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ABBREVIATIONS

Ac Acetyl

Bn Benzyl

CAN Ceric AmmoniumNitrate
DMAP N, N’ -Dimethylaminopyridine
DMP Dess Martin Periodinane
DCC Dicyclohexylcarbodiimide
DMF N,N’ Dimethylformamide

de Diasteromeric excess

DIPEA Diisopropylethylamine

dr Diasteromeric ratio

EtOAc Ethylacetate

LDA Lithium diisopropylamide
mCPBA m-Chlor oper benzoicacid
Me Methyl

MW Microwave

Pd/C Palladium (10%) adsorbed on carbon
PDC Pyridinium dichromate

Ph Phenyl

PNB p-Nitrobenzyl

PMP p-Methoxyphenyl

PPh3 Triphenyl phospine

PTC Phase transfer catalyst
PTSA p-Toluene sulfonic acid
RCM Ring closing metathesis

RT Roomtemperature

TBDMS Tertiarybutyl dimethyl silyl
TLC Thin layer chromatography
THF Tetrahydrofuran




10.

GENERAL REMARKS
All mdting points (recorded on a Themonik Campbdl mdting point

goparatus) are uncorrected and are recorded on the Cdsius scae.

IR spectra were recorded as nujol mull or chloroform, on a Perkin-Elmer
Infrared Spectrometer Model 599-B, Model 1600 FT-IR and ATl Mattson,
UK, Modd-RS-1 FT-IR, usng sodium chloride optics IR bands ae
expressed in frequency (cn?).

Proton NMR spectra were recorded using tetramethylslane as internd
reference on Bruker AC-200, Bruker MSL-300, Bruker DRX-500 and
Bruker AMX-500. Chemicd chifts were recorded in pats per million (d,
ppm). Abbreviations, viz., s = snglet, d = doublet, t = triplet, dd = doublet
of doublet, brs = broad singlet, br = broad peak, dt=doublet of triplet and m
= multiplet have been used to describe pectral datas CDCl; was used as the
solvent unless otherwise mentioned.

3C NMR spectra were recorded on Bruker MSL-300 and Bruker AC-200
ingtrument operating a 75.2 M Hz and 50.3 MHz respectively.

Bementd andyses (C, H, N) were obtaned on a Carlo-Erba 1100
autometic andyzer by Dr. S. Y. Kulkarni and hisgroup at NCL.

Opticd rotation was measured on a JASCO-181 digitd polarimeter usng
sodium line (5893 A). Concentration is expressed in gny100mL.

The progress of the reection was monitored by andyticd thin layer
chromatography  plates precosted with dlica gd 60 Fxy  (Merck).
Purificstion of the products was caried out by flash column
chromatogrgphy usng dlica gd obtaned from Meck (230-400 mesh,
9385 grade).

'H NMR & ®C NMR spectra of the compounds are atached at the end of
corresponding chapter.

Pet. ether refersto the petroleum fraction boiling between 60-80 °C.

El Mass spectra were recorded on a Finnigan Mat-1020 Spectrometer with
adirect inlet system.



Chapter 1 Sereoselective synthesis of b-lactams using chiral imines
derived from 1,2:5,6-diisopropylidenea-D -glucofuranose via
Staudinger reaction

Sericdly demanding ddimines were sdlected in order to probe the éfect of Steric
digpogtion on the sereosdectivity in the Staudinger reaction for the condruction of b-
Lactams We envisaged that the presence of the bulky isopropylidene group could give
the necessry deric requirements for facid discrimination and thus could give good
diagtereosdectivity in the Ketene imine cycdoaddition reaction. The chird ddehyde, 3-O-
dlyl (or 3-O-benzyl)-1,20O-isopropylidene-a-D-Xylo-pentadiddo-1, 4-furanose (4) was
prepared from reaedily avalable D-glucose in 4 geps. The imines (5) derived from this
ddehyde (4) when subjected to the Staudinger reaction with ketenes, derived from acid
chlorides, under went smooth cycloaddition reection to give cisb-lactams (6) in high
yidds with 100% diastereosdectivity (no trace of the other isomer could be detected,
from the 'H NMR spectrum of the crude reaction mixture). The cis stereochemistry was
acertained from the coupling congants (56 Hz) of the G3 and C-4 ring protons. The
abolute configuration of the b-lactam 6a was determined from sngle crystd X-RAY
andyss and wasfound to be &S and 4R.
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Chapter 2 Sereoselective Saudinger reaction for the synthesis of b-
Lactams using 1,2:5,6 diisopropylidene a-D -Allofuranose

This chepter deds with the effect of imines derived from D-dlose configuration
of sugar on diastereosdectivity in the Staudinger reaction. Hence D-glucose was
conveted to 1256 disopropylidene a-D-Allofuronose usng known protocol. The
ddehyde 3O Allyl-1, 2-O-isopropylidene a-D-Arabinopentadiddo- (1, 4) furanose was
syntheszed from D-Allose, which was then converted to the corresponding imines (12).
Thee imines (12) underwent (2+2) cycloaddition reection with ketenes generated from
acid chlorides, to form cis-b-lactams diastereospecificaly in good yields.

Scheme2
0 o o
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g > s )( > , )(
1 0 ¢
0 ho 7 HO 8

12 o Ar
z\ Ar  Arg
aPh PMP
b Ac PMP
C Me PMP
dpn o Aly
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Reagents and Conditions : a)Acetone, ZnCl, H,PO, b) PDC, CH,CI, c.) NaBH,, MeOH. d.)AllylBr, agNaOH,
TBAB, CH,Cl, 24hrs / BnCl, NaH, THF. €)0.8%H,SO,,MeOH,24hrs. f) NalO,adsorbed on silica gel,CH,Cl,.
g)ArNH,,, MgSO,,, CHCl, h)ArOCH,COCI, Et,N, CH,CI,, 0°-rt(15hrs).



Chapter 3  Transformations of b-lactams derived from D-glucose

Fused bicyclic dructura frameworks represent important substructures in many
naturd products and the efficent synthess of functiondized fused bicydic rings remains
an important god. With this god in mind we caried out various transformations on the
b-lactams derived from D-Glucose to offer key intermediates for the synthess of

polycydic b-Lactams.
Scheme-3a

0 15 PMP

Reagents and conditions: a) CAN,CH,CN, 0°C to rt; b) NaH,THF,BrCH,COOEt
c) PTSA, MeOH, reflux.

Scheme-3b

Reagents and conditions: a)KZCO& MeOHPd/C, MeOH, PTSA, reflux24hrs
c)Dessmartin Periodinane, CH,Cl,, rt; d) CAN, CH,CN,00 to rt
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Scheme-3c
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Chapter 4 Diastereoselective Saudinger reaction using imines derived
from3-Amino-3-Deoxy-1, 2:5,6-diisopropylidenea—D-gluco-
furanose

The aming 3amino-3deoxy-1, 2 5 6-disopropylidenea-D-glucofuranose (25) was

gynthesized from the reedily avalable D(+)glucose in 4 gteps. This amine was converted

into the Schiff's base @6) by the reaction of cinnamadehyde. This Schiff s base 6) on
annulation with ketene generated from phenoxyacetyl chloride in  presence of
triethylamine a 0°C afforded exdlusivdy cisb-Lactam (27) in good vidd as a sngle

diastereomer.

Scheme-4
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H,,MeOH,rt,3hrs d.)Ar'CHO,MgSO,CH,Cl,e.)ROCH,COCI, Et; N, CH,Cl, 15hrs



Chapter 5  Use of acid activators for the synthesis of b-lactams

The generation of ketenes can be achieved from suitable precursors in a variety of
ways, such as thermdly, photochemicdly, from metd carbenes, or from acid chlorides in
the presence of terttiary amines. Alternatively acid activating resgents can be used to
generate the ketenes from acids for the synthess of b-lactams via ketene-imine

cydoaddition reection.

Section A Sereoselective  synthesis of  b-Lactams  using
Trichloroacetonitrile- Triphenyl phosphine as acid activators

The annulation of imines with ketenes (generated in dStu from various subdtituted
acetic acids udng a combinatiion of trichloroacetonitrile and  triphenylphospine) provided
b-lactams. Thus, dropwise addition of a solution of trichloroacetonitrile in anhydrous
methylene chloride to a combingtion of the carboxylic add, and triphenylphospine in
anhydrous methylene chloride generated the acid chlorides. These acid chlorides formed
the ketenes in presence of triethylamine and reacted with the imines to provide
exdusvdy cis-b-lactamsin moderate to good yieds.

Scheme-5a
1
R Rt HRs
j\ i)Cl;CCN/PPh,,0°c,30min j;r
S~on R N
o) o) R2
u\ , Et3N,0°-rt, 12hrs 28@)
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PhO PMP Ph
PhO  PMP PMP
MeO PMP Ph
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PhO  m-Tolyl Styryl
PhthN PMP Styryl
MeO  PMP Styryl



Section B Hexachloroacetone-Triethyl phospite, a novel acid activator
in the stereocontrolled Staudinger reaction

This section deds with the use of combingtion of hexachloroacetone and
triethylphospite as acid activators in the Staudinger reaction. The acid chlorides were
generated in dtu from the corresponding acids by the drop-wise addition of a solution of
triethylphospite  in  anhydrous methylene  chloride & 0° C, in  presence  of
hexachloroacetone. The ketenes were then generated from these acid chlorides in
presence of triethylamine and reacted with various Schiff’'s bases to give corresponding
b-lactams. The cis stereochemistry was ascertained from 'H NMR  spectroscopy
(coupling congtants of 5-6 Hz for the C-3 and C-4 protons).

Scheme-5b

1

R re H H
j\ )Cl,CCOCCL/(EtO),P,0°,30 min ]:r
7 iR N,
o~ OH i o R3
y Et3N,03 -rt, 12hrs 29(a-i)
3

R1 R2 R3
PhO Ph PMP
PhO PMP  PMP
PhO Styryl  PMP
PhO PMP Ph
MeO Ph PMP
PhO Styryl Benzyl
PhthN  Styryl m-Tolyl

PhO Styryl  m-Tolyl

)

)pm% - Styryl PMP

Note: compound numbers in the synopsis are not related to the numbersin
the chapters.
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Chapter 1

Stereoselective synthesis of b-lactams using chiral imines

derived from 1,2:5,6-diisopropylidenea -D -glucofuranose

via Staudinger reaction.



1.1 . Abstract

This chapter deds with the diastereospecific synthess of b-lactams usng D-(+)-glucose
derived chird imines via Saudinger reaction. The dericdly demanding ddimines
underwent  dereospecific  [2+2]  cycloaddition reection  with ketenes to  provide
exdusvely sngle diasereomer of cis b-lactams. The cis stereochemistry was ascertained
from the coupling congants of the C-3 and C-4 ring protons (56 Hz). The X-ray
cayddlogrephic dudies of the b-lactam (1.7b) were delemined and the rddive
configuration at G3 and C-4 postions of the b-lactam were established from the known
absolute configuration of the sugar moiety and was found to be 3S and 4R.

1.2 :  Introduction

121 Background

The fascinating history of the b-lactam antibictics began in the late 1920°'s with
Sr Alexander Heming's hisoric discovery of the subgtance cgpable of destroying
pathogenic becteria This subgtance is produced in nature by the mould penicillin
notatum and aptly named Penidillin®. Fleming, Florey and Chain did pionesring work in
developing this ‘wonder drug and received the noble prize for medicine and physiology
on December 11, 1945.

The controversy surrounding this molecule raged on until  Prof.  Dorothy

Crowfoot-Hodgkins of Oxford Universty ducidaed the dructure by X-ray
crysdlography. Before Prof. Crowfoot-Hodgkin's magor contribution in 1945, few
chemigs had fath in the proposd thet a b-lactam ring dructure distinguish penicillin,
though condderable evidence has been accumulaed during the Anglo-American
penicillin project.
Until 1970 Penicillin and Cephdosporin were the only examples of naturdly occurring
b-lactam antibiotics The discovery of 7a-methoxycephaosporins from  Streptomyces in
1971 dimulated the search for nove antibiotics from microbes. At present b-Lactam
antibiotics can be classified into severd groups according to their structure (Chart-1.1).



% Penicillins (penams)

++  Cephdosporins (cephems)

¢ Cephamycins

« Oxacephems

% Penems

++  Oxapenams such as davulanic acids
¢ Carbapenemssuch asthienamycin
+ Nocadicns

** Monobactams

H H dd
Om N
COOH COOH
penicillin
cephalosporin
H
RCONHG =0 rconH i
>
]; le
(0]
COOH COOH
oxacepham
penem
RCONH
SCH,CH,NH, [; \/@
CO,H COOH
carbapenem nocardicin
Chart-1.1

1.2.2 Synthesis of b-lactams

The first b-lactam was synthesized by Staudinger and coworker€™ in 1907 via 2+2
cycloaddition reection of ketene and imine and this reaction is termed as the Staudinger
reection. Since the determination of the chemicd dructure of penicillin and the
identification of the b-lactam subunit as the key dructurd dement endowing these
compounds with life saving antibacterid activity, the ggnificance of this smdl ring
heterocycle to the fied of organic synthess was established. The discovery of other b-
lactam containing antibacterids served to lend further support to the need for efficient

methods of condruction of theb-lactam ring.

Me

(@]

RCONH s
N~
o R1
COOH
cephamycin
rO CH,OH
N\)_/
° COOH

clavulanic acid

RCONH
o/j ~SO,H
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1.2.3 Methods of b-lactam construction

The various gproaches to the synthesis of b-lactam ring can be dassfied into

1. Formation of the (N1-C2) bond

2. Formation of the (C2-C3) bond

3. Formation of the (C3-C4) bond

4. Formation of the (C4-N1) bond
1.2.3a Formation of the Amide (N1-C2) bond
Dehydration of b-amino acids leading to the synthess of azetidinones seem to be the
obvious gpproach, but in contrast to their gand d andogs b-amino acids normdly do not
cydize thermally® due to the high degree of ring strain of theb-lactam.

Scheme-1.1
z HH
:/<Sj< CeHy N=C=NC¢H,; R,NHmi 3 S{
—_—
R,NH [
N S—N—,
HOZC COR 74 2
2 (0]
CO,R,
Penidllin

Shechan and Hess®’ used DCC as a condensing agent in their landmark synthesis of
Penicillin (Scheme-1.1).

1.2.3b Formation of the (C2-C3) bond

In contrast to the amide bond formation, azetidinone ring formetion via C2-C3 bond
dodng is complicated by the inherent difficulty in forming carbon-carbon bond versus
an amide bond and hence is the lesst used method. A photochemical methodf has been

developed that leads to the formation of 4keto-b-lactams (Scheme-1.2).

Scheme-1.2
Q Ph
hv o
ph)kf > HO
N t-BUOH N
< o Ph
o)



1.2.3c Formation of the (C3-C4) bond

The formation of C3-C4 bond is as complicated as C2C3 as discussed earlier, because
of the necessty of a dereo sdective carbontcabon bond formation amids a multi
functiond aray. Bond formation a C3-C4 would involve the formaion of nudeophilic
center at C3 and an eectrophilic center a C4, or vice versa Sheehan and Bose reported
the firg example of such an intra molecular nucleophilic displacement reection. They
ued mdonae anions and hdides a nudeophilic and dectrophilic  components

respectively® (Scheme-1.3).

Scheme-1.3
CO,E COZE; .
PR - F
o ‘ph o Ph
1.2.3d Formation of the (C4-N1) bond

The synthess of b-lactam ring via formation of the C4-N1 bond is used in nature for the
biosynthesis of azetidinone containing antibiotics™. New methods for the synthesis of b-

lactam ring through the formation of C4N1 has been dominated by drategies involving
the intramolecular diplacement of a leaving group ateched to the C4 by gppropriady

activated nitrogen, N1 (Fig-1).

Fig-1
Miller and Rgendrd® have successfully redized the oxidaive cydization of olefinic
amides to b-lactams from oxygensubgtituted hydroxymates. The atenuated acidity of
the nitrogen in this functiondity provided essy access to a number of important

azetidinoneintermediiates (Scheme-1.4).



Scheme-1.4
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124 Multiple bond forming reactions

The mogt dgnificant synthetic approaches to the formation of the b-lactam ring involving
multiple bond forming reactions are the ketene-iimine cycloaddition reection (Staudinger
reaction) and the enolate-imine methodologies.

