavior of these sysems under tandem
radicd cydisation conditions and subsequent formation of multicydic ring sysems
using them, is aso presented in this chapter.

5.3 :  Reaults & Discusson

Preparation of Imine 5.01

Propargyl amine and cinnamddehyde were dirred in dichloromethane in the
presence of anhydrous MgSO4 for 4 hours to furnish the corresponding imine 5.01
quantitatively (Scheme 5).

Scheme 5
'\ HZN/\%/ NN
P 0 o creds pr Y N
rt, 4h 5.01

Preparation of 5.02

The acd chloride 4.03a wes added to the irred mixture of imine 5.01, and
EtsN in dichloromethane a 0°C over a period of 30 min. The usud ketene-imine
cycloaddition reection afforded the racemic cis b-lactam 5.02 in excdlent yidd (85%)
(Scheme 6).



Scheme 6

/ (0]
\ | EtaN/CH2Cly H
+ — 5
Cl
N

4.03a 5.01 (*)-5.02

The IR of 5.02 showed a pesk around 1750 cni', typicd for b-lactam amide.
The *H NMR showed a dd a 4.70, with coupling constant J = 49 & 9.3 Hz, which
beonged to the b-lactam proton H4. The other b-lactam proton H-3 gppeared a 4.9 as
a doublet with coupling condant J = 4.9 Hz. A high coupling condant indicated a cis
b-lactam. The termind propargylic proton resonated as a triplet & 230 (J = 25 H2).
The methylene CH, protons from the propargylic group were diagterectopic and they
gppeared as two pesks a 3.85 (dd, J = 25, 18 Hz) and 4.35 (dd, J = 25, 18 Hz). The
protons atached to the styryl double bond resonated a 6.4 (dd, J = 9, 16 Hz) and 680
(d, J = 16 H2z), confirming the presence of trans double bonded sysem. The aromatic
protons appeared between 7.0to 7.75.
Attempted Radical Cyclisation of 5.02

The blactan 5.02 was subjected to the typicd conditions of redicad
cydisgion. The mixture of tin hydride and AIBN were added by syringe pump over 4
hours to the refluxing solution of b-actam in benzene (Scheme 7). However, no
reaction was observed even after prolonged heeting (24 h).

Scheme 7
o
Bu3SnH / AIBN H H
Benzene / heat 7—N

\

(B-5.02
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This was confirmed by *H NMR spectrum of the reaction mixture, which
showed the dyryl as wdl as the propargyl protons in the respected region. The
aomatic proton pattern was dso Smilar to that of the darting materid indicating the

presence of bromide.

Synthesis of N-Vinyl Radical Cascades

The falure to cydize 5.02 led us to think of desgning a new radicd sysem
with proper subgtituents. The failure of the reaction may not be due to ring Sze, as 6 -
6 tandem ring cydization is entropicaly favored type of cydizaion. The other obvious
reeson may be the dran developed in the sysem, which mekes the totd system
enageticdly unfavorable. The rigidity of the aromatic ring, to which the bromine is
atached was ds0 one of the possible reasons.

To drcumvent this problem we decided to use diphaic bromide in place of
aomatic bromide. Also we decided to use N-vinyl in place of N-propargylic group as
asecond radicd trap.

Preparation of Imine 5.05

The N-vinyl imine deivative 5.05 was prepared by usng a reported procedure
(Georg e. d)® The imine 5.04, prepared by usng cnnmddehyde and N,N'-
dimethylethylenediamine, was further trested with iodomethane in acetonitrile to
prepare the quatenary ammonium sdt of the imine The imine sdt on further
treatment with NaH in DMF yielded the product as N-vinyl imine 5.05 (Scheme 8).

Scheme 8
Me " .
HzN\/\N' Me i) CHzl, acetonitrile
(5.09 Me AN 12 h A
AN _— VA N \Me AN N
Ph © MgSO, CHoClp P iii) NaH, DMF Ph
rt, 1h 5.04 00C-100C 5.05
12h

Synthesisof b-Lactams 5.06a & 5.07a

The imine 5.05 on trestment with the carane bromo acid chloride 1.12a in the
presence of triethylamine furnished a diastereomeric mixture of b-lactams in 45%
yidd (Scheme 9).



141

H 0" o H oM o
EtsN/ CH oCl> y 4 1
1.12a+5.05W +

10 = Br N : '‘Br N
JEO I L

/

Ph Ph

5.06a 5.07a

The H NMR spectrum of the crude product showed moderate
diagtereosdctivity (60:40) in the b-lactam ring formation. The purification of crude
reection mixture by flash column chromatography could not separae  the

diastereromers.

The IR spectrum of diastereomeric mixture of 5.06a & 5.07a showed a pesk at
1757 cm’, typicd of b-lactan amide carbonyl. The 'H NMR spectrum showed b-
lactam pesks as multiplets between 4.48-462 and doubletls a 500 and 505
repectivdly. The termind vinylic protons gppeared as multiplets between 4.40-4.85
region. The vinylic proton atached to the nitrogen resonaied between 6.60 and 6.80 as
a multiplet. The styryl protons were seen as a dd a 6.35 = 9, 16 Hz) and multiplet
between 6.60 and 6.80 respectivdy. The aromdic protons resonated as multiplets in
theregion 7.2t0 7.5.

The3C NMR showed pesks a proper positions.

The Radical Cyclisation of 5.06a & 5.07a

Initidly benzene was used as a solvent and the refluxing solution of the
disseromeric mixture of b-lactams 5.08a & 5.09a was reacted with BwSH in
presence of cat. AIBN. The reection was over within 2 hours (TLC). The product was
separated from the tin impurities by using flash column chromatogrgphy (Scheme 10).

Scheme 10

BuzSnH / cat. AIBN

5.06a+ 5.07a >
benzene reflux
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The 'H NMR showed that the column-purified product was a diastereomeric
mixture, from which the nonpolar diasereomer 5.09a could be obtaned in the pure
form by a flash column chromatogrephy. The IR spectrum of 5.09a showed a pesk at
1750 o, typicd of b-lactam carbonyl group. A molecular ion pesk a 352 was
obsarved in the mass spectrum.

'H NMR (Fig. 1) showed absence of pesks
rdlaed to the syryl double bond in the region from 6.0
to 6.6 indicating that it was not reduced but a cyclized / It £ e
product. The b-lactam proton H-7a agppeared as a _,l_.j.ld" i 'L__:
triplet & 3.7 0 = 4.7, 9.0 Hz) while the other b-lactam ; G n 3 E
proton, H-2a, resonated as a doublet a 4.85 (J = 54
Hz). A high coupling congant clearly indicaed a cis

Fig. 1. *H NMR of 5.09a

b- lactam ring being present. The diastereotopic

Protons from the benzyl group were seen as two pesks
in the form of dd a 285 J = 9, 14 Hz) & 295 ( = 6,
14 Hz). The additiond peeks & 445 (d, = 94 Hz) &
46 (d, J = 16 Hz) could be asigned to the termind
vinylic protons. The N-CH= protons from the vinylic 5.09a

portion gppeared asadd a 6.20 (J= 9, 16 Hz). The

patern of benzylic protons as well as the presence of vinylic pesks clearly indicated
the formaion of tetracydic ring sysem by smple radicd cydisaion and not by
tandem cydisation.