1.2.4a The Staudinger Reaction

Among the numerous methodologies for the synthess of b-lactams the annulations of the
ketenes with imines has proven to be a versatile procedure for the condruction of the b-
lactam ring (Scheme-1.5).

Scheme-1.5

R1

R2
| h R
+ |
| N N
o) N (@] R3

1.2.4b Enolate-imine condensation

Gilman and Speeter utilized the Reformatsky reaction of dkyl bromoacetates with
imines in presence of zinc for the congruction of the b-lactam skeleton (Scheme-1.6)
and obtained theb-lactam in good yidds.

Scheme-1.6
R R2
RW 1. Zn, diethylether j;(
— N
com  2RICH=AR S ‘.

Recently metd enolates have been utilized to obtain good sdectivities in b-lactam ring
condruction (Scheme-1.7).



Scheme-1.7
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1.2.5 Ketenes

The ketenes required for the Staudinger reection can be generated from suitable
precursors in avariety of ways such as thermaly, photo chemicdly from meta carbenes
or from acid chlorides and rdated derivatives in the presence of tetiay amines. An
dternate methodology involves the reection of subdituted acetic acids, imines and base
in the presence of an activaling agent. A brief discusson about acid activators is
presented in Chapter 5.

1.2.6 Imines

Imines derived from ddehydes and ketones were used in the Staudinger reaction. Imines
were often derived from cinnamadehyde, methyl glyoxdate, phenyl glyoxd, manddic
ddehyde, ec, 0 tha the C4 subdituent functiond group provides easy access for further
transformatiors.

1.2.7 Asymmetric Synthesis

The introduction of stereogenic centers into substituents on the imine carbon (RY), the
substituents on the imine nitrogen (R%), or the substituents on the ketene (R%) can induce
Sereosdectivity (Scheme-1.8).

Scheme-1.8
3 R
R3 . 1
> D) e N
N —N
(0] Cl \qz O/ \RZ
1.2.8 Chiral Ketenes

Over the past severd years the Staudinger reection has been extensvely developed by
usng a combnation of ether chird ketenes and achird imines or achird ketenes and
chird imines genedly providing good yidds with excdlent diastereosdectivity. One
example is the cydoaddition reaction of Evans-Sogren ketenes, generated from chird

24



oxazoidinyl acdd chlorides and trithylaming, with achird imines to form opticdly
active b-lactams with high levels of asymmetric induction, typicaly grester than 96% de
(Scheme-1.9).

Scheme-1.9

o

o_ .0 \f
R H
+ Triethylamine,CH,Cl, N £ R
N | - H’] = B
Ph j 0 NW

Cocl o}

T e

Ph
>96% de

Ikota in a series of papers has reported a highly stereosdecive b-lactam formation by

Ph

asymmetric  cyclo-condensation employing chird heterocydes deived from L-(+)
tartaric acid, (Syglutamic acid, and (Srserine as ketene precursors Scheme-1.10). Ikota
used these acids in presence of trifluoroacetic anhydride (the mixed anhydride method)
in the presence of abaseto achieve ahigh leve of diastereosdectivity.

Scheme-1.10
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CH,COOH 2.)Benzalaniline N
o

\

Ph
92-96% de

O

5 “~0OMOM \«"""OMOM /\ § S~ OMOM

1)(CF,C0),0,TEA,CH,CI,C O
CHZCOOH 2.)Benzalaniline /‘;r
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Cooper et. d used a norephedrine derived oxaezolidone as the chird ketene (Scheme-
1.11) and achieved >95% diastereosdectivity in the b-lactam formation
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1.2.9 Chiral imines

The asymmetric induction in the reaction of achird ketenes with chird imines has been
effected from imines derived from chird addehydes and achird amines and dso from
imines derived from chird amines and achird ddehydes. In the laiter case b-lactams are

often produced, if a &ll, with low levels of diastereosdlectivity %
Better diastereosdectivities are obtaned when imines derived from chird ddehydes are

used. The common gpproaches involve the use of a-oxyaddehydes derived imines, sugar-
ddehydes and a,b-epoxy imines (Chart-1.2). In al these cases the formation of cis-b-
lactams was reported with high diastereomeric ratio.

Chart-1.2
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Recently, Panunzio and coworkers® have reported preferentiad trans-sdectivity in b-
lactam ring formation usng phthdimidoacetyl chloride with N-trimethyldlyl-imines and
triethylamine under toluene reflux conditions (Scheme-1.12).
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Alternatively the use of N-Boc a-amino imines* with phthdimidoacetyl chloride and
triethylamine afforded the respective b-lactams as single diastereomers (Scheme-1.13).
Scheme-1.13

Bge
N PhthN
PhthNCH,COCI,Et,N

CH,CI, ,-78° C to rt, 20hrs

RN
R1 fe)

Smilarly, the reection of the Dane's sdt of glycine with chird imines in the presence of
phenyl  phosphorodichloridate® and  triethylamine gave the corresponding vinyl amino-b-
lactams in moderate yields. These compounds on trestment with PTSA furnished the 3
amino-b-lactamsin high yidds (Scheme-1.14).
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1.2.10 Mechanism

The mechanism of the Staudinger reection is complex and the stereo chemica course of
the reection is sometimes difficult to predict. The formation of ketenes occurs thermdly,
photo chemicdly, or from an acd chloride to form a zwitterionic intermediate.
Alternatively, the acid chloride acylates the imines, followed by the proton abdraction to
form a zwitterionic intermediate, which then undergoes [2+2] cydoaddition to form b-
lactams (Scheme-1.15).

Scheme-1.15
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1.2.11 Ketene-l mine Mechanism

From the kingtic dudies of ketene formetion from acid chloride and base and the
subsequent reection of this ketene with imine, it has been concluded that the azetidinones
arise completdy from the ketene intermediate and not via direct acylation of the imines
with the add chloride. Reaction between the add chloride and the imine in the absence
of base led to the formaion of a-chloroamide and no ketene could be detected

spectrophotometricaly.
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It has been postulated that the LUMO of the ketene carbonyl which is coplanar to the
bstituents of the ketene, is atacked by the imines in an orthogond approach, thus an
intermediate is generated in which the planes of the imine and enolate are perpendicular
to each other. It is further believed tha the attack of the imine occurs from the least
hindered sde (hydrogen or smdl subdituent) of the ketene, generating the zwitterionic
intermediate A. Conrotatory ring cdosure will then generaie the thermodynamicdly less
dable b-lactam in which the two hydrogens are cis to each other. In the case of the cydlic
imines, an orthogond approach between the two reectants will produce a zwitterionic
intermediate B, which on conrotaiory eectrocydization will generate the trans product
(Scheme-1.16)
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1.2.12 Asymmetric I nduction

The ketene can be approached by the imine either form the top face or bottom
face to produce two possble zwitterionic intermediates A’ and B! respectively
(Scheme-1.17). Before the conrotatory ring closure can take place, the intermediates A
ad B! have to undergo the 90 rotation aound C-N bond to produce two more
intermediates C! and D! respectively. The conrotatory ring closure of these intermediates
C! and DY, will produces dis-b-lactams and its enantiomer. This intermediates D! and

C! can dso be formed from Al and B! by rotaing through 270° around C-N bond.



According to the principle of least motion, the transformation of A* to C*and B'to D'is
favoured as this transformation needs only 90° rotation.

It has been pointed out by Hegedus e d. that the conrotatory ring dosure of
intermediate C' can only occur cdockwise® as the counterdlockwise ring closure would
necessitate that the hydrogen of the ketene and R! of the imine to pass through each
other. This is of importance for chird induction, because a counterclockwise rotation
would generate the enantiomeric b-lactam. The opposte is true for intermediate DY,

which can undergo only counterclockwise conrotatory ring closure.
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1.3 : Present Work

Earlier reports have dearly indicated that the use of homochird addehydes in mogt of the
cases resulted in complete sereo control in the Staudinger reaction. In the asymmetric
Staudinger reaction usng homochird adehydes, it has been podulated that a high leve
of diagereosdectivity is ataned only when a chird center is a to the imino-group,
paticularly if it is atached to a heteroatom such as oxygen or nitrogen. Hence we
decided to use dericdly hindered ddehydes derived from D-glucose, to study the
diastereosdlectivity in the asymmetric Staudinger resction.

1.4 . Results and discussions

D-Glucose when treated with acetone in presence of ZnCh, and ortho-phosporic acid
aforded the glucose diacetonide 1.2 in good yidd. The diacgtonide formation could in
principle lead to the formation of two products, the five-membered furanose and the $x-
membered pyranose. Formation of the former is favored because in the furanoid form,
ducose offers two uitable vicind diols for the condensaion and fudon of a five
membered acetd to a furanoid ring causes less drain than smilar fuson to a pyranoid
rng (Schemel.17). The b-forms can be eiminated due to the anti conformation of the
twohydroxyl groups. The acetonide formation is known to preferentidly leed to the
formation of the furanose form, with the anomeric hydroxyl in the a conformétion, the
pyranose form beng the less favored product under the given reaction conditions. The
required furanose form is recryddlized from cycohexane to get a white crystaline solid
meting a 109 °C. The diacetonide was characterized by 'H NMR and showed the
characterigtic peeks, 4 snglets in the region d 1.32 to 1.51 integrating for 12 protons of
the diacetonide. The other characteristic pesks are the two doublets a 4.60 (J = 3.7 H2)
and 591 (J = 3.7 Hz) corresponding to H-2 and H1 (anomeric proton) respectively. The
free hydroxyl was suitably protected usng benzyl and the dlyl protecting groups. The
sdective deprotection a C-5 and C-6 pogtion provided the pure glycd 1.4 ab, asthe
other acetonide group was more gable to the reaction conditions. The NalOs cleavage of
the gycds 1.4a-b provided the pure ddehydes 1.5ab in quanttaive yidds The
ddehydes 1.5a,b underwent imine formation with amines in methylene chloride in
presence of MgSO,. The imines 1.6a-e Were characterized by H NMR spectroscopy.



The *H NMR displayed a doublet a around 7.8 (J = 4.9 Hz) indicating the presence of
theimine.

The cydoaddition of various ketenes with the imines 1.6a-e provided the b-actams 1.7a
| s a dngle diasereomer in good yidds with excdusvey cis stereochemistry as
ascertained from the coupling constants (4.96 Hz) of the C-3 and C-4 protons in *H

NMR spectra of these compounds.
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1.4.1 Preparation of thealdehydel.5

The hydroxyl group of diacetone-D-glucose was sufficiently protected as the dlyl or the
benzyl ether 1.3 ab. These were then converted to the respective glycols 1.4 ab. The
ddehydes 1.5 ab were prepared from the glycols 1.4 ab in good yidds on trestment
with NalO4(Scheme-1.18) following reported™ > procedures.
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Reagents and conditions:a) ZnCl,,Acetone b) BnBr,NaH,DMF, AllyIBromide/agNaOH,
PTC c)aq HOAc or 0.8%H,SO, d)NalO, adsorbed on silica gel

1.4.2 Preparation of theimines 1.6 ae

The imines 1.6a-e were prepared by tregting the adehydes 1.5ab with various amines
(p-anigdine, benzyl aming, dly amine, aniling) in CH,Cl, a RT in presence of MgSO,4
(Scheme-1.19). After completion of the reaction (TLC), the reaction mixture was filtered
and the filtrate on concentration provided imines in quantitative yidds These imines
were used as such without purification.

Scheme-1.19
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1.4.3 Preparation of b-lactam 1.7ak

With the imines 1.6ae in hand, Sage was set for the synthesis of b-lactams 1.7a-k. The
b-lactams were synthesized by the reaction of imines with acid chlorides in presence of
triethylamine (Scheme-1.20).

Scheme-1.20
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With the imines 1.6 ae in hand sage was st for the preparaion of b-lactams. The
imines were found to be highly reective and provided the b-lactams 1.7 ak on trestment
with the respective acidchlorides in presence of trigthylaming, in good yidds. Only a
gngle diagereomer with cis stereosdectivity was obtained in dl the cases, as confirmed
from the'H NMR spectra of the crude compounds.

Table 1.  Synthess of b-lactams 1.7ak from the imines 1.6a-e via the Staudinger
resction.

b-lactams 1.7 | R Ar Arg Yidd (%)
ak

1.7a Bn Me PMP Is)
1.7b Bn Ph PMP Is)
1.7c Bn Ph Ph 71
1.7d Bn Ac Ph [
1.7e Bn Ph Bn A
1.7f Bn Ac Bn 70
1.79 Allyl Ph PMP IS
1.7h Allyl Ac PMP 0
1.7i Allyl Me PMP 7
1.7 Aliyl Ph Allyl 58]
1.7k Aliyl Ac Allyl 63




1.4.3a Preparation of b-lactam 1.7a

A solution of methoxyacelyl chloride in anhydrous methylene chloride was added to a
solution of the iminel.6a and triethylamine in methylene chloride a O °C under argon
amosphere (Scheme-1.21).
Scheme-1.21
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The resulting mixture was dlowed to warm up to RT and dirred for 15 hrs. After the
usud workup followed by column chromatography, the b-lactam 1.7a was isolated as ail
in 75% yidd. The IR spectrum of this compound showed a strong band a 174353 cm?,
indicating presence of the carbonyl group of b-lactam ring.

The *H NMR of the crude compound showed that it is a single diastereomer.

6.0 55 50 4.5

The twomethyl groups on the acetonide appeared a 1.32 and 146 as two sSnglets
integrating for 3 protons each. The methoxy group a the C-3 postion of the b-lactam
gopeared a 347. The methoxyl of the p-anisyl appeared a 3.78 as a snglet integrating

for 3 protons. The H3d (anomeric) proton of the sugar gppeared as a doublet a 6.05 (J
= 3.9 H2z). The b-actam H-3 proton gppeared a 4.75 (d, J = 4.9 Hz), while the H-4ring

proton gppeared as a dd a 4.64 (J = 4.9 Hz and 3.9 Hz). The H6'a proton of the sugar
gppeared as a doublet at 4.50 with a coupling condant J= 3.4 Hz.

In the C NMR spectrum of this compound, the b-lactam carbonyl carbon was appeared
a 164.90. The aromatic carbon bearing the methoxy group of the p-anisyl gopeared a
156.29, and the aromatic carbon atached to the nitrogen of the p-anisyl appeared a

H



137.34. The other aromaic carbons gopeared in the region 131.23 to 104.74. The
carbons of the sugar framework appeared at 82.59-81.18. The b-lactam carbons G3 and
C-4 gopeared a 8118 and 7175 respectivdly. The two-methoxy groups appeared &
58.75 and 5841. The two methyls of the acetonide gppeared & 2658 and 26.06. The
benzylic carbon was seen at 55.18. The other carbons resonated in the expected regions.

The mass spectrd andysis of this compound showed the molecular ion pesk a 455
(100%), which aso was the base peek.

1.4.3b Preparation of b-lactam 1.7b

A solution of phenoxyacetyl chloride in anhydrous methylene chloride was added to a
solution of the iminel.6a and trithylamine in methylene chloride a 0 °C under agon
amosphere. The resulting mixture was dlowed to warm up to RT and dirred for 15 hrs.
After the usud workup followed by column chromatography, the b-lactam 1.7a was
isolated as solid in 75% yidd (Scheme-1.22).

Scheme-1.22
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The 'H NMR of the crude reaction mixture showed the presence of peeks corresponding
to only one diastereomer. The crude product was purified by column chromatogrgphy to
ge¢ a id which was futher purfied by  oyddlizaion  from
dichloromethane/methanal.

The crysdlized product was a white solid, m. p. 148 °C. The IR of 1.7b showed
pesk a 1749 cm?, typicd of the b-lactam carbonyl stretching. *H NMR showed two
sngles a 1.34 & 1.54 bdonging to two methyl groups of acetonide. The OMe of the p-
anisyl group resonated as a snglet a 3.78. One of the diastereotopic protons from the
benzyl group resonated as doublet a 4.3 with coupling condant 11.7 Hz. One of the ring
Protons of the sugar skeleton, H-6a



gpeared & 445 as a doublet with coupling
congdant J = 3.0 Hz. The H-3 b-lactam proton
gopeaed a@ 531 a a doublet with coupling
condant 54 Hz. The sgnds due to H-4 b-lactam
proton, H-5, H-6 ring protons and one of the
benzylic protons gppeared as a merged multiplet in
the region of 4.54.8. A higher coupling constant

(5.4 Hz) indicated a cis dtereochemistry of b-lactam ring protons. The H3 a (anomeric)
proton was seen downfidd a 6.08, with coupling congant J = 3.9 Hz. The aromatic
protons were seen as multiplets in the region of 6.80-7.70.