In another experiment toluene was used as a solvent, and AIBN was added in
gndl portions over a period of time In this case dso the product obtained was found
to be identicd with the benzene experiment (formed by 6-exo-heptenyl cydisation)
and no tandem cydlised product could be observed.

It is wel known fact that Nvinylic double bond is not a good radica acceptor.
The falure of the above sysem to undergo tandem radicd cydisaion could be due to
the inefficiency of N-vinylic double bond to act as a second radicd trgp. This
prompted us to think of replacing vinylic group by some efficent radicd scavenger,
that could trgp the benzylic radicad formed dfter the firgd cydisation. A b-lactam
derivaive with N-dlyl group as a radicd acceptor, was a promisng candidate in this
regard. But attempts to prepare such kind of radicd system on practicd scale proved
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unsuccessful. This led us to think about the synthess of b-actam derivatiive with N-
propargyl group asaradca acceptor.

Synthess of of b-Lactam Derivatives with N-Propargyl as a Radical Acceptor

The falure to synthesse N-dlyl b-lactams led us to think of N-propargylic
derivatives as a potentid candidate. Alcaide’ etd. have reported the synthesis of
enyne b-lactams and they have effectivdy used N-subgtituted acetylenic centre as an
efficent radica progenitor. Compared to the dlefinic double bond, enyne triple bond is
a less dficient radicd trap. Never the less it has been used in the synthess of
multicydlic natural products.

Synthesis of Enyneb-Lactam Using Carane Bromo Acid

The N-propargyl subdtituted b-lactam was synthesised by usng Alcade's
procedure.” The imine 5.01 was condensed with the acid chloride 1.12a in the presence
of Et3N used as a base After overnight stirring and usud work up, the crude product

wes obtaned as a gummy liquid in 48% vyidd. The column-purified materid was a
diastereomeric mixture (60:40, confirmed by *H NMR) (Scheme 11).

Scheme 11

H : 0% o H o o
/

. _ Et3N / CH2Cl
1.12a+ 5.01a 42“00” _ ) | + _ i
H Brll & H Bj H
Ph Vi Ph Y 4

5.10a 5.11a

The Rf vadues of the diastereomes were very dose (TLC), dill, the polar
diastereomer 5.10a oould be isoaed in the pure form by flash column
chromatography, in around 20% yield.

The IR of 5.10a showed dsrong pesk a 1755 omi® dearly indicating the
presence of b-lactam amide catonyl. The 'H NMR of 5.10a showed a typicd
spectrum (Fig. 2).

Two cydopropyl methine protons H-1¢ and H-6¢ gppeared as a multiplet
between 0.50-0.85. The carane methylene protons a C-2¢ & C5¢ gave multilplets in
the region 1.25- 250. The gem dimethyls a C-7¢ gppeared as two singlets a 0.97 &
100. The methyl & C-3¢ resonated as a snglet, a 1.30. The proton H-4¢ gppeared at
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404 asadd, with J = 92 & 105 Hz The b-actam proton H3 appeared a 5.04 as a
doublet (J= 4.4 Hz) while H-4, appeared a 445 asadd, with J= 44 & 9.5

e

S S i
L L - IPEC
25040 2000 1000

Fig. 2. 'H NMR (5.10a, 500 MHz)

Hz. Agan a high coupling congtant indicated a cis b-lactam. The two protons Ha-1d%
& Hb-1@ were gppreciably diasterectopic and gppeared as two dd, a 369 (J = 29,
175 Hz) & 420 (J = 22, 175 Hz). The termind propargylic proton H36E appeared as
a triplet with a coupling condant J = 22 Hz. The syryl proton H-2& appeared as a

doublet while H-1¢gppeared asadd with J=

The ®C NMR (Fig. 3) was dw
satisfactory. The three-methylene
cabons C-2¢ C5¢ & C1a were
present at 29.3, 31.8 & 321. C4 & G
4¢ were present a 60.3 & 618 The
tertiary carbon C-3¢was present at 72.5,
the acetylenic carbons C-2at & G3d¢
gopeared a 77.8 & 78.0. The aromatic
carbons and the styryl carbons appeared
in the region 124-136. The amide
carbonyl carbon appeared at 167.1.

95& 16 Hz.

& @8 w8 0 3] £l

Fig. 3.¥C NMR of 5.10a.

To delermine the connectivity among adjacent protons and to establish the two
dimensond dructure of the radicd system, COSY NMR spectrum of 5.10a was

recorded.



145

“J L) ol e )
.
e V: _rﬁ g

; S
™ 1 ¥ [ T
:: 'I"'
— F
=1 . N .
— ] 1
-— é ]
k4

Fig. 4. COSY NMR spectrum of 5.10a (selected region shown).
Table 1. Important connectivitiesin the COSY NMR of 5.10a

Proton d (ppm) J(H2) “H-"H
connectivity

H-3 504 (d) 44 H-4

H-4 4.45 (dd) 44,88 H-3, H-14¢
H-14t 6.38 (dd) 95,16 H-2¢; H-4
H-24t 6.70 (d) 16 H-16¢
Ha-1d1t 3.69 (dd) 29,175  Hb-lda H-36
Hb-1e  4.29 (dd) 22,175 Ha-le H-3at
H- 36t 2.25(t) 22 Ha- 168 H blds
H-4¢ 4,04 (dd) 92,105  Hb-56; Ha-56¢

From the COSY NMR, the connectivity among the cycopropyl methine and
the methylene protons a C-2¢ & C-5¢ was edtablished. This further confirmed the
postions of axid and equatorid protonsa C-2¢& C-54
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The spaid coupling among different protons was confirmed from the NOESY
spectrum of 5.10a (Fig. 5). The ovedl spaid connectivity picture of the molecule is

JLU | Al )L;LALM_ :_

Fig. 6. The spatid correlation among protons as observed in the NOESY of 5.10a.

The dbsolute configuration a the b-lactam protons was decided from the
compaison of the 'H NMR daa of 5.10a, with series of andogous derivatives
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(Chapter |, Section B). From the above corrdation, the absolute stereochemistry of
5.10a was assigned to be R, 4S a the b-lactam ring centres.

Radical Cyclisation of 5.10a & 5.11a

The diagtereromeric mixture of 5.10a & 5.11a was subjected to the optimized
conditions of radicd cydisaion. The refluxing mixture of 5.10a & 5.11a in benzene
was treated with BusSnH in the presence of cataytic AIBN. There was no reaction
(TLC & 'H NMR of the crude reaction mixture).