Inthe *C-NMR of 1.7b, the methyls of the acetonide appeared at 26.29 & 26.83.
The G4 b-lactam carbon and the OMe of the panisyl moiety gopeared a 5540 & 58.47.
The rest of the carbons of the chird backbone as wdl as the b-lactam i. e. G5, G6, G
6d, C-3a8 and the methylene carbon of the O-CHzPh appeared a 71.95, 79.14, 81.38,

81.86 & 83.14 respectively. The mass spectrum showed presence of molecular ion pesk
a 517 (5%).

1.4.3c Preparation of b-lactam 1.7c

Following a dmilar procedure the b-lactam 1.7c was isolated in 71% from the reaction
between phenoacetyl chloride and theimine1.6b (Scheme-1.23).

Scheme-1.23
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The H NMR spectrum of crude product showed the presence of a single diastereomer.
This was then purified by column chromatography. In the IR spectrum of the compound
1.7c recorded in nujol, the carbonyl dretching typicd of b-lactam was observed as a
strong band at 1751.24 cmi™.
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The M NMR spectrum of 1.7c showed the acetonide pesks a 1.33 and 1.48 as two
snglets integrating for three protons each. The H-3 proton gppeared as a doublet a 5.29
(J = 54 Hz), while the H4 was seen a 4.74 as add (J = 5.3 Hz, 3.4 Hz). The anomeric
proton (H-3a) was observed a 6.05 as a doublet with a coupling constant 3.9 Hz. One of
the benzylic protons appeared a 4.26 as a doublet (J = 11.2 Hz). The doublet a 4.67 was
due to the H-6'a proton (J = 3.4 Hz). The H-6' proton came as a doublet a 4.60 (J= 35
Hz). The H-3'a (anomeric) proton gppeared downfidd a 6.05 as a doublet (J =3.9 Hz).
The aomatic protons came as multiplets in the region 6.98 to 7.76 integrating for 15
protons.

The BC NMR of this compound was recorded in DMSO-ds. The signd at 164.46 was
due to the b-lactam carbonyl carbon, the methyls of the acetonide gppeared a 26.12 and
26.76. All the other signds were in the expected regions and were in agreement with the
gructure of the compound.

The mass spectrd andysis of the compound showed the molecular ion peek a 487 (8%),
while the base pesk was seen a 91(100%). This compound provided saisfactory
elementd andyss.

1.4.3d Preparation of b-lactam 1.7d

Following a smilar procedure the b-lactam 1.7d was isolated in 72% from the reaction
between acetoxyacetyl chloride and the imine 1.6b (Scheme-1.24) in presence of
triethylamine.

The IR spectrum of the product showed a shap sgnd corresponding to the b-lactam
carbonyl stretching a 1766.67 cmit, while the acetate carbonyl was seen at 1735 cm®,



Scheme-1.24
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The cis dereochemistry of the b-lactamn was
confirmed from the coupling condants of the H-3
and H-4 protons (J = 59 Hz). The b-lactam H-3
proton appeared a 6.07 as a doublet (J = 59 H2),
while the H4 seen at 470 asadd (J = 5.9 Hz, 3.9
Hz). The H3d (anomeric) proton gppeared a 6.04
(J= 39 Hz) asadoublet. Dueto the

diastereotopic nature, the methylene protons of the benzylic group appeared as two sats
of doublets a 4.36 (J = 11 Hz) and 4.63 (J = 11.2 Hz). The other signds appeared a the
expected pogtions.

The BC NMR spectrum showed the b-lactam and the acetate carbonyl carbons at 162.35
and 168.27 regpectively. The other pesks gppeared at the expected values.

The mass spectrd andlysis of the compound showed the molecular ion pesk a 453 (M™)
and the base pesk a 91(100%). This compound showed satisfactory eementary andyss.
1.4.3e Preparation of b-lactam 1.7e

Following a smilar procedure the b-lactam 1.7e was isolated in 74% from the reaction
between phenoxyacetyl chloride and theimine 1.6¢ (Scheme-1.25).

The IR spectrum showed the carbonyl pesk typicd of the b-lactam a 1758.96. The H
NMR of this compound was recorded in CDClz and showed the presence of two singlets
a 132 ad 150 fo the mehyl protons of the  aceonide



Scheme-1.25
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A dd a 4.11 was due to the H5 proton (J = 4 Hz and 6 Hz). Due to the diagtereotopic
naure of the benzylic protons, they appeared as three sets of doublets a 4.22 (J = 14
Hz), 424 (J = 12 Hz), and 4.30 (J = 14 Hz). The fourth benzylic proton appeared as a
multiplet, which was merged with H4 and H6 protons a& 4.52 and integrated for a tota
of 3 protons. The H6a proton appeared as a doublet a 4.63 (J = 4 Hz). The H3 b-
lactam proton resonated a 5.16 as a doublet (J = 4.9 Hz). The anomeric proton (H-3'a)
was seen downfidd a 6.03 (J = 4 Hz). The aromatic ring protons gppeared as a multiplet
intheregion 6.90 to 7.49 integrating for atota of 15 protons.

The BC NMR of this compound showed the signds due to the gem dimethyl of the
acetonide a 25.88 and 26.43. The b-lactam G3 resonated down fidd a 71.20, while G4
resonated a 56.06. The two benzylic cabons gopeared a 8201 and 81.67. The 18
carbons of the aromatic rings gppeared in the region 104.62 to 159.99 giving a totd of 12
ggnds The mass spectrd andlyss of this compound showed the molecular ion pesk at
501 (1%), and the base pesk a 91 (100%).

1.4.3f Preparation of b-lactam 1.7f

Following a dmilar procedure, b-lactam 1.7f was isolated in 70% from the reaction
between acetoxyacetyl chloride and theimine 1.6¢ (Scheme-1.26).

Scheme-1.26
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Thecrude *H NMR spectrum showed the presence of a single diastereomer. This was
then purified by column chromatography. In the IR spectrum of the compound recorded
in nujol, the carbonyl dretching typicd of b-lactam was observed as a srong band at
1751.24 cm'™,

The 'H NMR spectrum showed the acebnide pesks a 1.36 and 151 as two singlets
integrating for three protons each. The H3 proton gppeared as a doublet a 5.85 (J = 4.9
Hz), while the H4 was seen a 4.02 as a dd (J = 4.9 and 5.4 Hz). The anomeric proton
(H-3@ was observed at 5.98 as a doublet with a coupling congant 39 Hz. Due to the
diagtereotopic nature of the benzylic protons, each  of the four protons were observed as
a doublet in the following regions, 4.21 (d, J = 14.7 Hz), 430 (d, J = 123 Hz), 453 (d, J
=123 Hz) and 4.74 (d, J = 14.7 HZ). The doublet a 4.62 was due to the H-64 proton (J
= 3.9 Hz). The H6 proton came as a doublet a 4.56 (J = 4.4 Hz). The aromatic protons
came asmultipletsat 7.19 integrating for 10 protons.

The ®C NMR of this compound was recorded h CDCk. The signd a 164.10 was due to
the b-lactam carbonyl carbon, while the acetate carbonyl resonated a 168.53. The
methyls of the acetonide gppeared a 26.06 and 26.64. The methyl carbon of the acetate
gave a sgnd a 20.17. The G3 and the G4 carbons of the b-lactam resonated a 71.35
and 55.36 respectively. All the other sgnds were in the expected regions and were in
agreement with the structure of the compound.

The mass spectrd andyss of the compound showed the molecular ion pesk a 467.19
(10%), while the base peak was seen a 91 (100%).

1.4.3g Preparation of b-lactam 1.7g

Following a smilar procedure, the b-lactam 1.7g was isolated in 79% from the reaction
between phenoxyacetyl chloride and the imine 1.6d (Scheme-1.27). The IR spectrum
showed the carbonyl pesk typicd of the b-lactam carbonyl a 1751.24.

Scheme-1.27
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The 'H NMR of this compound showed two singlets at 1.30 and 1.50 for the two methyls
of the acetonide. The methoxy protons of the p-anisyl gopeared as a snglet & 3.80
integrating for 3 protons. The H3 b-lactam proton gopeared as a doublet a5.46 (J = 54
Hz), while the H4 proton appeared as dd at 4.69 (J = 5.3 Hz, 34 Hz). The H-5 proton
gppeared as a dd at 4.10 (J = 3.4 Hz and 3 Hz). The H-6' proton came as a doublet a
4.33 (J= 3 Hz). The doublet a 4.58 was due to the H-6a proton (J= 3.4 Hz).

The H-7 proton appeared as a doublet a 4.64 (J =
3.9 Hz), while the anomeric (H-3a) proton seen as
a doublet a 6.06 (J = 39 Hz). The dlyl protons
gopeared as 3 sets of multiplets a 390, 510 and
5.75.

ST
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The ring protons of the phenoxy and the p-anisyl gopeared in the aromatic region from
6.80 to 7.80 and integrated for 9 protons.

The C NMR spectrum of this compound was recorded in CDCls. The C=0 of the b-
lactam resonated a 163.34. In the diphatic regions the two methyls of the acetonide
resonated a 26.16 and 26.72. The methoxyl carbon of the p-anisyl resonated a 55.31.
The C-3 ad C-4 of the b-lactam appeared a 70.68 and 58.58 respectively. The other
cabons resonated in the expected regions and were consstent with the Structure of the
compound. The mass spectrd andyds showed the base pesk a 149 (100%) and the
molecular ion pesk a 467 (36%). This compound provided satiSfectory eementd
andyss.

1.4.3h Preparation of b-lactam 1.7h

Following the standard procedure the b-lactam 1.7h wasisolated in 70% from the

reaction between acetoxyacetyl chloride and the imine1.6d (Scheme-1.28).

Scheme-1.28
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The crude '"H NMR spectrum showed the presence of a single diastereomer. This was
then purified by column chromatography. In the IR spectrum of the compound recorded
in nujol the carbonyl dretching typicd of b-actam was observed as a srong band at
174739 cmi*. The *H NMR spectrum showed the acetonide pesks a 1.32 and 147 as
two dnglets integrating for three protons each. The methyl protons of the acetate
gopeared as a snglet & 2.21 and integrated for 3 protons. The H-3 proton gppeared as a
doublet a 6.15 (J = 5.6 Hz), while the H-4 was seen at 4.63 as add (J = 54 and 3.4 Hz).
The anomeric proton (H-3a) was observed a 6.01 as a doublet with a coupling congtant
3.9 Hz. The alyl protons appeared as 3 sets of multiplets at 3.80, 5.10 and & 5.77. The
four aromatic protons came as multipletsin the region 6.83 to 7.63.

The C NMR of this compound was recorded in CDCk. The Sgnd at 162.02 was due to
the b-lactam carbonyl carbon, while the acetate carbonyl resonaied a 168.53. The
methyls of the acetonide gppeared a 26.09 and 26.64. The methyl carbon of the acetate
gave a sgnd a 20.65. The methyl cabon of the p-anisyl resonated at 55.28. The G3
and the C-4 cabons of the b-lactam resonated a 70.79 and 57.96 respectivdy. All the
other dgnas were in the expected regions and were well in agreement with the structure
of the compound.

The mass gpectrd andyss of the compound showed the molecular ion pesk a 433
(18.75%), while the base pesk was seen at 101 (100%).

1.4.3i Preparation of b-lactam 1.7i

Following a smilar procedure usng methoxyacetyl chloride and the imine 1.6d in the
presence of triethylamine, the b-lactam 1.7i was obtained as a gum in 72% yield. The
product was purified by column chromatography to get the pure compound. The IR
spectrum of this compound showed the C=0O dretching of the b-lactam a 1747.39
(Scheme-1.29).

Scheme-1.29

Led MeOCH,COCI, EtN

CH,CI, 0° to rt




The 'H NMR of this compound showed two singlets a 1.31 and 144 corresponding to
the acetonide. The methoxy of the b-lactam gppeared as a snglet a& 3.66 integrating for 3
protons. The methoxy group at C-3 position of the b-lactam

gopeared a 366 as a snglet
integrating for 3 protons. The
methoxy group of the p-anisyl
reonated a 3.78. The H-5
proton came asadd a 392 (J =
58 Hz and 34 Hz) The H3a

_’N‘,,M m M L_' proton appeared @ 6.02 as a
...........................................,....L" doaublet (J = 39 Hz). The
6.0 5.5 5.0 4.5 4.0

LI | -
3 aromdtic protons gppeared at

6.82and 7.64 astwo signdsintegrating for 4 protons.

The BC NMR of this compound recorded in CDCk showed a dgnd a 164.96
corresponding to the C=0O cabon of the b-lactam. The two methyls carbons of the
acetonide resonated a 26.15 and 26.67. The carbons of the C-3 methoxyl and the
methoxyl of the p-anisyl gopeared a 55.30 and 58.66 respectivdy. The C-3 and C4
carbons of the b-lactam resonated a 70.84 and 58.66 respectively. All the other sgnds
gopeared a the expected regions. The mass spectra andyss of the compound showed
the base pesk a 149 (100%) and the molecular ion pesk a 405 (100%).

1.4.3] Preparation of b-lactam 1.7]

Following a smilar procedure the b-lactam 1.7) was isolated in 6% yidd by the
reaction of phenoxyacetyl chloride with the imine 1.6e in presence of triethylamine
(Scheme-1.30).

Scheme-1.30

PhO_=
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The b-lactam was purified by column chromatogrgphy and isolated as oil. The IR
spectrum  of the compound showed a strong bend a 175896 cmi' suggesing the
presence of b-lactam ring. In the H NMR spectrum of this compound showed two
snglets a 1.29 and 1.50 integrating for three protons eech could be attributed to the two
methyls of the acetonide.

D M ke,

6.0 55 5.0 4.5 4.0
The H-3 b-lactam proton was observed as a doublet at 5.32 (J = 4.9 Hz). The H-5' proton
appeared as a dd a 447 (J = 34 Hz and 39 Hz). The H6 was seen a 4.11 as a doublet
(J = 3.4 H2z). The H-6a and the H-3a protons were seen as two doublets a 4.57 (J = 3.9
Hz) and 596 (J = 39 H2) respectivdy. The 10-dlyl protons were seen as four sts of
multiplets in the regions 370 to 390 integraing for 2 protons 4.00 to 4.25 integreting
for 2 protons 5.05 to 5.20 integraing for 4 protons and 5.65 to 5.90 integrating for 2
protons.

In the C NMR of this compound, the carbonyl carbon of the b-lactam resonated a
165.37. The oldfinic and the ring cabons of the phenoxy group were observed in
between 104.86 to 157.43. The two methyls of the acetonide resonated a 26.16 and
26.72. The sugar and the b-lactam carbons resonated in the regions of 82.18 to 26.16 and
were consstent with the dtructure of the compound. The mass specird andyss of the
compound showed the molecular ion pesk at 401 (2%) and the base pesk at 147 (100%).
1.4.3kPreparation of b-lactam 1.7k

Following a smilar procedure the b-lactam 1.7k was isolated in 68% from the reaction
of acetoxyacetyl chloride and theimine 1.6e (Scheme-1.31).



Scheme-1.31

AcO_3
AcOCH,COCI, Et;N

1.6e
CH,CI, 0%to rt

The IR spectrum of 1.7k showed two bands due to two carbonyls a 175510 and 1760,
for the acetate and the b-lactam carbonyl respectively. The 'H NMR spectrum of this
compound showed acetonide pesks a 1.32 and 150 as two dnglets integrating for 3
protons each. The methyl protons of the acetate were obsarved a 210 as a snglet
integrating for 3 protons The H-5 and the H-6 protons merged with the multiplets of
the dlyl protons. The H-6a was seen at 4.53 (d, J=4 Hz).
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The H3 proton of the b-lactam gppeared as a doublet a 5.99 (J = 4.8 Hz), while the H-4
proton resonated a 4.27 as a dd (J = 48 Hz and 35 Hz). The H-3a (anomeric) proton
gopeared a 5.29 as a doublet (J = 3.6 Hz). The 10 protons of the dlyl moieties gppeared
as three sats of multiplets in the regions 3.75 to 3.90 integrating for 3 protons 515 to
5.30 integrating for 3 protons and 5.69 to 5.90 integrating for two protons.