In another experiment toluene was used as a solvent. The refluxing solution of
the diastereomeric mixture (5.10a & 5.11a) in toluene was reacted with a mixture of
BusSnH and catdytic AIBN by dow addition with syringe pump, over a period of 4
hours, under high dilution conditions (10 mL/5h). The reaction was over within 5
hours (TLC). The crude materid was purified by flash @umn chromatography, where

by tin impurites could be removed eesly. The columnpurified mixture of 5.12a &
5.13a was obtained in around 47% yidd (Scheme 12).

Scheme 12

BuzSnH / cat. AIBN |

toluene reflux
(syringe pump)

5.10a+ 5.11a

The IR spectrum of the product showed a characteristic b-lactam carbonyl pesk
a 175 om®. The *H NMR spectrum showed absence of any pesks corresponding to
the syryl double bond in the region from 6.0-6.60, dearly negaing the posshility of
reduction. Absence of pesks corresponding to the propargylic unit, pointed towards the
fact that propargylic unit is dso involved in the cydisation. The 'H NMR of the
diagtereomeric mixture of 5.12a & 5.13a was complicated and showed presence of two
products, dongwith a negligible amount of some uncharecterised Sde product. After
repesated column chromatography it was possible to get a pure diastereomeric mixture.
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In another experiment, the single diastereomer 5.10a was subjected to the
amilar conditions of radicd cydisation (syringe pump technique). The reaction was
over within 5 h (Scheme 13).

Scheme 13

BuzSnH / cat. AIBN
toluene reflux
(syringe pump)

5.10a

'H NMR spectrum of the crude reaction mixture showed formation of only one
product.

The Structure Elucidation of 5.12a & 5.13a

In the course of tandem cydisgtion, there were two ways the cydization could
take place. It could be ether 6exo-6exo mode to give 3.6.6.4.6 type fused ring system;
B, or it could be 6exo-7endo annulation to give 3.6.6.4.7 type of fused system, 5.12a.

6 exo-7 endo 6 exo-6 exo

The possibility of formation of B was ruled out on the basis of *°C NMR of the
product. The dructure B should have an additiond termind olefinic methylene group,
therefore, 4 methylene carbons are expected in *C NMR spectrum of this compound.
However, the decoupled C NMR spectrum showed presence of only peeks
corresponding to the 3 CH, groups. This led to he posshility of dructure 5.12a for the
tandem cydlized product.



149

il
i l || w ar 1

v, ! L ;
B/ T, S o ) O

T T T T T TTeY TSP P TeTorTe LR TR TR TR TR TR R
™ ] 1 = i i iE BN B ¢ R e i T

Fig. 7. '"H NMR of 5.12a

The 'H NMR (Fig. 7) spectrum showed
two dnglets & 0.79 & 092 tha could be
accounted for the two gemdimehyl
protons & C-5. The mehyl group a C-8

was seen & 1.38 as a snglet. Rest of the

carane ring protons appeared between - 0.1-
2.2. Thering junction proton, H-17 5122

resonated as a ddd, with J =10, 10, 10 Hz. The benzylic proton H-16 gppeared a 3.35
as a broad doublet with J = 10 Hz. The b-lactam proton H1 resonated at 3.60, as a dd,
with J = 44 & 96 Hz The two gemind protons a C-13 gopeared & 390 (ddd, J =
13,60 & 18 Hz) & 435 (J = 27, 54 & 18 Hz). The other b-lactam proton H10 was
sen a 485 as a dd, with J = 1.2 & 4.4 Hz The oldfinic protons H-14 & H-15
reonaed as two multiplets, in the region of 5.30-5.70. The aromatic protons gppeared
intheregion 7.0.7.65 as multiplets.

The exact pogtions of different protons and the 2-dimensond dructure of
5.12a were further confirmed from the COSY NMR spectroscopy. (It was not possible
to isolate enough amounts of pure diastereomers 5.12a & 5.13a. However, a
diagereomeric mixture with 5.12a mgor (5.12a/5.13a : 90/10) and 5.13a mgor
(5.12a/5.13a : 20:80) could be obtained from flash column chromatography, and was
used for dl gpeciad NMR experiments).
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Fig. 8. COSY NMR of 5.12a (smdl amount of 5.13a aso present)

Table2. Connectivities among adjacent protons deduced from COSY NMR of 5.13a

No. d ppm. Proton Multiplicty Couding 1H-1H (COSsY)
No. congant J (H2)

1 -0.1-:01 Ha-3 m - Hb-3, H-4, H-2
2. 0.150.30 H-4 m - H-6, Ha-3, Hb-3
3 0405 H-6 m - H-4, Ha-7, Hb-7
4, 0.9 Hb-3 m - Ha-3, H-4

5. 0.95-1.15 Ha-7 m - H-6, Hb-7

6. 115125 H-2 m - Ha H-17

7. 175 Hb-7 m - H-6, Ha-7

8. 21 H-17 dad 10,10, 10 H-2, H-16, H-1
9. 335 H-16 dd 2,104 H-15, H-17

10. 3.60 H-1 dd 42,94 H-10, H-17

11 3.90 Ha13 dad 28,55,18 Hb-13, H-14, H-15
12 4.35 Hb-13 dad 12,6,18 Ha-13, H-14, H-10
13 4.85 H-10 dd 12,41 Hb-13, H-1

14. 535545 H-14 m - Hb-13, H-15
15. 5555.70 H-15 dd 28,13 H-14, H-16

16. 7.0-7.65 Am. m - -
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Fig. 9. HETCOSY NMR spectrum of 5.12a.

Table3. Important HETCOSY corrdaions for 5.12a

No. dppm.  Proton Carbon d pom

(H) No.  connectivity ©)
1 0101 Ha3 C3 24.1
2. 015030 H4 C-4 213
3. 0405 H6 C6 187
4 09 Hb-3 C3 24.1
5. 095115 Ha7 7 317
6. 115125 H-2 C2 44
7 175  Hb7 C7 317 5123
8 21 H-17 C17 16 From the COSY & HET-
. 335 H-16 C-16 542 | COSY NMR of 5.12a, it was
10. 3.60 H-1 1 550 | posible o asign dl the
11 390  Hal3 C13 40.2 _
12 435  Hb13  CI3 402 | protons and the corresponding
13 485 H-10 C-10 740 |cabons for the cydized
14, 535545 H-14 C-14 U87 | yodit 5123 A trans
15, 555570 H-15 C15 135.1
16. 70765 Am. - - relationship between H-17 and

rex of the adjacent protons were confirmed. Particularly informetive was, a very high
coupling congant among H17 and the adjacent protons i. e H-1, H6 & H2 (J = 10,
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10, 10 H2). To edablish the sructure unambiguoudy, NOESY spectrum of 5.12a was
recorded (Fig. 10).

Fig. 10. NOESY specturm of 5.12a.

The NOESY NMR gpectrum of
512a wes importait in the
determination of dructure.  Absence
of any gpaid connectivity among H-
17 ad b-lactam protons H-1 & H-10
indicated that H-17 is b oriented. A
drong interaction among benzylic
proton H16 with H-2 & H1 could be

Fig. 11 Spaid corrdations of protons

possible only when the H-16is a observed in the NOESY  spectrum of 5.12a.

oriented. Particularly noticesble was a drong interaction among H-17 & H-3, which
confirmed H-17 to be b. Thus the &bsolute corfiguration a the newly formed
asymmetric centers C-16 & C-17 was 16R & 17S. The assigned conformation was
again condgent with the normd trend, as cydisaion genedly favors a trandtion date
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in which the blactam plane and the bulkier groups are away from each other. The
stereochemistry of cydisation is generally governed by G-4 center of the azetidinone.”
Structure Elucidation of 5.13a

The dructure determination of 5.13a was carried out usng spectra data of the
~80:20 diastereomeric mixture of 5.13a & 5.12a.

Fig. 12 *H NMR spectrum of 5.13a (with small amount of 5.12a).
In *H NMR spectrum, the three methyl
goups @& C8 & C-5 appeared as three
gnglels & 095, 10 & 110. The caane
ring protons were sen as  multiplets
between 02 to 25. A multiplet in the
region between 34 to 36 coud be
accounted for H-16 & H-1. Thetwo

5.13a

diastereotopic protons a G13 gppeared as a multiplet between 3.80-4.0 & a doublet at
45. Other b-lactam proton, H-10 gopeared as a broad doublet a 4.80. The olefinic
protons H-14 & H-15 appeared as two doublets & 545 & 5.6. The aromdic protons
gppeared as multipletsin theregion 7.0-7.7. To decide the connectivity among
adjacent protons and to establish the molecular backbone of the compound, a COSY
NMR spectrum of 5.13a (Fig. 12) was recorded.
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Fig. 13. Sdected region of COSY NMR,5.13a.
Table4. COSY NMR specird data of b-lactam 5.13a
No. d pom Proton No. Multiplicity Coupling 1H-1H (COSY)
congant J (H2)

1 0.250.35 H-4 m - Ha3, Hb-3, H-6
2. 0.35-0.45 H-6 m - H-4, Ha-7, Hb-7
3 0508 H-6 m - H-4, Ha-7, Hb-7
4, 1112 Ha-3 m - Ha-3, H-4
5. 12-125 Ha-7 m - Hb-6, H-6
6. 15165 Hb-7 m - Ha-7, H-6
7. 1.70-1.80 Hb-3 m - Ha-3, H-4
8. 225 H-17 odd 22,37,44 H-2, H-16, H-1
10. 385 Ha-13 d 195 Hb-13, H-14
1 450 Hb-13 dd 28,195 Ha-13, H-14
12 4.70 H-10 d 44 H-1
13 54 H-14 add 126,18 Ha-13, H-14, H-10
14 56 H-16 dd 12,41 Hb-14, H-16 (w)
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The structure for 5.13a was assigned based on the *H NMR, °C NMR & COSY NMR
spectrd  andyss The asdgned dructure for 5.13a was further  confirmed
unambiguoudy from its NOESY spectrd data (Fig. 13).

M

S Y

J'JHJMAJ&L*_“,@*H"‘»'JM‘U.&H«T _

LI ] 1

| S

Fig. 14. NOESY NMR of 5.13a.

The NOESY NMR spaid coupling
paten was highly decisve Among the
important 9gnals, the benzylic proton H-
16 & b-lactam proton H-1 gppeared a
35. A caeful identification of protons
and their interaction pattern suggested 513

CH3

that a srong interaction of H-1 with axid proton Ha3. The benzylic proton H-16 hes
interaction with Hb-3. The arométic protons of phenyl group & C16 interact with H2,
Hb-3 & H-17. This observation drongly suggested that the b’ orientation for H-16 and
equatorid dispogtion of phenyl group in the dructure. A drong interaction among H-
17 and methyl & C-8 confirmed ‘a’ orientation of H-17. Based on this NOE spectrd
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andyss the rdative <ereochemisry was assigned for 5.13a and the absolute
sereochemistry of newly formed centers was established as 16S,17S.

Mechanism of Tandem Radical Cyclisation

Mechanidticaly the tandem radicd cydisation is bdieved to be a sepwise one.
The radicd obtaned from the cyclisation of the fird sequence generates a second
radica, which undergoes further quenching by a second radica trgp. On the smilar
line, in case of the above cydisation the secondary radica generated from bromine is
quenched by the syryl double bond in a typicd 6-exo trig cydistion mode To avoid
the interactions in the form of 1, 3 angle drain, with the b-lactam plane, the styryl
double bond is oriented in such a way that the bulkier phenyl group remans opposte
to the plane of the b-lactam ring. The benzylic radicd thus formed acts as a second

generaion radicd, which is trgpped by the propargyl triple bond.

In case of 5.12a, the benzylic radicd (A) prefers to atack the termind triple
bond of the propargylic sysem from bottom of the triple bond, as benzylic group is @’
oriented as shown in Scheme 14.

The dructure A in which the phenyl group and propargylic group are away
from each other and will have minimum geric interactions. Since Ph is a the gpex of a
7 membered trangtion sae, a conformation in which Ph occupies eguatorid postion.
Therefore, a low energy trandtion state (A) will leed to the forméetion of tandem
cydized product 5.12a.

In case of 5.13a, benzylic group is b’ oriented and benzylic radicd will attack
from the top of the propagylic triple bond (Scheme 15). A TSB, accounts for
enagdicdly favorable conformation, in which the ‘Ph’ group and propargylic triple
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bond are avay from eech other s0 as to avoid the deric interactions. Similarly, in this
case d0 the tandem cydization will lead to the formation of 5.13a as the only isolable
product.

Sheme 15

54 . Summary

The N-inyl b-lactan deivaive with bromo caane subgituent was
gynthesized in good yidd with low diastereosdectivity. The system faled to undergo
tandem radicd cydisation 0 as to give [36.645] or [36.64.6 type of multicydic
ring sysem, ingead, a tetracydic [3.6.6.4] ring sysem was effected. The carane
deived N-propargyl b-lactam was syntheszed in good yidd. When trested with
BusShH in refluxing toluene it underwent tandem radica cydisgtion to dford a
pentecyclic ring sysem. The 6 exo trig — 7 endo dig cydisaion thus effected was
highly diagtereosdective and the sructure of the mulicydic product was determined
by combined use of 'H NMR, COSY, NOESY, HETCOSY spectra data.



55 . Experimental

Preparation of 5.01

A solution of E-dnnamddenyde (1.32 9,10 mmol), propargylamine (055 g, 10
mma) in CHCl; (10 mmol) was dirred overnight a room temperature over MgSO..
The MgSO, wes then filtered off and washed with an additiond CH O, (15 mL). The
resulting solution of imine 5.01 was cooled under argon and used as such for further
reaction.