In the ®*C NMR spectrum of this compound, the acetate carbonyl carbon resonated a
16801 and the b-lactam carbonyl & 163.45. The methyl sgnd of the acetate appeared at
19.80. The two methyls of the acetonide were obsarved a 2550 and 26.09. The other
sgnds agppeared in the expected region and were consgent with the dructure of the
compound. The mass spectrum of the compound showed the molecular on pesk a 367
(1%) and the M™ pesk a 368 (7.5%). The base pesk was obsarved a 111 (100%). This
compound provided satisfactory eementd analyss.



X-Ray crystal structure determination

In order to ascertain the relaive configuration of the molecule, t was necessary to carry
out sngle aysd X-Ray dructure andyss of one of the compounds. Since the absolute
sereochemistry of the chird sugar precursor was known, the absolute configuration of
the b-lactam could be deduced from the relaive stereochemisiry of the chird centers.

To determine the reative stereochemistry of 1.7b, a sngle crystd Xray andyss
of 1.7b was caried out. Suitable Crydds for X-ray andyss were obtaned by
ayddlization of 1.7b from dichloromethane/methanol solvent system.

The important X-ray datafor 1.7b isasfollows.

a=97300 (10) A, b=13598 (3) A, c = 20599 3 A, a =90, b = 20°, g= 9,
V = 27254 8) A2 2=4, r e = 1.261 Mg m®, WR2 = 01235, R1 = 0.0575, T = 293 (2)
K, GOF = 1.233.

The data were collected on Enariuf Nonius CAD-4 dngle cydd X-ray
diffractometer using Cu-Ka radiation { = 1.54060 A) and w-2q scan mode to a ¢ range
of 389 to 59.82°. The dructure was solved by direct postiona and anisotropic therma
parameters for non-hydrogen atom converged to Rw = 01235 R1 = 0.0575 for 2314
unique observed reflections. Hydrogen atoms were geometricadly fixed and confirmed by
a difference Fourier tha was hdd fixed during the refinement. The refinements were
carried out usng SHELEX-97
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Fig 1.2. ORTEP diagram of the crystals of 1.7b.

The X-ray andyss further confirmed the assigned dructure of 1.7b (Fig 1.2).
The absolute stereochemistry of newly formed b-lactam ring centers were assgned as
3S, 4R based on the known absolute stereachemidry of sugar residue present in the

molecule. The overdl absolute stereochemidry of b-lactam 1.7b was established as 3,
3aR 4R, 5R, 6S, and 6aR.



15 : Conclusion

A highly diastereospecific synthess of b-lactams was caried out via Saudinger
reection, udng the imines deived from D-glucose A dngle diastereomer  with
exdugvdy cis sereochemistry was obtained al the cases. The rdative sereochemistry
a the two new chird centers was established as 3S and 4R from X-Ray andyss of one of

theb-lactams1.7b.



1.6 . Experimental
All dry reections were peformed under an inet amosphere of argon, usng freshly
didilled, degassad solvents. Dichloromethane was dried over anhydrous P2Os, stored
over 4A molecular sieves. Acetone was purified by didilling over KMnO, and dried
over anhydrous CaSO,4, and stored over K;COs Zinc Chloride was freshly fused before
use
1.6.1 Synthessof Diacetone-D-glucose 1.2

A suspenson of 75 g (0.0415 mol) of D-glucose, 60 g (0415 mol) of freshly
fused zinc chloride and 3.75 g of phosphoric acid (88% vivV) in 500 ml of dry acetone is
dirred & ambient temperature for 30 hrs. Unchanged glucose is removed by filtration
and the inorganic sdts were precipitaied by the addition of a solution of 425 g of NaOH
in 425 ml of water. The resulting suspenson was filtered; the resdue washed with
acetone and the acetone is evaporated. The mass, which remains, is dissolved in 200 m
water and extracted with portions of methylene chloride (5x50 ml). The organic phase
was dried over sodium sulphate and concentrated on a rotary evaporator to give a white
solid. Recryddlization from hexane gave 35 g of pure diacetonide 1.2 as a white solid,
mp 110 °C (lit 109-110°C) [a]p®-18.8 (c=5 in water).

1.6.2 Synthessof 3-O-Allyl-1, 2: 5,6 di —O-isopropylidene a -D- glucofuranose 1.3a

To a solution of the diacetonide 1.2 (10 g, 0.038 mal) and dlyl bromide (6.97 g,
499 ml, 0057 mal) in methylene chloride (100 ml) was added 50% aguous NaOH
lution (50 ml) and the mixture dirred vigoroudy. Tetrabutylammonium  bromide
(cataytic) was then added to this mixture and the girring continued till the disgppearance
of the dating materid, as indicated by TLC (Ca 24 hrs). The organic layer was
separated and the agueous layer washed with methylene chloride. The combined organic
layers washed with waeter, dried over anhydrous sodium sulphate and the solvents
evaporated under reduced pressure. The crude product containing resdud PTC was
chromatogrgphed over dlica (60-120 mesh) using EtOAc/Pet. Ether (1:4). Remova of
solvents under reduced pressure afforded the 3-O-dlyl-1, 256-disopropylidene a-D-
glucofuranose 1.3a asan ail (11 g, 95.4%).



1.6.3 Synthesis of 3-O-Allyl-1, 2-O -isopropylidene a -D- glucofuranose 1.4a

3-0O-Allyl-1, 22 56 di-O-isopropylidene a-D- glucofuranose 1.3a (8 g, 0.0115
mol) was dissolved in 20 ml of agueous acetic adid (75% vAv) and heated to 75 °C for 3
hrs. The solvents were removed under reduced pressure. The mass that remains was
dsoved in CHCl; and washed repeatedly with water, saturated sodium bicarbonate
olution, and saturated brine solution, dried over Na:SO4, and concentrated to get (6 g,
86.58%) of the diol 1.4a as viscous oil which was used as such for the next reection
without further purification.

1.6.4 Synthesisof 3-O-Benzyl-1, 2: 5,6 di-O-isopropylidene a -D- glucofuranose1.3b

A solution of the diacetonide 1.2 (5.2 g, 0.02 mal) in anhydrous DMF (100 ml)
was added to a sugpenson of NaH (2 g) under argon amosphere, with cooling. The
sugpenson was girred a room temperature for 30 min. and a solution of benzyl chloride
was added drop wise. The reaction mixture was dirred for 2.5 hrs a room temperature
and the excess reagent was decomposed by the careful addition of MeOH (10 ml), and
the solvents were removed. The residue was extracted with CHCl3 (150 ml) and this was
washed with water (3x100 ml), saturated brine solution and dried over sodium sulphate.
Filtration and evgporaion of the solvent under reduced pressure yielded 1.3b as a syrup
(689, 97%).

1.6.5 Synthesis of 3-O-Benzyl-1, 2-O -isopropylidene a -D- glucofuranose 1.4b
Method A: 3-O-Benzyl-1, 22 56 d —O-isopropylidene a-D- glucofuranose 1.3b (5 gm,
00115 mol) was dissolved in agueous acetic acid (20 ml, 75% viv) and heated to 75 °C
for 3 hrs. The solvents were removed under reduced pressure. The mass that remains was
disolved in CHCl3 and washed repestedly with water, saturated sodium bicarbonate
solution, and saturated brine solution, dried over NaSO,4, and concentrated to get 3.8 g
(94%) of the didl 1.4b as a viscous ail, which was used as such for the next reaction
without further purification.

Method B: To a <lution of 3-O-Benzyl-l, 2 56 d-O-isopropylidene a-D-
glucofuranose 1.3b (3 g, 857 mmoal) in MeOH (30 ml), 0.8% H»SO, (3ml) was added
and dlowed to dir a rt till the disgppearance of the dtarting materid (TLC, ca 24 hrs).
The acid was quenched with trithylamine (3 ml). The solvents was evaporated under
reduced pressure. The residue was teken up in CHCIs, washed with water, Saturated



solution of brine, dried over Sodium Sulphate, and concentrated under reduced pressure
to give the glycd 1.4b, which was pure enough to be usad for the next reaction without
further purification. For the synthess of the did 1.4a dmilar procedures were
employed.

1.6.6 General procedure for the preparation of aldehydes 1.5a-b

The ddehydes were synthesized from the glycols following reported procedures ¥% as
follws: .

Slica gd (230400 mesh, 10 g) was added to a vigoroudy dirred solution of NalOa
(2579, 120 mmol) disolved in hot water (~75° C). It was cooled and filtered and dried.
Theresultant slicage — supported Nal O, was used in the preparation of adehydes.

To a vigoroudy dirred suspenson of dlica ge-supported NalOs (20 g) in methylene
chloride (5 ml) was added a solution of the glycol (1 mmol) 1.4a,b in methylene chloride
(5 ml). The reaction was monitored by TLC, until the disgppesrance of the Sarting
materid, filtered through sntered glass funnd and the slica gd was washed thoroughly
with methylene chloride. Removad of solvent under reduced pressure afforded the pure
ddehydes 1.4a,b respectively. These ddehydes were pure enough and were used as such
for the next step.

1.6.7 General procedurefor the preparation of imines 1.6ae

To a olution of the amine (panidding benzyl aming, dly aming aniline) in CHClh,
and anhydrous MgSO,, wes added a solution of the adehyde 1.5a-b in CHCl, The
mixture was gtirred for 68 hrs (TLC). The reaction mixture was filtered through a pad of
cdite. The filtrate was concentrated to get the imines 1.6a-e, which were used as such for
the b-lactam reaction.

1.6.8 General procedure for the preparation of b-lactams 1.7a-|

A lution of the add chlorides (phenoxyacetyl chloride, acetoxyacetyl chloride,
methoxyacetyl chloride and phthdimidoacetyl chloride) (15 mmol) in  methylene
chloride were added to a solution of the imines 1.6a-e (1 mmol) and triethylamine (4.5
mmol) in CHCl2 (20 ml) & O OC. After the addition was completed the reaction mixture
was dlowed to warm up to room temperaiure and gtirred for 15 hrs. The reaction mixture
was then washed with water, saturated sodium bicarbonate solution, saturated brine



solution. The organic layer was then dried over anhydrous NaSO4, and concentrated to
give the crude b-lactams 1.7a-l, which were then purified by column chromatography
using slicagd (60-120 mesh).

Synthesis of (3a'R, 3S, 4R, 5R, 6'S, 6a'R,)-4-(6'-Benzyloxy-2’, 2’-Dimethyl-
tetrahydrofuro [2', 3,d], [1, 3] dioxol-5yl)-3-methoxy-1- (4-methoxyphenyl)-
azetidine2-onel1l.7a

The imine 1.6a (0383 g, 1 mmol) on treatment with methoxyacetyl chloride (0.162 g,
15 mmal), in the presence of trigthylamine (045 g, 45 mmol) provided the b-lactam
17a (034 9, 7472%) & a dngle diesereomer. It was purified by column

chromatography.

M.P. N |

[alp® : -217.19°(c =1, CHCly)

IR (cm? : 174353

H NMR - 1.32(S,3H), 1.46 (S, 3H), 347 (S, 3H), 3.78 (S, 3H), 4.28

(d, 1H, J= 35 Hz), 435448 (m, 2H), 450 (d, 1H, J= 34
Hz), 464 (dd, 1H, J= 49 Hz and 39 Hz), 475 (d, 1H, J=
49 Hz), 478 (d, 1H, J= 11.7 Hz), 6.05 (d, 1H, J= 39 H2).

BC NMR . 2606, 26558, 55.18, 5841, 58.75, 71.75, 81.18, 81.85, 82.07,
82,59, 104.74, 11149, 11381, 11951, 127.66, 127.88,
12806, 128.33, 131.23, 137.34, 156.29, 164.90

MS : M™ 455 (100%), M™ +1 456 (20%), M™ +2 (33%), 368
(31%), 149 (17%), 91 (44%)

Microanalysis : Calculated C: 65.906 H: 6.421 N: 3.076

CosH xNO7 Obtained C:. 66.02 H:657N:319

Synthess of (3@R, 3S, 4R, 5R, 6'S, 6dR,)-4-(6'-Benzyloxy-2’, 2’-Dimethyl-
tetrahydrofuro [2', 3',d], dioxol-5' yl)-1-(4-methoxyphenyl)-3-Phenoxyy-azetidine2 -one
1.7b

The imine 1.6a (0.383 g, 1 mmol) on trestment with phenoxyacetyl chloride (0.255 g,
15 mmol), in the presence of triethylamine (0.405 g, 45 mmol) provided the b-lactam
1.7b (0.387 g, 75%) as adngle diastereomer. It was purified by column chromatography .

MP: ;148



[a ]D24

IR (CHCL):

'H NMR (CDCl5):
(200 MH2)

BC NMR
(CDCly):
(200.13 MHp)
MS

Analysis
CsH aNO7

-245° (c = 1.85, CH2Clo)

1749

1.34 (s, 3H), 154 (s 3H), 3.78 (s 3H), 43 (d, 1H, J = 1.7 H2),
445 (d, 1H, J = 30 Hz), 4548 (m, 4H), 531 (d, 1H, 54 H2),
6.08 (d, 1H, J= 39 Hz), 6.87 (d, J= 8 Hz), 6.9.7.77 (M, 15H).

2629, 2683, 5540, 5847, 7195, 7914, 8138, 8186, 8314,
1049, 11183 11394, 11562, 11979, 12241, 12757,
127.99, 12846, 12962, 131.21, 137.12, 156555, 157.39, 16344

M* 517 (5%), M" +1 518 (1%), M* +2 519 (0.1%), 430 (2%),
149 (41%), 134 (15%), 91 (100%), 77 (12%)

Caculated: C: 7004, H: 6.26, N: 2.63

Found:  C: 6985 H6.01, N: 249

Synthesis of (3a’, 3S, 4R, 5R, 6'S, 6aR,)-4-(6'-Benzyloxy-2’, 2’-Dimethyl-
tetrahydrofuro [2', 3',d][1'-3'] dioxol-5’yl)-3-Phenoxyy-1-Phenyl azetidine2-onel1.7c

The imine 1.6b (0.383 g, 1 mmol) on trestment with phenoxyacetylchloride (0.255 g, 1.5
mmoal), in the presence of trigthylamine (045 g, 45 mmoal) provided the b-lactam 1.7c

(0.346 g, 71.2%) as asingle diastereomer. It was purified by column chromatography.

MP:

[alo™

IR (nujol):

'H NMR (CDCl3):
(200MHz)

BC NMR
(DM SO-Dg)
(50.3 MH_z)

112°C

-285°(c =1, CHCE)

1751.24

133 (S 3H), 148 (S, 3H), 426 (d, 1H, J = 11.2 H2), 441 (d,
1H, J = 3 Hz), 460 (d, 1H, J = 35 Hz), 467 (d J= 3 Hz), 4.74
(dd, 1H, J = 53 Hz, 34 Hz), 529 (d, 1H, J = 54 Hz), 6.05 (d,
1H, J= 39 Hz), 6.98-7.76 (M, 15H, Ar)

2612, 26.76, 57.74, 6738, 7101, 7892, 8115 8127/, 8240,
10462, 11105 11551, 11804, 119.97, 12137, 12250,
1238712451, 12772, 12836, 12888, 12982, 13752, 137.39,



13349, 157.23, 157.99, 164.46.

MS . M™ 487 (8%), 354 (12%), 275 (55%), 217 (19%), 161 (28%),
149 (25%), 91 (100%).

Analysis . Cdcuaed: C: 7144, H: 5995, N: 287

C20H 2NOs Found: C: 7140, H: 6.09, N: 277

Synthesis of (3a'R, 2R, 3S, 5'R, 6'S, 6a'R, 8R)-3-Aceticacid -2-(6’-Benzyloxy-2', 2'-
Dimethyl-tetrahydrofuro [2',3',d], [1',3 dioxol-5yl]-4-oxc1-Phenyl-azetidine2-one
1.7d

The imine 1.6a (0.383 g, 1 mmol) on trestment with acetoxyacetyl chloride (0.204 g, 1.5
mmoal), in the presence of triethylamine (045 g, 45 mmol) provided the b-lactam 1.7d
(0.32 g, 72%) asasingle diastereomer. It was purified by column chromatography.

MP: ;. Gum

[alo” . -244071° (c=1, CHCE)

IR (CHCL): . 1766

'Y NMR (CDCl9) : 132 (S 3H), 146 (S 3H), 205 (S, 3H), 399 (1H, 36 Hz),
(200.13 MH2) 440-436 (d, 11 Hz, benzylic), 447 (dd, 1H, 3 Hz each), 465

462 (d, 1H, J = 39 Hz), 463 (d, 1H, J = 11.2 Hz), 4.75 (dd,
1H, J =59 Hz and 39 Hz), 603-6.05 (d, 1H, J = 39 Hz), 6.07-
605 (d, 1H, J = 59 Hz), 7.07-7.13 ad 7.70-7.68 (m, 10H,

aromatic).
BC NMR : 2006, 2587, 2638, 57.22, 7138, 7277, 8057, 8112, 8185,
(CDCly): 10453, 11144, 11795 12431, 12780, 12798, 12831,
(200.13MHy) 13647, 137.21, 162.35, 168.27
MS - M+. 453 (15%), 193 (5%), 91 (100%), 77 (15%), 65 (18%).
Analysis . Cdaulaed: C:66.21, H: 6.00, N: 3.08
CosH #NO7 Found: C. 6640, H: 657, N: 3.19

Synthesisof (3a'R, 3S, 4R, 5'R, 6’S, 6a’ R)-1-Benzyl-4- (6’-Benzyloxy-2’, 2’-Dimethyl-
tetrahydrofuro [2', 3',d], [1’, 3'] dioxol-5'yl)-3-Phenoxy-azetidine2-one 1.7e

The imine 1.6¢c (0.367 g, 1 mmol) on trestment with phenoxyacetyl chloride (0.255 g, 1.5
mmol), in the presence of triethylamine (045 g, 45 mmal) provided the b-lactam 1.7e
(0.37 g, 74%) asasingle diastereomer. It was purified by column chromatography.



MP
[a]DZS

IR (CHCl)

'H NMR (CDCly)
(200 MH2)

BC NMR

(CDCly)
(503 MHy)

MS

Analysis
C3HzNOg

Oil

-206.415° (c = 1, CHCl3)

17589

1.32 (S, 3H), 150 (S, 3H), 4.11 (dd, 1H, J = 4 Hz, 6 Hz), 422
(d, 1H, J= 14 Hz), 424 (d, 1H, J= 12 HZ), 430 (, d, 1H, J = 14
Hz), 453 (m, 2H), 463 (d, 1H, J = 4 Hz), 479 (d, 1H, J = 18
Hz), 5.16 (d, 1H, J= 49 Hz), 6.03 (d, 1H, J= 4 H2).

2588, 2643, 4492, 5606, 7120, 79.78, 8106, 8167, 8201,
10462, 11127, 11436, 11518 12171, 12699, 12788,
12812, 12897, 135.66, 136.73, 156.99, 164.90

M™ (501, 1%), 368 (20%), 275 (25%), 235 (8%), 196 (60%),
161 (20%), 149 (23%), 105 (18%), 91 (100%),

Cdculaed: C: 71.84; H: 6.23, N: 2.79

Found: C: 7215, H: 650, N: 305

Synthesis of (2R, 3a'R, 3S, 5R, 6'S, 6a R)}3-Aceticacid-2-(6'-Benzyloxy-2', 2'-
Dimethyl-tetrahydrofuro [2',3,d], [1',3 dioxol-5’yl]-1-Benzyl-4-oxo-azetidine-3yl ester

1.7f

The imine 1.6¢ (0.367 g, 1 mmol) on trestment with acetoxyacetyl chloride (0.204 g, 1.5
mmol), in the presence of trigthylamine (045 g, 45 mmol) provided the b-lactam 1.7f
(0.326 g, 70%) as asingle diastereomer. It was purified by column chromatography .

MP

[a]DZS

IR (CHCL)

'H NMR (CDCIy)
(200 MHz)

BC NMR

Oil

-21611%(c = 1, CHCla)

1751.24

136 (s 3H), 151 (s 3H), 1.97 (s 3H), 385 (d, J = 35 H2),
402 (dd, 1H, J = 49 Hz, 54 Hz), 421 (d, 1H, J = 14.6 Hz),
430 (d, 1H, J = 12.3 Hz), 431 (d, 1H, J = 35 Hz), 453 (d, 1H,
J =118 Hz), 456 (d, 1H, J = 44 Hz), 462 (d, 1H, J = 39 H2),
474 (d, 1H, J = 14.7 Hz), 585 (d, 1H, J = 49 Hz), 598 (d, 1H,
J=39Hz), 7.19 (m, 10H, Ar)

2017, 2606, 2664, 4520, 5536, 7135 7401, 8066, 8124,



(CDCly)
(200 MHz)
MS

Analysis
CogH xNO7

8155, 104.80, 11167, 127.39, 127.85, 12803, 12836, 13544,
13645, 164.10, 16853

M* 467 (10%), 274 (48%), 161 (50%), 129 (30%), 101 (45%),
91 (100%).

Cdcd. C: 66.797, H: 6.252, N: 2,996

Found. C: 66922, H: 6472, N: 3.136

Synthesis of (3a'R, 3S, 4R, 5R, 6'S, 6a R)}4-(6'-Allyloxy-2', 2'-dimethyl-
tetrahydrofuro [2', 3'-d][1’, 3'] dioxol-5'yl)-1-(-4-methoxyphenyl)-azetidin-2one 1.7g

The imine 1.6d (0.333 g, 1 mmol) on treeiment with phenoxyacetyl chloride (0.255 g,
15 mmal), in the presence of triethylamine (045 g, 45 mmol) provided the b-lactam
1.7g (0.368 g, 79%) as a single diastereomer. It was purified by column chromatography.

MP
[a]ng

IR (CHCl)

'H NMR (CDCl5)
(20013 MHz)

BC NMR
(CDCly)
(50.3 MHy)

MS

Analysis
CoH oNO7

144-145° C

-242° (c = 1, CHCly)

1751.24

1.30 (S, 3H), 1.50 (S, 3H), 3.80 (S, 3H), 3.90 (m, 2H), 4.04 (dd,
1H, J = 5.3 Hz each), 4.32 (d, 1H, J = 3 Hz), 458 ((d, 1H, J =
34 Hz), 469 (dd, 1H, J = 54 Hz, 34 Hz), 5.10 (m, 3H), 546
(d, 1H, J = 54 Hz), 5.75 (m, 1H), 6.06 (d, 1H, J = 3.9 Hz), 6.80
and 7.8 (m, 9H).

2616, 2672, 5531, 5858, 7068, 7917, 8134, 8182, 8281,
10479, 11166, 11387, 11560, 11743, 11971, 12240,
129556, 131.11, 133.72, 156551, 157.39, 163.34

M* 467 (35%), 379 (12%), 149 (100%), 134 (38%), 111
(17%), 77 (42%).

Cdculated: C: 65.906, H: 6421, N: 3.076

Found: C: 6602, H: 657, N: 3.19

Synthesis of (2R, 3@'R, 3S, 5’R, 6'S, 6a’R,)-Acetic acid2- (6'-Allyloxy-2, 2-dimethyl-

tetrahydrofuro [2',

3ylester 1.7h

3-d][1, 3] dioxol-5yl)-1-(-4-methoxyphenyl)-4oxo-azetidin-



The imine 1.6d (0.333 g, 1 mmol) on trestment with acetoxyacetyl chloride (0.204 g, 1.5
mmoal), in the presence of triethylamine (0.45 g, 45 mmoal) provided the b-lactam 1.7h
(0.303 g, 70%) as asingle diastereomer. It was purified by column chromatography.

MP . Qil

EN S - -22594°(c=1, CHCl3)

IR (nujol) . 174739

'HNMR (CDCl9 : 132 (S 3H), 147 (S, 3H), 221 (S, 3H), 3.78 (S, 3H), 3.80-389
(200 MH2) (m, 3H), 392 (d, 1H, J = 34 Hz), 408 (m 1H), 441 (dd, 1H, J

= 34 Hz each), 459 (d, 1H, J = 38 Hz), 463 (dd, 1H, J = 54
Hz, 34 Hz), 510 (m, 1H), 577 (m, 1H), 601(d, 1H, J = 39
H2), 6.15 (d, 1H, J= 5.6 Hz), 6.83-7.63 (m, 4H)

BC NMR . 2065, 2609, 2664, 5528, 5796, 7079, 7288, 8075, 8L52
(CDCl3) 8L78, 8222, 10472, 11170, 11383 11824, 11968, 130.89,
(50.3 MHy) 13342, 15654, 162.02, 16853

MS . 433 (1829%), 387 (3 %), 360 (36%), 318 (242%), 291

(385%), 258 (2.1%), 223 (27.3%), 190 (6%), 174 (22.72%),
149 (64%), 123 (67%), 101 (100%), 83 (27.3%), 73 (75.8%).
Analysis :  Cdculaed: C: 65906, H: 6421, N: 3.076
CoHzNOg Found: C: 66.02, H: 657, N: 319

Synthesis of (2R, 3a'R, 3S, 5R, 6'S, 6a'R)- 4-(6'-Allyloxy2’, 2'-dimethyl-
tetrahydrofuro [2', 3'-d][1", 3'] dioxol-5'yl)-3- methoxy-4 (methoxy-phenyl) azetidin-
2o0ne 1.7i

The imine 1.6d (0.333 g, 1 mmoal) on trestment with methoxyacetyl chloride (0.16 g, 1.5
mmol), in the presence of trigthylamine (045 g, 45 mmol) provided the b-lactam 1.7i
(0.29 g, 72%) as asingle diastereomer. It was purified by column chromatography.

MP ;. Gum

[a]o® - -20007°(c =1, CHCl3)

IR (CHCl) . 174739



'H NMR (CDCIy)
(200 MH2)

BC NMR
(CDCl5)
(200.13 MHz)
MS

Analysis
CoH2zNO7

1.31 (S, 3H), 144 (S, 3H), 3.66 (S, 3H), 3.78 (S, 3H), 3.92 (dd,
1H, J = 58 Hz and 34 Hz), 411 (m, 2H), 436 (m, 2H), 452
(m, 2H), 5.21 (m, 2H), 581 (m, 1H), 6.02 (d, 1H, J= 39 Hz)

2615, 2667, 5530, 5866, 59.05 7084, 8133, 8201, 8225
8268, 10477, 11149, 11387, 11726, 11954, 13129, 13395
156.32, 164.96

M*™ 405 (45%), 318 (12%), 179 (10%), 149 (100%), 134
(30%), 111 (33%), 99 (10%), 87 (40%), 71 (29%)

Cdculaed: C: 65.906, H: 6421, N: 3.076

Found: C: 66.02, H: 657, N: 319

Synthesis of (3a'R, 3S, 4R, 5’'R, 6'S, 6a’ R)1-Allyl-4- (6'-Allyloxy-2', 2'-dimethyl-
tetrahydrofuro [2', 3'-d][1’, 3'] dioxol-5'yl)-3 -phenoxy-azetidin-2one 1.7]

The imine 1.6e (0.267 g, 1 mmol) on treatment with phenoxyacetyl chloride (0.255 g, 1.5
mmol), in the presence of triethylamine (0405 g, 45 mmoal) provided the b-lactam 1.7

(0.276 g, 69%) as asngle diastereomer. It was purified by column chromatography.

MP

[a]027

IR (neat)

'H NMR (CDCl3
(200 MHz)

BC NMR
(CDCly)
(50.3 MHy)

Oil

-206.797 (c = 1, CHCl3)

17589

1.29 (S, 3H), 150 (S, 3H), 3.70 (m, 2H), 4.00 (m, 2H), 4.11 (d,
1H, J = 34 Hz), 447 (dd, 1H, J = 34 Hz and 39 Hz), 457 (d,
1H, J = 39 Hz), 505 (m, 4H), 532 (d, 1H, J= 4.9 Hz), 596 (d,
1H, J= 39 Hz), 5.65 (M, 2H)

2616, 26.72, 4388, 56.60, 7057, 79.90, 8134, 8218, 104.86,
11163, 11552, 11729, 11832, 12218 12938, 13129,
13368, 15743, 165.37



MS © M 401 (2%), 358 (20%), 318 (10%), 225 (50%), 167 (25%),
147 (100%), 131 (21%), 111 (90), 78 (97%)

Analysis : Cdoulaed: C: 65.906, H: 6421, N: 3.076

C2H #NOg Found: C: 66.02, H: 657, N: 3.19

Synthesis of (2R, 3a'R, 3S, 5'R, 6'S, 6a R}Acetic acid, 1-Allyl-4- (6’-Allyloxy-2’, 2'-
dimethyl-tetrahydrofuro [2', 3'-d][1’, 3] dioxol-5'yl)-3-phenoxy-azetidin -2one 1.7k

The imine 1.6e (0.267 g, 1 mmol) on trestment with acetoxyacetyl chloride (0.204 g, 1.5
mmoal), in the presence of triethylamine (0405 g, 45 mmoal) provided the b-lactam 1.7k
(0.25 g, 68%) as asngle diastereomer. It was purified by column chromatography.

MP . Qil

[a]o™ - -23883°(c=1, CHCl3)

IR (neat) . 1745,1755

'Y NMR (CDCl3 : 132 (S 3H), 150 (S, 3H), 210 (S, 3H), 3.75 (m, 3H), 400 (m,
(200 MHz) 4H), 427 (dd, 1H, J = 48 Hz, 35 Hz), 453 (d, 1H, J = 4 H2),

515-530 (m, 3H), 5.69-5.90 (m, 2H), 5.29 (d, 1H, J = 3.6 H2),
599 (d, 1H, J= 48 Hz)

BC NMR . 1980, 2550, 2609, 4329, 5546, 59.36, 7002, 7318, 79.94,
(CDCls) 8101, 8123 10427, 11093, 117.36, 13089, 13313, 16345,
(50.3 MH3) 16801

MS . M* 368 (15%), 352 (12%), 310 (6%), 294 (15%), 269 (7%),

238 (29%), 224 (5%), 210 (L2%), 184 (2%), 173 (4%), 129 (7),
111 (100%), 98 (16%).

Analysis :  Cdculaed: C: 65.906, H: 6421, N: 3.076

CigH sNO7 Found: C. 66.02, H: 657, N: 319
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Chapter 2

Stereosdl ective Staudinger reaction for the synthesisof b-
Lactams using 1,2:5,6 diisopropylidenea-D -

Allofuranose.



2.1 © Abstract

This chapter deds with the asymmetric synthess of b-lactams from chird
ddimines 26a and 2.6b deived from 3O-Allyl-1,2-O-isopropylidene-ribo-1,5-penta
diddo-14furanose. The deicdly demaending ddimines 2.6a and 2.6b were prepared
from glucose diacetonide 1.2 in 7 seps. These imines underwent a highly stereospecific
Staudinger reection with ketenes to provide a single diastereomer of b-lactams 2.7af,
with exdusvedy cis configuration. The cis Stereochemistry of these b-lactams was
ascertained from the coupling congtants of the C-3 and C-4 ring protons (56 Hz).

2.2 :  Introduction

2.2.1 Background
Carbohydrates as chiral precursorsto b-lactams

The disovay of sufazednt (1) and rdaed monocydic  b-lactams
(monobactams) from microbid sources has spawned consderable effort to generate
gynthetic andlogues with enhanced antibiotic properties. Chung Chen Wei  utilized L-
ascorbic acid (3) as a convenient and inexpensve dating materid and converted it into
the zwitterionic precursor (2) in 7 geps (Chart 2.1).

Chart 2.1

~CH,COH
O

1
Ho N+ o~ NH
w 1{ )ud
o} SO,
()

3

The rgpidly expanding family of carbapenems antibictics has atracted much attention
owing to their wide spectrum of antibacterid activity and this consequently simulated
synthetic efforts. Yoshikos et a have achieved the chird synthesis of the intermediate
of thienamycin, a representative of the family of carbgpenem antibiotics, darting from
the commercidly available D-glucosaminein 10 seps (Scheme 2.1).