Preparation of 5.02

To the cooled solution of imne 5.01 and EtsN (4.16 mL, 30 mmoal) in CHXCl2
(15 mL), a solution of acid chloride 4.03a (3.375 g, 15 mmoal) in CHxCl2 (15 mL) was
added over %2 h a 0°C. The rexulting mixture was dirred overnight a room
temperature. After completion of the reaction (TLC), the reaction mixture was further
diluted with CHzC2 (20 mL), and washed successvely with sad. NaHCOs (2 x 10
mL), water (2 x 10 mL) and findly brine (10 mL). The organic layer was dried over
Na,SO, and concentrated to furnish 5.02 (90%, 393 @), which was purified by
cryddlization from pet ether/dichloromethane to get a white solid.

M. P. : 106°C.
IR (cm?) . 1757
IH NMR . 125(s 9H), 230 (t, J= 25Hz),380(dd, J= 24, 176 Hz.

1H), 435 (dd, J= 24, 176 Hz, 1H), 47 (dd, J= 4.9, 88
Hz, 1H), 5.4 (d, J= 49Hz, 1H), 64 (dd, J= 88, 16.1 Hz,
1H), 7.057.60 (m, 5H).

Preparation of 5.04

To a <olution of cdnnamddehyde (8 mL, 64 mmo) & N¢Nedimethyl-
ethylenediamine (139 mL, 127 mmol) in anhydrous eher (150 mlL), was added
anhydrous MgSO, (4 g). The mixture was girred & room temperature for about 1 h.
After completion of the reaction (*H NMR of crude reaction mixture), the mixture was
filtered to remove MgSO, The resdue was rinsed with ether (3 x 15 mL) & the
combined ethered sdution was concentrated under reduced pressure to provide a
crude ail, which was didilled (95100 °C, 15 torr) to gat 5.04 & a light ydlow ail.
The spectrd and andytica data for which was compared with the authentic sample.



Preparation of 5.05

A olution of 5.04 (91 g, 45 mma) and iodomethane (96 mmol) in CHCN
(200 mL)was dirred a 25 °C for about ¥2 h. The precipitated quarternary ammonium
st wes filtered, washed with dry ether and then dissolved in DMF (200 mL). NaH
(272 g, 113 mL) was then added to the reaction mixture in severd portions. After 12 h
a 010 °C the reaction mixture was quenched with ice water. It was extracted with
ethyl ether (3 x 150 mL) and the combined organic phase was washed with water (5 x
50 mL), dried over MgSO, and concentrated to get imine 5.05, which was used as such
without further purification in the next sep.

Preparation of (3R, 4S, BS 3R, 4R, 6IR) & (3S, 4R, XS 3R, 4R, 6R) 3[4¢
bromo-3¢7¢7¢trimethyl-)-bicycl o[4.1.0]hept- 3¢yl oxy]-4-] 2¢&-phenyl-(E)- 1¢¢-ethenyl] -
1-vinyl-2-azetanone 5.06 & 5.07

A lution of add chloride 1.12a (0617 g, 2 mmal) in CH,Cl, (15 mL) was
added drop-wise to a dirred solution of 5.05 (0157 g, 1 mma) and Et3N (0.84 g, 6
mmoal) in CHCl2 (20 mL) a 0°C, over a period of %2 h. The reaction mixture was
dlowed to warm up to room temperature and dirred further 12 h. It was then diluted
with CHxCl; (20 mL), and washed successvely with sad. NaHCO3 (2 x 10 mL), water
(2 x 20 mL) and findly brine (10 mL). The organic layer was dried over Na;SO, and
concentrated to furnish crude product, which was purified by flash column
chromatography usng pet ether/ethyl acetate to get diastereomeric mixture of 5.06a &
5.07a (0.257 g, 60%) as an ail.

[a]®s : -3592° (c 2.11, CHCly.
IR (cm™) © 1506, 1541, 1757, 3018,
H NMR :d 055-0.85 (m, 2H), 0.88, 0.94, 096 & 098 (4s totd 6H),

131 & 140 (2s, totd 3H), 13025 (m, 4H), 394.1 (m,
1H), 44 (d, J = 89 Hz, 1H), 45458 (m, 1H), 465 (d, J =
159 Hz, 1H), 5.02 & 510 (d, J= 50 Hz & d, J = 512 Hz
respect. Totdl 1H), 621 & 6.6.31 (dd, J = 88 & 16 Hz for
both, total 1H), 6.60-6.75 (M, 2H), 7.227.6 (m, 5H).
MS[m/z (%)] : 216 (26), 158 (30), 135 (59), 115 (100), 93 (90), 91 (51),
79 (32).
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Preparation of 5.08a & 5.09a

BusSnH (040 mL, 15 mmol) was added (5 min) to a refluxing solution of
digereomeric mixture of b-lactams 5.06a & 5.07a (429 mg, 1 mmal) and AIBN (16
mg, 0.1 mmol) in benzene (10 mL). The reaction mixture was further dlowed to reflux
for %2 h. After compleion of the reection (TLC) the solvent was removed on rotary
evaporator under reduced pressure. The crude reaction mixture was andyzed by H
NMR and purified by flash column chromatography (Slica gd, petroleum ether / ethyl
acetete ratio 92:10) to get a diastereomeric mixture of cydized products 5.08a & 5.09a
(211 mg, 60%). One of the diastereomers 5.08a could be sparated by using flash
chromatography.

Thedata for the diastereomer 5.08a

[a] s : -7.8% (c25, CHCly).
IR (crmit) : 1635, 1757, 2867, 2933, 3016,
'H NMR :d 059 to 0.80 (m, 2H), 0.88, 0.94, 0.96, 0.98 (4s, total 6H),

131 & 140 (2s totd 3H), 140146 (m, 1H), 224242
(m, 3H), 394-4.04 (m, 1H), 440 (d, J = 90 Hz, 1H), 448
460 (m, 1H), 461 (d, J = 16 Hz, 1H), 502 & 510 (d, J =
50 Hz & d, J = 51 Hz, totd 1H), 621 & 6.31 (dd, J = 88
& 158 Hz for both, totd 1H), 658685 (m, 2H), 7.275
(m, 5H).

m/e (%) 216 (26), 158 (30), 135 (59), 115 (100), 93 (90), 91 (51),
79 (32).

Preparation of 5.10a & 5.11a

To the dirred solution of imine 5.01 (0169 g, 1 mmol) & EN (084 ml, 6
mmal) in CHCl, (15 mL) was added acid chloride 1.12a (0617 g, 2 mmal) in CH.Cl,
(15 mL) a O°C over % h. The reaction mixture was dlowed to gir further, a room
temperature, for 12 h. After completion of the reection (TLC) the resction mixture was
diluted with CH,Cl, (15 mL) and extracted with satd. NaHCO; (2 x 10 mL), water (2 x
10 mL) and findly brine (10 mL). The organic layer was dried over Na,SO, and
concentrated to furnish a crude product, which was purified by flash column
chromatography (pet ether / ethyl acetate mixtures) to get 5.10a & 5.11a (0.257 g,
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60%) as a gum. One of the diastereomers, 5.10a, was obtained in pure the form by
flash column chromatogrephy of the diastereomeric mixture. The spectral & andytica
datafor 5.10a is given beow.

(3R, 4S, 16S, AR, 4R, 64R) 3{4¢-bromo-3,7,7-trimethylbicyclo(4.1.0)hept 3¢yl oxy]-4-
[2¢¢ phenyl-(E)- 166 ethenyl]- 1-(2¢48- pr opynyl )-azetan-2-one 5.10a

Obtained asagum.

[a] s © -17.75° (c 0.7, CHOD).

IR (cm™) : 1759, 2939, 3303,

'H NMR : d 055070 (m, 1H), 0.70-0.85 (m, 1H), 0.95 (s, 3H), 1.00

(s 3H), 1.30-1.50 (m, 1H), 2.30 (s, 1H), 2.252.50 (m, 3H),
370 (dd, J= 24, 17.6 Hz, 1H), 3.954.20 (m, 1H), 430
(dd,J= 24, 17.6 Hz, 1H), 445 (dd, J = 44, 88 Hz, 1H),
505 (d, J= 49 Hz, 1H), 64 (dd, J= 9.3, 16.1 Hz, 1H),
6.70(d, J= 15.6 Hz), 7.20-7.60 (m, 5H).

BCNMR :  d157,177,180, 193,195,196, 21.8, 285,293, 321,
32.3,60.3, 61.8, 725, 77.8, 780, 124.0, 1269, 1278,
1282, 1287, 1363, 1364, 167.1.

m/e (%) © 226(43), 198(30), 135 (66), 115 (100), 93 (90), 94 (65), 66
(30).

Microandyss . M.F. GHoBrNO,.
Cdculated C:6516 H:6.38 N:317
Obtained C:. 6487 H:6.15 N: 295

Preparation of (1S, 2R, 4R, 6S, 8R, 10R, 16R, 17S) 5,5,8trimethyl-16-phenyl-9-oxa-
12-azapentacyclo[8.6.1.07% 0*©0'*heptadec-14-en-11-one 5.12a

A touene solution (10 mL) of BwSH (040 mL, 15 mmol) contaning
AIBN (30 mg, 0.18 mmol) was added by syringe pump over a period of 5 h, to the
refluxing solution of b-lactam 5.10a (441 mg, 1 mmoal) in toluene (20 mL). After the
addition is over, agan AIBN (10 mg, 0.06) in toluene (5 mL) was added and the
reection mixture was further refluxed for 1 h. After completion of the reaction (TLC)
the solvent was removed on rotary evgporator under reduced pressure. The crude
reecion mixture was andyzed by H NMR and purified by flash column
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chromatography (Silica gd, petroleum eher / ethyl acetate ratio 75 : 25), when the
product was isolated (145 mg, 44%) asagum.

[a] D5
IR (cm?)
'H NMR

BCNMR

m/e (%)

Microandyss

+21.93 (c 0.31, CHCly).

170.

d -01-01 (m, 1H), 015030 (m, 1H), 04 —05 (m, 1H),
0.79 (s 3H), 09 (d, 1H), 092 (s 3H), 0.95-115 (m, 1H),
115125 (m, 1H), 1.33 (s 3H), 175 (dd, J = 7.5, 143 Hz,
1H), 21 (dd, J = 100, 100, 100 Hz, 1H), 335 (bd, J =
100 Hz, 1H), 360 (dd, J = 44, 9.6 Hz, 1H), 390 (broad
dd, J = 60, 180 Hz, 1H), 435 (dd, J = 18 Hz, 1H), 485
(dd, J = 1.0, 44 Hz, 1H), 535545 (m, 1H), 555-5.70 (m,
1H), 7.0-7.65 (m, 5H).

d 184,187,211, 21.3, 24.1, 280, 29.7, 317, 44.0, 46.0,

490, 54.2,550, 74.9, 77.8, 118.7, 126.8, 127.5, 1280,

1287, 1351, 144.2, 166.0.

191 (16), 105 (30), 95(100), 93 (80), 91 (68), 77 (32), 57

(48), 55 (42).
M.F. CgH33NOs3,
Cdculaed C:7791 H:771 N:325

Obtained C:7768 H:784 N : 347
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Chapter VI

Stereoselective Synthesis of cis-b-Lactams

Using Glucose Derived Chiral Aldehyde

via Asymmetric Staudinger Reaction

Finally, one that is very apropos to us chemists.

And as diamonds ere their season,
All is coal beforeit's light.
J. Marti
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6.1 :Introduction

Saudinger reaction (ketene-imine cycdoaddition reection), is the most
dtractive and widdy used method in b-actam ring condruction. The asymmetric
veson of this reaction involves the use of ether chrid imines or chird ketenes as
chird components in introducdng asymmetry in the b-lactam ring condruction (for
references see chapter 1). Among the chird imines, the possble combination can be
chird ddehyde and achird amine or chird amine and achird ddehyde.

The chird imnes derived from chird ddehydes and achird amines are the
mos effective for introducing asymmetry in the asymmelric Staudinger reection.
Gengdly, these imines give veary high levd of diastereosdectivity in the cydoaddition
reection. Among the useful chird imines, the N,O protected ddimines are the most
efficient ones (Scheme 1).

Scheme 1

Boc\)( BOC\A(
N N
oo

o} PANCH,COCL, EtsN  — PhN o}
I 780~ =
R L CH,Cl,, -7806= r.t. 20h L

o
RL=H,Ph

The most common gpproaches in the Staudinger reaction involve the use of a.-
oxya dehydes-derived imines, sugar derived iminesand a,b-epoxyimines(Chart 1).

OMe
OR1

| n
RN OR2

In these cases genedly the formaion of cis-b-lactams was observed and cis-
diastereomers were usudly obtained in ratios higher than 90:10.

Recently, Panunzio and coworkers have reported a case of trans-
dereosdectivity preference. The method involves the reaction of phthaimidoacetyl

chloride with  N-trimethylslyl imines and trimethylamine under  toluene  reflux
conditions (Scheme 2).2
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Scheme 2
OTIPS
OTIPS H H OTIPS . H I;I
PhNCH,COCI, EtgN T~ N T
NSiMe; tolueng, reflux : H 20 ~—NH & NH

40%, de 85:15
TIPS SPr3

Accarding to the proposed mechaniam the cydoeddition dep involved (fig. 1)
intermediate likein Hg. 1.