Scheme 2.1
NH_+

3
OTBS OH
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—_—
D-Glucosamine —>» (OH — CO,CH,Ph > N |
O OMe “TBS o CO;-

N
(e} B
NHCO,Me . .
®) (6) (+)Thienamycin

Bose @ d obsaved complete diastereosdectivity during the cyclocondensation of
adtivated acids with adimines derived from D- and L-glyceradehyde acetonide®*®> The

b-lactams were isolaied in excdlent opticd and good chemicd yields Scheme2.2a and

2.2b)
Scheme2.2a
o><o O><o
1 7 RL \_/
+ “ Et;N
—_—
o al N 44-70% )/:L\R
& o §
R1=CH,0,Ph0O,AcO,N,,PhthN,CH,=CH
R2=PMP,CH,COOCH,,Bn
Scheme2.2b
X, X,
1 1
R)\ ' =
| N
N 55-76%
0" a4 o “R2
R!=PhthN

R2=DMB,PMB,Bn

Boe e d dso obsarved that imines derived from severd glycerddehydes acetonide
rdated ddehydes (scheme2.3) led to a single ds b-lactams in dl the cases 678,

demondraing that the second chird center in the ddehyde does not exercise any
influence on the stereo chemica course of the annulations reaction.



Scheme2.3

9) (10)

R1=0Ac,0Bn,0CH3,0Ph
R2=DMP,Bn

Recently Bose and Manhas’ have reported the enantiospecific synthesis, of a-hydroxy-b-
lactams (13) usng Schiff's bases derived from D-glycerddehyde under microwave

irrediaion (Scheme2.4).
Scheme2.4
O_
Pl Y X
o 0
HO—T—H NalO4 0) o) ArNH2
H——OoH ~— H ~ T \'_/
H——o ™~ I
o] _N
_O>< Ar

Mannitol diacetonide

X . o

(0] O 0
HH\ /
(@) o) BnO ’, \e‘\ H O,I \\\‘\_/
\_/ BnOCH2COCIE®N HCO2NH4PdIC |
N
N
N

e “Ar MW=

I MW* o) Ar
N
Ar (12) (13)

They dso synthesized cis-3hydroxy-b-lactams™® sating from opticaly  active
ddehydes derived from D-gdactopyranose and converted it tereospecificdly into 6-epi-
lincosamine (Scheme2.5).



Scheme2.5
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2.3 : Present work

Our present invedtigation was focused on the dereosdective syntheds of b-
lactams usng the chird ddehyde deived from 1, 2 5 6-disopropylidene-a-D-
dlofuranosss and the C-3 ema o 1,256-disopropylidene-a-D-glucofuranose
(inverted gereochemidry of the hydroxyl group a the C-3 posgtion). Our interest in the
use of this ddehyde was to study the influence due to the second chird center on the
gtereo chemica course of the annulations reaction.

2.4 :  Results and discussions

Opticdly active ddehydes were known to induce high levels of dereosdectivity in the
Staudinger reaction. The Staudinger reaction was dso known to proceed with good
sHedtivity providing only the cisb-lactams. Recently it has been shown tha the chirdity
a the a-cabon center is necessay for high leves of chird induction. Hence the
stereochemigtry at the b-chird center should not necessarily affect the chirad induction in
the Staudinger reaction. Having dudied the levd of dereo sdection in the b-lactam
formation usng the ddehydes 1.5a and 1.5b and having obtaned a high levd of
diagtereosdectivity, we thought it worthwhile to sudy the effect of inverting the dereo
center a the b-chird center in the Staudinger reaction. We therefore sdected the chird
ddehyde 3O-dlytl, 2 isopropylidenea-D-arabino-l, Spenta diddo-1-4-furananose 2.5,
with the required geric bulk, as one face of the adehyde is completely blocked by the
gem dimethyl group.

The ddehyde 2.5 was prepared from D-glucose in 6 steps. Dglucose was converted into
its diacetonide usdng zinc chloride and acetone. The PDC oxiddion of the diacetonide
1.2 provided the ketone 2.1. The crude ketone was then reduced stereospecificdly to the



doohd 2.2 in presence of NaBHs in MeOH. This doohol on akylaion with dlyl
bromide under phase trandfer condition, in the presence of tetra butyl ammonium
bromide provided the 3-O-dlyl diacetonide 2.3. The sdective hydrolyss of the acetonide
2.3 a the 5, 6 postions under acidic conditions provided the glycd 2.4. NalO,4 oxidation
of 2.4 gave the ddehyde 2.5, with the required Steric bulk. The adehyde 2.5 on treatment
with amines formed the respective imines in quantative yieds. The imines were faund to
be reactive and the annulations with the acid chloride in presence of triethylamine & 0 °C
provided the b-lactam 2.7af in good yidds As expected only a single diastereomer with
cis stereochemistry was formed in the reaction, as observed from the *H NMR spectrum
of the crude product.
Thus the inverson of the Sereo center a the b-chird center in the ddehyde 1.5b did nat
exet any influence on the stereo chemica course of the reaction. Hence it can be safely
concdluded that the rdative stereochemistry at the G3 and C-4 postions of the b-lactam
must be the same i.e. R and 4S for the compounds obtained from both the epimers of the
sugar ddehyde.
The diagnogtic tool to differentiate spectroscopicdly the two isomeric sugars at the G3
postion is the *H NMR. The H-2 proton of the glucose diacetonide derivative appeared
as a doublet a 4.5 (J = 34 Hz) wheress in the dlose di acetonide derivative the H3
proton gppeared as a triplet a 4.5 (J = 34 Hz). This can be explaned in terms of the
Karplaus's eguation, which dates tha the largest vicind couplings arise with protons in
the trans coplanar positions ¢ =180°where f is the dihedrad angle between two vicind
C-H bonds). Vicind couplings for cis coplanar protons are dmost as large § =0). Very
smdl couplings arise between the protons a 90° to each other. In the case of the glucose
derivative the dihedrd angle is 9¢° and so no coupling is obsarved, wheress in the dlose
derivative the dihedrd angle is close to 60° hence the H2 proton couples with both the
H-1 and the H-3 giving atriplet.
2.4.1 Preparation of thealdehyde 2.5

Following the reported procedure, glucose diacetonide?'® was converted into
its diastereomer 1,2:5,6-diisopropylidene-a-D-dlofuranose 2.2 in two steps.



Scheme-2.1
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The dcohal 2.2 was then dkylated using dlyl bromide under phase trandfer conditions to
get the 3-O-dlyl deivaive 2.3 in quantaive yidd. The diacetonide 2.3 was then
sdectively deprotected using ether 70% ag. acetic acid or 0.8% H2SOs4 solution to get
the 56-dd 2.4, which on treetment with NalO, afforded the required ddehyde 2.5 in
good yidds (Scheme-2.1).

2.4.2 Preparation of imines2.6aand 2.6b

The imines 2.6a and 2.6b were prepared by treating the ddehyde 2.5 with p-aniddine or
dly amine in methylene chloride in presence of MgSO, a RT. After the usua workup
and concentration the imines were obtaned in quantaive yidds (Scheme-2.2). The
imines were pure enough to be used as such for the cydoaddition reaction, as confirmed
by *H NMR spectroscopy. The imine proton appeared as a doublet a 7.82 (J = 4.9 Hz)
for2.6aand a 7.66 (J= 4.9 Hz) for 2.6b.

Scheme-2.2
R
|
NG H
RNH,,MgSO,,CH,Cl o
o5 2,MQS0 4, CH Ll > " Q
Allylo '0)(
2.6a-b
2.6a:R =PMP
2.6b:R =allyl



2.4.3 Preparation of the b-lactams 2.7a-f

The b-lactams 2.7a-f were syntheszed udng the imines 2.6a-b on treament with
respective acidchloridesin presence of triethylamine (Scheme2.3).

Scheme2.3

A

N _H
\&o ArOCH,COCI, EtN,
: o)( CH,Cl, °C o RT
z 2.6ab
\

Table 2.1 The syntheses of b-lactams 2.7a-f from the imines 2.6a-b via the Staudinger

Reaction.
b-lactams Ar R Yield (%)

2.7a—f

2.7a Ph PMP 70
2.7b Ac PMP @
27c Me PMP &8
2.7d Ph Allyl [
27e Ac Allyl 6¢)
2.7f Me Allyl 71

2.4.3a Preparation of the b-lactam 2.7a

A olution of phenoxyacetyl chloride in anhydrous methylene chloride was added to a
slution of the imine 2.6a and trithylamine in methylene chioride & 0 °C under argon
amosphere. The resulting mixture was dlowed to warm up to RT and dirred for 15 hrs.
After the usud workup followed by column chromaogrgphy, the b-lactam 2.7a was
isolated as a gum in 70% vyidd (Scheme-2.4). The IR spectrum of this compound
showed a strong band a 1747 cm' corresponding to the b-lactam carbonyl stretching
frequency. In the 'H NMR spectrum of this compound showed two gem dimethyl
protons of the acetonide at 1.46 and 1.58 astwo snglets.



Scheme-2.4

»6a PhOCH,COCI, Et;N

CH,CI, 00 to rt

The methoxyl protons of the PMP gppeared as singlet a 3.90. The H3 and H4 protons
resonated a 563 (d, 1H, J = 52 Hz) ad 490 (dd, 1H, J = 51 Hz and 39 H2)
respectively. The H5' proton of the sugar gppeared as a dd (J = 34 & 39 Hz) a 4.18.
The H-6a resonated at 4.62 as a triplet (J = 3.7 Hz). The H-3a (anomeric proton)
gppeared as a doublet a 5.61 (d, J = 3.5 Hz). The 5dlyl protons appeared as three sets
of multiplets a 3.93, 5.27 and 4.05.

The BC NMR spectrum of this compound showed
the two methyls of the isopropylidene as two sgnds
a 2554 and 26.09. The methoxy of the p-anisyl
resonated a 54.69. The C-3 and the C-4 carbons
were seen a 78.54 and 70.05 respectively. The G6
cabon and the C-5 resonated a 80.71 and 81.19 27a

repectively.

The C-3d (anomeric) carbon was seen & 104.16. The carbonyl carbon of the b-lactam
resonated & 162.72. The aromatic and the olefin carbon resonated in the region 156.76 to
104.16. The mass spectrum of this compound showed the base pesk a 149 (100%) and
the molecular ion peek a 467.

2.4.3b Preparation of the b-lactam 2.7b

Following the sandard procedure the b-lactam 2.7b waes isolated in 69% yied from
methoxy acetyl chloride and the imine 2.6b, the resulting mixture was dlowed to warm
up to RT and dirred for 15 hrs After the usud workup followed by column
chromatography, the b-actam 2.7b was isolaed as a gummy substance in 70% yied
(Scheme-2.5). The IR spectrum of this compound showed a strong band a 1751.24 cmt



corresponding to the b-lactam carbonyl stretching. The *H NMR spectrum showed the
pesks in the expected regions. Two singlets appeared & 1.35 and 1.60 corresponding to
the two methyls of the acetonide. The G3 methoxy gppeared a 3.60 and the methoxy of
the p-anisyl seen at 3.80, astwo singletsintegrating for three protons each.

Scheme-2.5

N

an Q

o \PMPL\

2.7b

) 6a MeOCH,COC, EtN

CH,Cl, 0 to rt

The H-3 proton of the b-lactam was seen a 4.70 as a doublet (J = 5.3 Hz). The H4
proton resonated at 393 asadd (J=54 & 58 Hz). A dd a 402 (J =58 & 39 H2)
corresponded to the H5' proton. The H-6' proton gppeared a 4.56 as a doublet (J = 3.9
Hz). The H-6a proton gppeared as a doublet a 4.64 (t, J = 3.6 Hz). The H34d proton
(anomeric) resonated at 5.70 (d, J = 34 Hz). The five dlylic protons gppeared as three
sts of multiplets in the region of 574 - 589 integraing for one proton, 5.23-5.34
integrating for two protons and 4.09 - 4.16 integrating for two protons.

MeO

2.7b

The BC NMR spectrum of this compound showed the two methyls of the isopropylidene
as two sgnds a 26.58 and 27.10. The methoxy of the p-anisyl resonated a 55.73. The
C-3 ad the C-4 cabons were seen a 8176 and 71.26 respectivey. The C-3a

(anomeric) carbon was seen a 105.20. The carbonyl carbon of the b-lactam resonated at

74



156.75, while the acetae carbonyl gave a sgnd a 16538. All the other dgnds
gopeared in their expected regions.

2.4.3c Preparation of the b-lactam 2.7¢

Following the standard procedure the b-lactam 2.7c was isolaed in 68% yidd as thick
all, from the [2+2] cydoaddition reaction between acetoxyacetyl chloride and the imine
2.6a (Scheme-2.6).

Scheme-2.6

56 ACOCH,COCI, EtN

CH,CI, 0%to rt

The IR spectrum of this compound (2.7c) was recorded in CHCls, and showed a strong
band a 175896 cm™ due to the b-lactam carbonyl stretching and another a 1732 cm*
due to the acetate carbonyl.

The 'H NMR spectrum of 2.7c showed two singlets for two methyls of the acetonide at
1.32 and 1.48 integrating for 3 protons each. The methyl protons of the acetate resonated
a 2.15 as a singlet. The H3 proton of the b-lactam resmaed a 5.96 as a doublet (J =
5.1 Hz), while the H4 proton came asadd a 4.14 (J = 5.1 & 59 Hz). The H-5 proton
appeared as add at 422 (J= 36 & 59 Hz). The dd a 3.61 was attributed to H-6' proton
(J=36& 44 H2).

The characterigtic triplet due to the H-6d proton
gopeared a 4.51 (J = 3.6 Hz). The anomeric proton
(H-3d) appeared a 5.70 (3.7 Hz). The five dlylic
protons gppeared as three sats of multiplets & 5.88 -
598 integrting for one proton, 523 - 534
integrating for two protons and 3.8 - 394 integrating

2.7c

for two protons.

In the C NMR spectrum of this compound the carbonyl cabon of the b-actam
gopeared a 156.75 while the acetate carbonyl carbon was seen a 165.38. The sgnds



due to the olefinic cabons and the aromatiic carbons came in the region 134.38 to
105.20. The carbons on the sugar moiety and the b-lactam ring resonated in the region
83.10 to 26.58. The methyl of acetate resonated at 27.10 while the two methyls of the
acetonide gave asgnd at 26.15 and 26.69,.

The mass spectrum of this compound exhibited the molecular ion pesk (m+) a 405 and
the base pesk a 149 (100%).

2.4.3d Preparation of the b-lactam 2.7d

The b-lactam 2.7d was isolated as viscous oil in 72% yidd from phenoxyacetyl chloride
and the imine 2.6b following the standard procedure Scheme-2.7). In the IR spectrum
of this compound, a strong band a 1758.96 cmi® indicated the presence of b-lactam C=0

sretching. The H NMR spectrum was recorded in CDCh, which showed two singlets at
1.33 and 1.48 for two methyls of the acetonide.

Scheme-2.7

5 b PhOCH,COCI, EtN

CH,Cl, 00 to 1t

The H3 proton of the b-lactam appeared as a dd a 4.42 (J = 49 Hz). A dd appeared at
370 (J = 37 & 3.8 Hz), which could be attributed to the H5' proton. The characterigtic
triplet due to the H-6d proton appeared & 4.55 (J = 3.9 Hz). The anomeric proton (H-
3d) resonated at 5.68 as a doublet (J = 34 Hz). The H-3 and the H6' protons were
merged with the dlylic protons. The dlylic protons, a totd of ten protons, gopeared as
three sats of multiplets in the usud pattern, from 5.68 to 553 integrating for two protons,
5.31 to 5.33 integrating for 4 protons of the dlyl and the H3 proton of the b-lactam, and
3.97 to 4.17 integrating for 5 protons, four of which were from the dlyl and the fifth was
the H -5 proton.



The BC NMR spectrum of this compound showed the signal due to the b-lactam C=0
cabon a 165.96. the two methyls of the isopropylidene gppeared as two dgnds a 27.07
and 27.25. The other Sgnd appeared at the expected regions.

The mass gpectrd andyss of this compound showed the base pesk a 147 (100%) and
the molecular ion pesk a 401 (5%). This compound provided satisfectory eementa
andysis.

2.4.3e Preparation of the b-lactam 2.7e

Following the dandard procedure the b-lactam 2.7e has been prepaed from
acetoxyacetyl chloride and theimine 2.6b in 69% yidd (Scheme-2.8).

The IR spectrum of this compound showed two carbonyls, b-lactam and the acetate
appearing a 1750 o and 1747.39 cmi* respectively.

Scheme-2.8

5 b AcOCH,COCI, EtN

CH,CI, 00 to rt

The 'H NMR spectrum of this compound showed the acetonide pesks at 1.35 and 1.52.
The acetate was seen a 2.15 as a snglet integrating for 3 protons. The H3 b-lactam
proton came as a doublet at 5.98 (J = 4.4 Hz). The H4 and H-5 protons merged with the
dlylicmultiplets. The H-6 proton gppeared at 3.54 asadoublet (J= 4.4 Hz).



The H-4 and H-5 protons merged with the dlylic multiplets. The H6 proton appeared a
354 as a doublet (J = 4.4 Hz). The characteridtic triplet due to the H6a proton gppeared
a 458 (J = 44 Hz). The anomeric proton (H-3a) resonated a 5.75 as a doublet (J = 39
H2).

The 10 dlylic protons gppeared as three sets of multiplets in the regions, 3.74 to 4.16
integrating for 4 protons of the dlyl moigties and the H-5 proton, a 5-proton multiplet
from 516 to 533 inclusve of 4 dlyl protons merged with the H4 proton, and a twe
proton multiplet from 5.68 to 5.91.

The 3C NMR spectrum of this compound exhibited Signds due to the carbonyl carbons
of the b-lactam and the acetate a 164.71 and 169.38 respectively. All the other sgnds
were consgstent with the structure of the compound.

The mass spectrd andyss of this compound showed the molecular ion pesk a 367,
while the base pesk was seen & 111. This compound provided satisfactory elementary
andyss.

2.4.3f Preparation of the b-lactam 2.7f

Following the usud procedure the b-lactam was isolated as a viscous ail in 71% yidd
from methoxyacetyl chloride and the imine 2.6b in the presence of triethylamine a O °c
(Scheme-2.9).

Scheme-2.9

26b MeOCH,COCI, EtN .

CH,Cl, 0°to rt




The 'H NMR spectrum of the crude product showed signdls due to a single diastereomer.
Purification of this compound by column chromatography provided oil. The IR spectrum
of this compound showed a strong band a 1755.10 cmi* corresponding to the b-lactam
carbonyl stretching.

The '"H NMR spectrum recorded in CDCh showed the acetonide protons a 1.40 and 1.50
as two dnglets integrating for 3 protons each. The methoxy protons resonated a 3.52.
The H3 proton of the b-lactam appeared as a a@ublet a 4.55 (J = 4.8 Hz). The H4 b-
lactam proton was seen a 4.39 asa dd (J = 48 & 3.9 Hz). The H5 and H-6 protons
were merged with the alylic protons. The characteridtic triplet a 461 (J = 44 H2z)
corresponded to the H-6a proton.

o s

6.0 55 5.0 4.5 4.0 35

The anomeric proton (H-3a) was seen a 573 (J = 34 Hz). The 10 dlylic protons
gopeared as four sets of multiplets, 3.90 to 4.00 and 354 to 3.75 integrating for 2 protons
eaech, 5.16 to 5.35 integrating for 4 protons, and a multiplet & 5.65 to 6.0l integrating for
2 protons.

In the ®C NMR of the compound the signd corresponding to the b-lactam carbonyl
carbon appeared a 166.51. The two methyls of the isopropylidene gave a Sgnd a 26.16.
The methoxy carbon was seen a 42.74. The methylene carbons of the two dlyls on the
nitrogen and oxygen resonated a 56.78 and 5884 respectivdy. The C-3 and the C-4
cabons of the b-actam resonated a 76.01 and 70.79 respectively. The other carbons
resonated in the expected regions.

The mass spectrd analyss of the compound showed the base pesk a 87 (100%), while
the molecular ion pesk gppeared a 339 (3%).



2.5 . Conclusion
A highly diastereospecific synthesis of b-lactams was achieved, via Staudinger reaction,
usng D-dlose derived imines. As only a single diastereomer was obtained, the reative
stereochemistry at the two new chira centers must be the same as that of the compounds
obtained from the epimeric ddehydes 1.5a,b. Hence the reldive stereochemisry a the
two new centers must be 3R and 4S.



2.6 . Experimental

All dry reections were peformed under an inet amosphere of argon, using freshly
didilled, degassad solvents. Dichloromethane was dried over anhydrous P,Os, stored
over 4A molecular seves. PDC was synthesized freshly from anhydrous pyridine and
CrOs and recrystdlized from anhydrous acetone.

26.1 Synthesisof 1,2: 5,6-Di-O-isopropylidene-a -D-ribo—hexofuranose-3-ulose 2.1
To a dirred solution of the diacetonide 1.2 (312 g, 121 mmal) in anhydrous methylene
chloride (80 ml) was added dowly PDC (6.85 g, 182 mmoal), 10 g of freshly activated
molecular seves (3A), followed by 05 ml of anhydrous acetic anhydride a RT. The
reaction mixture was dirred for 24 hrs, after which cdite (6 gm) was added and irred
for 30 min. Fltered and coevaporated with toluene under reduced pressure to remove
pyridine and acetic anhydride. The resulting dark brown resdue was tregied with diethyl
ether and filtered through anhydrous MgSO, and evaporated to get the crude ketone 2.1
(3 g), which was used, as such for the reduction step.

2.6.2 Synthesisof 1,2: 5,6-Di-O-isopropylidene -a -D-allofuranose 2.2

To the crude syrupy oxidation product 2.1 (3.5 g, 125mmoal) is added 10ml of EtOH and
the solution was cooled to 0°C, NaBH4 (047 g, 127 mmol) was added to the cold
megneticdly dirred solution. After the addition is complete the cooling bath is removed
and dirring continued for 1hr. The reaction mixture is concentrated under reduced
pressure extracted with CHCl; and the combined organic extracts were washed with
water, dried over NaSO,, filtered and concentrated under reduced pressure to aford the
doohadl 2.2 (3 g, 85%), as awhite solid (m.p. 75 °C).

2.6.3 Synthesis of 3-OAllyl-1, 2: 5,6 di —O-isopropylidenea -D- allofuranose 2.3

To a solution of the diacetonide 2.2 (3g, 1153 mmoal) and dlyl bromide (14 g,
099 ml, 1711 mmoal) in methylene chloride was added 50% aguous NaOH solution (15
ml) and the mixture dirred vigoroudy. Tetrabutylammonium bromide (cataytic amount)
was then added to this mixture and the dirring continued till the disgppearance of the
garting materid, as indicated by TLC (Ca 24 hrs). The Organic layer was separated and
the agueous layer washed with methylene chloride. The combined organic layers washed



with water, dried over anhydrous sodium sulphate and the solvents eveporated under
reduced pressure. The crude product containing residua PTC was chromatographed over
dlica (60-120 mesh) using EtOAc/Pet. Ether (1:4). Remova of solvents under reduced
pressure affordedthe pure dlyl ether 2.3 (3.28 g, 95%).

2.6.4 Synthesis of 3-O-Allyl-1, 2—0O-isopropylidenea -D- glucofuranose 2.4

To a solution of 2.3 (328 g, 1096 mmol) in MeOH (35 ml), 0.8% H,SO, (3.3
ml) was added and dirred at rt till the disgppearance of the garting materia (TLC, ca 24
hrs). The acid was quenched with triethylamine (3.3 ml). The solvents was evaporated
under reduced pressure and the resdue was taken in CHCl, it was washed with water,
saurated solution of bring, dried over sodium sulphate, and concentrated under reduced
pressure to give the glycol 2.4 (2.64 g, 93%), which was pure enough to be used for the
next reaction without further purification.

2.6.5 Synthesis of 3-O-allyl-1, 2 isopropylidenea-D-arabino-1, 5penta dialdo-1-4-
furanose 2.5

To a vigoroudy dirred suspenson of dlica geksupported NalOs (8 @) in
methylene chloride (50 ml) was added a solution of the glycol 2.4 (264 g, 10.16 mmol)
in methylene chloride (5 ml). The reaction mixture was filtered through sntered glass
fund and the dlica gd was washed thoroughly with methylene chloride. The solvent
was removed under reduced pressure to afford the pure ddehyde 2.5 (2.19 g, 95%). This
was then usad as such for the next step without any purification.
2.6.6 General procedure for the synthesis of imines

To a olution of the amine (4.38 mmoal of p-anisdingdlyl amine) in CH-Clz, and
anhydrous MgSO,, was added a solution of the ddehyde 2.5 (1 g, 4.38 mmoal) in CH.Ch.
The mixture was girred for 6-8 hrs (TLC). The mixture was filtered through a pad of
cdite in a sintered glass crucible. The filtrate was concentrated to get the imines 2.6a,b,

which were used as such in the Staudinger reaction.

2.6.7 General procedure for the synthesis of b-lactams 2.7a-f
A solution of the acd chloride (1.5 mmoal) in methylene chloride (10 ml) was
added to a solution of the imines 2.6 a, b and triethylamine in CH>Cl> (20 ml) & 0 °C.

After the addition was completed, the reaction mixture was dlowed to warm up to room



temperature and girred fa 15 hrs. The reaction mixture was then washed with waeter,
sauraed sodium  bicarbonate solution, saturated brine solution. The organic layer was
then dried over anhydrous N&SO, Concentration followed by purification of resultant
cude product by column chromatography provided the b-lactams 2.7af in 68-72%
yidds.

Synthesis of (3S, 3a'R 4R, 5R, 6'R, 6a R)}4-(6'-Allyloxy2', 2'-dimethyl-
tetrahydrofuro [2', 3'-d][1', 3'] dioxol-5'yl)-1-(-4-methoxyphenyl)-azetidin-2one 2.7a
The imine 2.6a (033 g, 1 mmd) on treatment with phenoxyacetyl chloride (0.25 g,
0.207 ml, 1.5 mmal) in the presence of triethylamine (045 g, 4.5 mmol) provided the b-
lactam 2.7aas asingle diastereomer (0.32g, 70%) as a gummy substance.

MP : Gum

[a o™ : +24.24°(c=0.61, CHCly)

IR (CHCl) . 1747

'H NMR (CDCl9 : 146 (s 3H), 158 (s 3H), 390 (s 3H), 395 (m, 2H), 4.18
(200 MH2) (dd, 1H, J = 44 Hz each), 462 (t, 1H, J = 3.7 Hz), 490

(dd, 1H, J = 51 Hz and 39 Hz), 527 (m, 2H), 561 (d,
1H, J= 35 Hz), 563 (d, 1H, J= 5.2 Hz), 5.83 (M, 1H)

BCNMR (CDCl) : 2554, 2600, 5469, 57.96, 7005 7854, 8071, 8119,
8218, 10416, 1104, 11324, 11497, 11681, 11909,
121.77, 12894, 130,048, 133,00, 155.88, 156.76, 162.72

MS © 467 (20%), 149 (100%), 77 (49%), 111 (3%), 134 (30%)
Analysis . Cdculated: C: 66.797, H: 6.252, N: 2.996
C26H 0NO7 Found: C: 66.86, H: 6.34, N: 3.086

Synthesis of (2R, 3S, 3a'R 5’'R, 6'R, 6a’ R)-Acetic acid2- (6’-allyloxy —2',2' dimethyl-
tetrahydrofuro [2',3-d][1',3'] dioxol-5"yl)-1-(4-methoxyphenyl)-4-oxo (2R, 39S)
azetidin-3yl ester 2.7b.

The imine 2.6a (0.33 g, 1 mmol) on trestment with acetoxyacetyl chloride (0.204 g,
0.207 ml, 1.5 mmol) in the presence of triethylamine (045 g, 45 mmol) a 0 °C provided

theb-lactam 2.7b as asingle isomer (0.29 g, 69%) as a gummy substance.



MP . Qil

[a]p” - +3328%°(c=1, CHCly)

IR (CDCly) . 175896

'HNMR (CDCl9 : 135 (s 3H), 1.60 (s 3H), 361 (dd, 1H, J = 36 Hz, 44
(200 MH2) Hz), 3.8 (m, 2H), 3.93 (dd, 1H, J = 58 Hz and 54 H2,

402 (dd, 1H, J = 58 Hz, 39 Hz), 4094.16 (m, 2H), 4.22
(dd, 1H, J = 36 Hz, 59 Hz), 456 (d, 1H, J = 39 Hz), 464
t, 1H, J = 36 Hz), 523534 (m, 2H), 5.70 (d, 1H, J = 34
Hz), 5.74-5.89 (m, 1H).

BCNMR (CDCl) : 2658, 2710, 5573, 59095948, 7126, 8L76, 8243,
8268, 8310, 10520, 11191, 11429, 11768 11997,
131.72, 134.38, 156.75, 165.38

MS . 433 (15%), 101 (100%), 73 (92%), 83 (40%), 123 (87%),
149 (85%), 174 (22%), 223 (25%)

Analysis :  Cdculated: C: 60.962; H:6.279; N: 3.231

C2H zNOs Found: C: 61.09; H: 6.429, N: 3.31

Synthesis of (3S, 3a'R, 4R, 5R, 6'R, 6a R)}4-(6"-Allyloxy2', 2'-dimethyl-
tetrahydrofuro [2', 3'-d][1’, 3] dioxol-5'yl)-3 methoxy-1- (-4-methoxyphenyl)-
azetidin-2one 2.7¢

The imine 2.6a (033 g, 1 mmal) on treatment with methoxyacetyl chloride (0.16 g, 1.5
mmol) in the presence of triethylamine (045 g, 45 mmol) a& 0 °C provided theb-lactam
2.7c assasngleisomer (0.27 g, 68%) as Qil.

MP - Oil
EN S . +37.202 (c = 1, CHCly)
IR (CHC) . 175124



'H NMR (CDCIy)
(200 MH2)

BC NMR

MS

Analysis
CoeH 0NO7

Synthesis of (3S, 3a'R, 4R, 5'R, 6'R, 6a' R)-1-Allyl-4- (6'-allyloxy —2’, 2 dimethyl-

1.32 (s, 3H), 148 (s, 3H), 361 (dd, 1H, J = 36 Hz and 44
Hz), 38394 (m, 2H), 414 (dd, 1H, J = 51 Hz ad 59
Hz), 422 (dd, 1H, J = 3.6 Hz and 59 Hz), 451 (t, 1H, J =
36 Hz), 523-534 (m, 2H), 570 (d, 1H, J = 3.7 Hz), 588
598 (m, 1H), 5.96 (d, 1H, J= 5.1 Hz)

2669, 2615 5530, 5866, 59.05 7084, 8133, 8201
8225 8268, 10520, 11149, 11387, 11726, 11954,
134.38, 156.75,165.38.

405 (30%), 362 (5%), 318 (10%), 179 (8%), 149 (100%),
134 (329%), 111 (27%), 87 (40%), 71 (30%)

Cdculaed: C: 65906, H: 6421, N: 3.076
Found: C:66.11, H: 667, N:3.30

tetrahydrofuro [2',3'-d][1",3']dioxol-5'yl)- 3-phenoxyazetidin-2-one2.7d

The imine 2.6b (0.33 g, 1 mmol) on treatment with phenoxyacetyl chloride (0.25 g,
0207 ml, 1.5 mmol) in the presence of triethylamine (0.45 g, 45 mmol) a 0 °C provided

theb-lactam 2.7d asasnglediastereomer (0.28 g, 72%).

MP
[a ]D24
IR (CHCL)

'H NMR (CDCl3)
(200 MHz2)

BC NMR (CDCl)

Oil

+7.72°(c = 1, CHCh)

17589

133 (s 3H), 148 (s 3H), 370 (dd, 1H, J = 37 Hz, 34
Hz), 397 (m, 5H), 442 (d, 1H, J = 49 Hz), 455 (t, 1H, J
= 39 Hg), 521 (m, 5H), 553 (m, 2H), 568 (d, 1H, J = 34
Hz), 7.29 (m, 5H)

2107, 2125, 4428, 5765 7181, 7669, 7743, 77.85,
7956, 8085 10459, 11359, 11607, 11631, 11845,



119.06, 122.44, 129,68, 131.97, 134.62, 157.94, 165.96

MS o401 (5%), 358 (9%), 225 (32%), 167 (25%), 147 (100%),
11 (79%), 78 (87%)

Analysis . Cdcaulaed: C: 65.820, H: 6.779, N: 3.489

CoeH sNO7 Found: C: 65.877, H: 6.95, N: 363

Synthesis of (2R, 3S, 3a'R, 5'R, 6'R, 6a’R)-Acetic acidl-allyl-2- (6’-Allyloxy-2’, 2'-
dimethyl-tetrahydrofuro [2', 3'-d][1’, 3] dioxol-5'yl)-4-0x0 (2R, 3S) azetidin-3yl ester
2.7e.