H

H ()\L]:/R
PhtN% D

SiMeg

Fig. 1.
Carbohydrate derived chiral auxiliaries

Cabohydrates and related polyhydroxy compounds have aitracted condderable
dtention and increesing interet as a chird dating maerids in the exchird pool
synthesis of chird drugs and naurd products® Though carbohydrates contain upto
five dereochemicd centers with lots of dereochemicd information, they ae a the
same time “ovefunctiondised” by them to be successfully applicable as
dereodifferentiating groups.

The use of carbohydrates in the asymmetric synthess of b-lactams is now wdl
known. It is Bose & Manhas?®?*® who successfully introduced the use of chird imines
derived from cabohydrates in the asymmetric Staudinger reaction. They syntheszed
different chird auxiliaries derived from sugas and succesfully employed them as
chird imine components The chird imines proved to be extremdy efficent and
dways a very high level of diastereosdectivity (de > 90%) was obtained. They manly
used it as chird synthon rather then chird pool, and utilized the carbohydraie skeleton
in the synthess of important naturd products. A single cis-diastereomer was obtained,
on reection of carbohydrate based chird imine with methoxyketene (Scheme 3). On
further synthetic transformations this isomer was converted into 6-epi-lincosamine®
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Scheme 3

Smilaly, the cydoaddition reation of benzyloxyketene with the imine
proceeded under complete control of diagtereosdectivity to give a cis-b-lactam. On
further chemicd tranformations it was possble to synthesze (-)-polyoxamic add, a
enantiomer of the component of the antifungal polyoxin antibiotic (Scheme 4).’

Scheme 4

OH
OH

NH, OH

Recently Stortz et. d. have reported the use of D-erythrose derived imines in
the synthesis of 2,3-dideoxy-D-maronoic acid derivatives (Scheme 5) 8

Scheme 5
MsO MsOL | o 2 F5C HNH b 3"
\C OBn SO, OBN 3 \ﬂ/ : OH
M+ [9B" — » —>
OBn —» O OH
¢ OBn 7—N_ ~s—N
o o) PMP o) ~—R

PMP R =COOH or PO 3H2
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Mechanism
The extremdy high diastereosdectivity obtained with the chird ddehydes is

intriguing. Attempts are made to rdiondize the origin of such a high levd of
asymmetric induction usng theory of molecular mechanics. In the dmilar dudies
Pdomo and coworkers have examined the agpects of highly dereosdective
cydoaddtion of N-protected ddehyde to the ketene components a the molecular
mechanics levd (fig 2). The AM1 cdculated trandtion daes in the formeion of cis-

(R, 49 ad ds(3R 49)-4-[(S)-1-aminoethyl]-3-methoxyazetidin-2-ones  are  quite

decisive.

TS
DH;=-6.6 Kca/mal DH;=-8.0 Kcal/mol

R CH30
R2: CH3
R3: H
o HOH
R2
/ NR3
o)
(3R, 49 (3S, 4R)
minor product major product

Fig. 2.

In cae of TS, there is an angular arrangement between C3 and the exocydlic C-X
bond, while lineer arangement exists between the same aoms in TS, So there is a
deric interaction between the methyl group (R) and the b-lactam ring. Such kind of
interaction is absent in the case of TS, As a result, there is effective HOMO-s*
Sabilization and the product obtained is mgor one.
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6.2 : Present Work

The use of carbohydrate derived chird auxiliaries in the asymmetric synthesis
of b-lactams is now wel esablished. The literature reports indicated that the use of
sugar derived chird adehydes is dso popular one. Surprisngly, the use of D-glucose
derived ddehyde, as chird imine precursor is not wel exploited. This prompted us to
think about the use of D-glucose as a chird auxiliary. The present chapter deds with
the synthess and dructure determination of cds-b-lactams usng D-glucose derived
chird ddehyde.

6.3 : Reaults & discussion

Synthesis of 6.01

D-Glucose was trandormed into ddehyde 6.04 in few synthetic steps. Acetone
lution of D-Glucose was girred with ZnCl / HzPO, to prepare the diacetonide 6.01
(Scheme 6).

Scheme 6

H O O
OH

| —

o o
OH ZnCly, HgPOy BnCl, KOH, 150°C

Acetone
OH (6] (0]

OH Oﬁ/ O.
(D)-Glucose 6.01 6.02

HO
H

O
tl OBn HO— OBn
0 NalO4 aq. MeOH O
-
0o o}
6.04 6.03

The benzyl protection of the diacetonide 6.01 was effected, by heeting it with BnCl at
150°C, in the presence of KOH as a base. The diacetonide was sdectively deprotected
to glycd 6.03 by tredting 6.02 with 75% ag. acetic acid. The glycol 6.03 on oxidative
ceavage with NaQy resulted in the formation of adehyde 6.04 in good yidd.
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Synthesis of imine 6.06

The andogous imines 6.06a-c were synthesized by the reaction of adehyde
6.04 with amines 6.05a-c in the presence of MgSO 4 (Scheme 7).

Scheme 7
RrR1
I
H N
° OBn OBn
— RINH MgSOy 0O
) —a 2 5
+ 5 052 (a-c) dry CHxClo
.05a-c (0]
O%/ rt, 4-12 hrs. OQ‘/
6.04 6.06a-c
Rl = PMP
&R a, Rl = PMP
b, R1=Ph b, Rl = Ph
¢, RlL=Bn ’ -
c, Rl =Bn

Synthesis of 6.08a-d
The chird imines 6.06a-c, when treated with acid chlorides 6.07a-c in the

presence of trigthylaming, reected smoothly to furnish the b-lactams 6.08a-d
sereospecificaly asasinglecis diastereomer in good yidd (Scheme 8).

Scheme 8
r1
|
RO "N OBn RO
) Et3N, dry CH 2Cl»
+ -
c rt, 15 hrs.
6.07a-c 6.06a-c 6.08a-d
a,R=Ph a,R1=PmP a,R1=PMP, R =Ph
b, R=Ac b,R1=Ph b,R1=Bn,R=Ph
c,Rl=Bn c,R1l=Ph,R=Ac

d,R1=furfuryl, R = Ac
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Table 1: Synthess of 6.08a-d from 6.06a-c

Compound no. R R? Diastereosd ectivity Yidd
6.08a Ph PMP 100% 70
6.08b Ph Bn " 69
6.08c Ac Ph " 72
6.08d Ac Furfuryl » 65

The chemicd yidds of the cydoaddition reaction were moderate to good and
diastereosdectivity was excdlent. The 'H NMR showed presence of only one
diastereomer. The compounds were eedly purified by flash column chromatography or
by fractiond crystlization.

The b-lactan 6.08a was sdected for detaled discusson regarding  the
preparation and structurd assgnment, which is presented below:

Synthesis of 6.08a

The imine 6.06a on trestment with phenoxyacetyl chloride in the presence of
trithylamine underwent ketene-imine cydoaddition reaction to give b-lactam 6.08a in
70% vyidd. The NMR of the crude reection mixture showed presence of peeks

corresponding to only one diasereomer. The crude product was purified by column
chromatography to get a <olid, which was further purified by cryddlization from
dichiromethane/methanol (Scheme 9).

Scheme 9

PMF|>
N OBn PhO™ ~COCI PhO\_
0 6.07a
Et3N, dry CH2Cl2
0 rt, 15 hrs.

6.06a 6.08a
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The ayddlized product was a white solid with m.p. 148°C. The IR of 6.08a
showed pesk a 1749 om’, typicd of b-lactan amide carbonyl. The mass spectrum
showed presence of molecular ion pesk a 517 (5%).

'H NMR showed two singlets at 1.34 & 1.54

bdonging to two methyl groups of acetonide The N OA/
OMe of PMP group resonated as a singlet a 3.78. H H He eaf Oz
PhOG - A% a
One of the diagtereotopic protons from the benzyl O\'3 e s
group resonated as a doublet @ 4.3 with coupling O/QN\
PMP

congant 11.7 Hz. One of the ring Protons of the
sugar skeleton, H-64a appeared at 4.45 as adoublet

with coupling congant J = 3.0 Hz. The dgnds due to b-lactam proton H4, the other
ring protons H5¢ H-6¢ and one of the benzylic protons appeared as a merged multiplet
in the region of 454.8. The other b-lactam proton H3, gopeared & 5.31 as a doublet
with coupling condant 54 Hz. A high ooupling condant indicatled a dis
dereochemigry among b-lactam ring protons. The H-3@& was seen downfidd a 6.08,
with coupling condant J = 3.9 Hz. The aromatic protons were seen as multiplets in the
region of 6.80-7.70.

In the C-NMR of 6.08a, the dimethyl acetonide pesks a C-2¢ appeared at
2629 & 26.83. The b-lactan cabon & C-4 & the OMe from the PMP moiety
gopeared a 5540 & 58.47. The rest of the carbons of the chird backbone as well as
the b-lactam i. e CG6¢ G6, C-5¢ G3 & O-CH,-Ph cabon gppeared a 71.95, 79.14,
81.38,81.86 & 83.14.

X-ray crystallographic analysis of 6.08a

To determine the absolute dereochemistry of 6.08a, a sngle crystd X-ray
andyds of 6.08a was caried out. Suitable Crydds for X-ray andyds were obtained
by crygdlization of 6.08a from dichloromethane/methand solvent sysem (Fig. 1).



172

Fig. 3. ORTEP diagram of the crystds of 6.08a.

The important X-ray data for 6.08a is as follows.

a=97300(10) A, b=13598(3) A,c=2059 (3 A,a =9, b= g=°,
V = 27254 8) A% z2=4 raw= 1261 Mg ni®, wR2 = 01235, R1 = 00575, T = 293
() K, GOF = 1.233,

The daa were collected on Enaiuf Nonius CAD-4 sngle caydd X-ray
diffractometer usng Cu-Ka radigion (I = 154060 A) and w2g scanh mode to a q
range of 3.89 to 59.82°. The structure was solved by direct postiond and anisotropic
therma parameters for non hydrogen atom converged to Rv = 01235 R1 = 0.0575 for
2314 unique obsarved reflections. Hydrogen aoms were geometricdly fixed and
confirmed by a difference Fourier which was hdd fixed duing the refinement. The
refinements were carried out using SHELEX-97*

The X-ray andyss further confirmed the assgned dructure to 6.08a The
absolute stereochemidry of newly formed b-lactam ring centers were assigned as 3§
4R based on the known absolute dereochemistry of sugar residue present in the
molecule. The ovedl absolute gereochemigry of b-lactam 6.08a was established as

3R R IR IR 65 6BR
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6.4 © Summary

Chird imines derived from D-glucose were usad effectively in the asymmetric
Staudinger rection. The corresponding b-lactams were obtained Stereogpecificdly as a
gngle cis diastereomers in good chemicd yidds The absolute stereochemistry of the
product was determined from the sSngle coysd X-—ray andyss of one of the
compounds
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6.5 . Experimental

Preparation of 6.01

To a dirred mixture of addehyde 6.01 (333 g, 12 mma), MgSO, ad
dichloromethane (40 mL), a solution of p-anigdine (123 g, 10 ml) in dichloromethane
(5 mL) was added a 0°C. The reaction mixture was then dlowed to gir a room
temperature for 5 h. After completion of the reaction (TLC), the reaction mixture was
filtered through sntered funnd to remove MgSO,. The filtrate on removd of solvent
a reduced pressure afforded imine 6.02 (345 g, 90%), as a pde ydlow liquid. This
crude imine was used as such without further purification in the next step.
Preparation of 4-(6¢-benzyloxymethyl-2¢,2¢-dimethylperhydrofuro[2, 3-d][1,3]dioxo
5¢y1)-1-(4¢¢ methoxyphenyl)-3-phenoxy-(3S, 4R)-azetan-2-one 6.03

To a dirred solution of imine 6.02 (0383 g, 1 mmal) and EtN (0.303 mL, 3
mmoal) in dry dichloromethane (15 mL), a solution of phenoxyacetyl chloride (0.255 g,
15 mmal) in dry dichloromethane (5 mL) wes added drop-wise a O°C over a period of
1 h. The reaction mixture was dlowed to warmup to room temperaure and girred
overnight. The reaction mixture was then diluted with dichloromethane (20 mL) and
washed successvely with water (25 mL), sat. NaHCOz (20 mL), brine (20 mL) and
dried over anhyd. N&SO, The solvent was removed under vacuum and resdue was
purified by cryddlizetion (pet ether/dichloromethane) to obtan 6.03 as a white
ayddline solid.

M.P. L 148°C

[a] s . -245° (c 185, CH,O).

IR (cm™) : 1514, 1749, 3018.

'H NMR © d1.34(s 3H), 154 (s 3H), 3.78 (s 3H), 43(d, J= 17Hz,

1H), 445 (d, J= 3.0 Hz, 1H), 45-4.8 (m, 4H), 5.31 (d, J=
54Hz, 1H), 6.08 (d, J= 39 Hz, 1H), 687 (d, J= 8 Hz, 2H),
6.9-741 (m, 10H), 7.7 (d, J= 8 Hz, 2H).

¥C NMR d 26.29, 26.83, 5540, 5847, 71.95, 79.14, 81.38, 81.86,
83.14, 104.96, 111.83, 11394, 11562, 119.79, 12241,
12757, 127.99, 12846, 129,62, 131.21, 137.12, 156,55,
157.39, 16344.
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517, (M*, 5), 518 (M*+1, 1), 519 (M*+2, 0.1), 430 (2), 149
(41), 134 (15), 91 (100), 77 (12).

M. F. GigH31NO;
Cdculated C: 7004 H:6.26 N : 263

Obtained C:69.85 H:6.01 N :249
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