The imine 2.6b (0.33 g, 1 mmol) on treatment with acetoxyacetyl chloride (0.25 g, 0.207
ml, 1.5 mmol) in the presence of triethylamine (045 g, 45 mmol) & 0 °C provided theb-
lactam 2.7e asasngleisomer (0.32 g, 70%).

MP : Qil

[alo® - +9.274°(c = 1.03, CHCl)

IR (neat) . 1747,1753

IH NMR (CDCl9 : 135(s 3H), 152 (s 3H), 354 (d, 1H, J = 44 Hz), 3.74-

(200 MHz) 416 (m, 6H), 458 (t, 1H, J = 4.4 Hz), 516533 (m, 5H),
568591 (m, 2H), 5.75 (d, 1H, J = 39 Hz), 5.98 (d, 1H, J
=44Hz)

BC NMR (CDClL) : 2069, 2664, 4389, 5924, 7135 7346, 7006, 80.24,
104.32, 113.07, 11851, 131.57, 134.25, 164.71, 169.38

MS © 367 (8%), 352 (2%), 294 (T%), 224 (5%), 173 (3%), 111
(100%), 98 (15%), 83 (48%)

Analysis . Cdculated: C: 58.846; H: 6.859; N: 3.812;

CoeH oNO7 Found: C:59.00; H: 6.957; N: 4.01;

Synthesis of (3S, 3a’R, 4R, 5'R, 6'R, 6a’R)-1-Allyl-4- (6 -allyloxy —2', 2' dimethyl-
tetrahydro-furo [2', 3'-d][1", 3] dioxol -5 yl)- 3-methoxyazetidin-2-one 2.7f

The imine 2.6b (033 g, 1 mmal) on treatment with methoxyacetyl chloride (0.267 g,
0207 ml, 1.5 mmol) in the presence of triethylamine (0.45 g, 45 mmol) & 0 °C provided
agngle isomer of b-lactam 2.7f (0.32 g, 70%) asagummy substance.

MP . Qi

[a]o® - 412212 (c =1, CHCl)



IR (neat)
'H NMR (CDCIy)
(200 MH2)

BC NMR (CDCly)

MS

Analysis
C1H=NOs

1747, 1753

140 (s, 1H), 150 (s 1H), 352 (s 3H), 354 (m, 2H), 3.90-
400 (m, 2H), 354-3.75 (m, 2H), 4.39 (dd, 1H, J = 4.8 Hz
and 39 Hz), 455 (d, 1H, J = 48 Hz), 461 (t, 1H, J = 44
Hz), 5.165.35 (m, 4H), 5.65-6.01 (m, 2H), 573 (d, 1H, J =
34 Hz)

2616, 4274, 5678, 5884, 7070, 7601, 7884, 8358,
103.72,112.47, 117.84,131.11, 133.72, 166,51

339 (3%), 324 (15%), 241 (5%), 157 (%), 145 (6%), 111
(70%), 87 (100%), 71 (30%0)

Cdculaed: C: 60.16, H: 7.42, N: 413

Found: C:60.37, H: 7.72, N: 4.40
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Chapter 3

Transformations of b-lactams derived from D-glucose



3.1 . Abstract

This chepter deds with the tranformations of opticdly active b-lactams whose synthesis
has been described in Chepter 1 into various derivatives. Deprotection of the b-lactams
1.7g/ 3.5 &fforded the 6hydroxy b-lactam 3.6, which was then oxidized to the ketone 3.7
usng DessMatin Periodinane. Alternatdly, a one pot deprotection of the dlyl and the
acetonide of 1.7g aforded the methyl glycosides in the raio 46:54, as confirmed by 'H
NMR spectrum. This anomeric mixture was then converted into the diacetate 3.11. The
oxidative cleavage of the above b-lactams usng CAN afforded the N-unsubgtituted b-
lactams in high yidds The subsequent dkylation of the ring nitrogen of the 3.14 with
ethyl lromoacetate provided the ethyl carboxylate 3.16.

3.2 :  Introduction

The unique dructurd and chemotherapeutic properties of the b-lactam antibiotics
continue to aitract dtention of the synthetic community as they present a variety of
gynthetic chdlenges.  During the last few decades much of the effort was directed
towards developing new drategies for the dereosdective synthess of Db-lactam
antibiotics  The synthess usudly rdied on the prior condruction of a monocydic b-
lactan with an appropriate tether for ring closure. As a result of ther impressive
biologicd adtivity, polycydic b-lactams has become interesting targets for synthesis.

Haaneka and coworkers' reported the synthess of the O-2, 3-methoxy
isocephem  (e) via an inteemolecular acylation reection .The key Azetidinone- (a)
synthesized usng an Ugi condensation reaction, was converted to the PNB eder (b)
Deprotection to the acohol () followed by the treatment with 1,1*-carbonyldiimidazole
afforded the carbamate (d) which was cyclised on trestment with 2 equivdents of base
(scheme-3.1). The crude ester was then directly converted to the carbgpenem €) on
reaction with diazomethane.
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Merck researchers’ have reported the syntheses and antibacterid activities of a number of
C-2 ayl subdituted cabapenems (Scheme-3.2) Intramolecular Wittig dtrategy was
employed to provide the carbapenems (i) in 58-90%yidds.

Scheme -3.2
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CO,CH,CH=CH,
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Yoshida and coworkers reported a second preparation of the intermediate (), a materid
previoudy converted to 1-thighienamycin (m)*. Acyldaion of Azetidinone (j) with 2
equivdents each of P-nitro benzyl oxayl chloride and (i-Pr),NEt in CH,Cl, a —15 °C
gave k) in 77% yidd (scheme-3.3). Reductive cydization in toluene a 80 C for 1hr
with 5 equivalents of P (OEt) 3 afforded the penem (i) and the phosphorane (m).



Scheme-3.3
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3.3 . Present work

Fused bicyclic structural framework represent important substructures in many
natural products and the efficient synthesis of functionalized fused bicyclic rings
remains an important goal. With this goal in mind we carried out various

transformations on the b-lactams derived from D-glucose to offer key intermediates

for the synthesis of polycyclic b-lactams.

34 . Results and discussions

34.1 Preparation of theimine 3.4

The opticdly active ddehyde 3.3 was prepared from Diacetone-D-glucose (1.2) in 3
steps following a reported procedure’. This adehyde was converted into the imine 3.4 on
trestment with p-anisdine in methylene chloride a RT in presence of MgSOs (Scheme-
3.4). After completion of the reaction (TLC), the filtration and concentration of the
filtrate provided the imine 3.4, which was used as such for the [2+2] cycoaddition step
without further purification.



Scheme-3.4

0] (@)
HO
0 o HO
o) a) o b) o)
OHNYrQ ————> OACY '+ O —_— OACY "+ O
A S o
3.1

3.2 ©
1.2 '
PMP
oy s
o N
OACYy 'O O
c) d) OAC)" Q
—_— = ‘, =
o) “
O
3.3 34

Reagents and conditions: a) Ac,0,TEA,CH,CI,, b)50%agqHOAc,24hrs, c)NalO,,MeOH,
d)p-Anisidine,CH,CI,,MgSO,

3.4.2 Preparation of b-lactam 3.5

A solution of phenoxyacetyl chloride in methylene chloride was added to a solution of
the imine 3.1, trighylamine in methylene chloride & 0 °C under argon. The resulting
mixture was dlowed to warm up to rt and sirred overnight, after the usua workup and
purification by column chromatography, the product was isolated in 75% yidd (scheme-
3.5). The IR spectrum showed a sharp signd a 1747 cmi' corresponding to b-lactam
carbonyl sretching.

Scheme-3.5

PhOCH,COCI,TEA,CH,CI, PhO_ =
34
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35

The H NMR spectrum of this compound showed the presence of two singlets a 1.5 and
1.32 corresponding to the two methyls of the acetonide. The snglet a 2.0 could be
assigned to the acetate, while the methoxy of the p-anisyl appeared as snglet a 3.75.
The anomeric (H-3a) proton appeared as a doublet a 6.03 (J = 39 Hz). The H-3 b-
lactam proton appeared as a doublet @& 54 (J = 49 Hz). The H-4 b-lactam proton



gopeared as a dd a 4.74 (J = 4.9 Hz and 3.9 Hz). The H 6 proton of the sugar moiety
cameasadoublet & 5.65 (J= 3.9 Hz).

The BC NMR spectrum of this compound showed two signds corresponding to two
cabonyls. The b-lactam carbonyl was seen a 16294 while the acetate carbonyl
gopeared a 168.86. The methyl of the acetate appeared & 20.06 while the two methyls of
the isopropylidene were seen a 25.59 and 26.16. The OCHj3; of the p-anisyl gopeared a
54.84. All the other Sgnals gppeared at the expected regions.

The mass spectrum of this compound showed the molecular ion pesk M™  a 469 (5%),
the base peak was seen at 59 (100%).

3.4.3 Preparation of 6-hydroxy-b-lactam 3.6

This compound was prepared by two methods the fird method involves the base
catayzed cleavage of the acetate 3.5. The second method involves the use of Pd/C (10%)
catayzed cleavage of the dlyloxy compound 1.7h.

Method A

A methandlic solution of b-lactam 3.5 was tirred a 0 °C in presence of K,CO3 (Scheme-
3.6) till the disgppearance of the darting materid (TLC). The reaction mixture was
filtered through cdite and the filtrate was concentrated to get the 6-hydroxy-b-lactam 3.6

in quantative yied.
Scheme-3.6
K,CO4/MeOH
35 >
09 C, 30 min




Method B

A suspenson of b-lactam 1.7h and Pd/IC in MeOH was refluxed vigoroudy till the
disgppearance of the dating material (TLC). Filtration of the catdyst through a pad of
celite and concentrated gave propenyl ether 36a’. This vinyl ether was then subjected to
mCPBA?® in methylene chloride. Triethylamine was added after 15 min and stirred for 12
hrs. The reaction mixture on filtration through a short bed of slica usng methylene
chloride and concentration provided adcohol 3.6 in 90%yield as awhite solid.

The 'H NMR spectra of 3.6 obtained from both the methods were smilar. The IR
spectrum of this compound showed a strong band a 3400 cmi® corresponding to the
hydroxy stretching frequency and a strong band a 1743 cm® showing the b-actam
carbonyl sretching.

The 'H NMR of the product displayed a
broad hump a 25 indicating the presence
of the hydroxyl group. Two dngles a
1.30 and 1.46 were seen correspond to the
two methyls of the isopropylidene group.
The methoxy of the panisyl appeared as a 36

singlet & 3.79.

The H4 proton of the b-lactam gppeared as dd merging with the protons of sugar moiety

in the range of 4.49 to 4.65 and integrated for 4 protons. The H-3 protons of the b-lactam
agppeared as doublet a 542 (J = 54 Hz) and the anomeric (H-3a) proton of the sugar
resonated at 6.05 as doublet (J = 3.9 Hz). The ring protons of the p-anisyl gpopeared as
two set of doublets at 6.87 to 7.36.

The BC NMR spectrum of this compound showed a signd a 163.64 corresponding to
the b-lactam carbonyl carbon. All the signals gppeared at the expected regions.

The mass spectrd andyss showed molecular ion pesk a 427 (100%), which was dso
the base peak. This compound provided stisfactory dementd andyss.

3.4.4 Preparation of 6-Keto b-lactam 3.7

The 6-hydroxy b-lactam 3.6 was dissolved in anhydrous methylene chloride and added
drop wise to a suspension of the Dess Martin Periodinane reagent’. After completion of
the reaction (TLC, ca 2 hrs), the reaction mixture was filtered through a short bed of
dlica gd and then washed with sturaled solution of sodium thiosulphate and
concentrated to provide 6ketocompound 3.7 asawhite 0lid (Scheme-3.7).



The IR spectrum of this compound showed a srong band a 174546 corresponding to
the b-lactan cabonyl and ancther a 1704.96 typicd of ketone cabonyl dretching
frequency.

Scheme-3.7

DessMartin Periodinane
CHZCI o 2Hrs

3.6

The H NMR of the compound taken in CDCl; showed two singlets a 1.35 and 1.42
corresponding to the acetonide methyls. The methoxyl group of the p-anisyl showed a
gnglet a 3.81. The anomeric (H-3a) proton gppeared as doublet & 5.68 (J = 44 Hz).
The C-3 proton of the b-lactam seen as a doublet a 5.45 (J = 4.8 Hz), while the C4
praton appeared a 4.87 as a dd (J = 4.8 and 3.9 Hz). The H5 proton gppeared as a
doublet & 4.78 (d, J = 39 Hz). The panisyl and the phenoxy ring protons appeared in
the aromatic region 6.89-7.40.

The C NMR of the compound in CDCl; showed a signa a 208.23 corresponding to the
ketone. The b-lactam carbonyl carbon appeared a 162.70. The arométic carbons and the
sugar carbons resonated at the expected regions.

The mass spectrum showed the molecular ion pesk a 425 while the base pesk appeared
a 149. This compound showed sttisfactory dementa analysis.

3.4.5 Preparation of N-unsubstituted 6-Keto b-lactam 3.8

To a solution of 3.7 in acetonitrile, was added a solution of CAN® in water a 0 °C and
the reaction mixture was girred at that temperature for 1hr. After the completion of the
reection cold water was added to the reaction mixture and extracted with EtOAc and
after the usua workup and column chromatography the product was isolated as a gummy
substance in 93.33% yidd (Scheme-3.8).

The IR spectrum showed a broad band a 3300 corresponding to the NH sretching of the
b-lactam. The b-lactam carbonyl gppeared a 1778.25 as a strong band, while the ketone
gopeared a 1720.



Scheme-3.8
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The 'H NMR of this compound showed
two dngleés a 138 ad 148
corresponding to the two methyls of the
acgtonide. A broad dnglee a 6.75
corresponded to the NH proton of the N-
unsubgtituted b-lactam.

The H-3 proton gppeared & 543 as a doublet with a coupling congant 4.9 Hz, while the
H-4 appeared & 485 asadd (J = 4.8 Hz and 4.9 Hz). The H-5' proton resonated a 4.78
as a doublet with a coupling congtant 4.8 Hz, wheress the H- 68 appeared as a doublet a
413 (J=44H2).

The BC spectrum of the compound showed the signds due to C=O carbon of the b-
lactam a 166.72 while the other signa's were consistent with the structure.

3.4.6 Preparation of the methyl glycoside 3.9

A solution of 1.7h in MeOH was treasted with catdytic amount of PTSA and refluxed for
4 hrs. After the completion of the reection (TLC), the solvents were removed under
reduced pressure and residue was column chromatogrephed to get a anomeric mixture
(46:54) of methoxy compound 3.9 (Scheme-3.9). The IR spectrum of this compound
showed a broad band a 3400 confirming the presence of the hydroxyl group. The b-
lactam carbonyl-gtretching band gopeared a 1743.

The presence of two anomers was confirmed by H NMR spectroscopy. The two
anomers were separated by column chromatography. The spectrum of the minor isomer
showed asinglet at 3.30 in the*H NMR for the anomeric methoxy group.



Scheme-3.9
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The methoxy of the p-anisyl appeared a 3.85 as snglet. The anomeric proton appeared
as a doublet a 549 (J = 54 Hz). The dlyl group gppeared as two multiplets a 5.6 and
5.05. The H-4 b-lactam protons appeared as a dd (J = 54 Hz and 5.3 Hz) the other
protons of the sugar showed multiplets a 4.05 to 4.28 and 4.57 to 4.65. The ring protons
of the p-anisyl and phenoxy agppeared in the arométic region. The mgor anomer showed
a snglet & 350 corresponding to the anomeric methoxy group. The methoxy group of
the p-anisyl appeared a 3.85 as singlet. The other protons gopeared a their respective
regions and were consistent with the structure.

The BC NMR of the magjor compound was taken in CDChk, and shoved a sgna at
16393 corresponding to the b-lactam carbonyl. The methoxy a the anomeric postion
gopeared a 55.31, while the methoxy of the p-anisyl came a 56.23. The akene carbons
and the aromatic carbons appeared in their respective regions. The b-lactam and the
sugar carbons resonated in the diphatic region (60-100)

The mass spectrd andysis of this compound showed the molecular ion pesk a 441 (M™)
and the base peek a 77 (100%)

3.4.7 Preparation of the Diol 3.10

A solution of the b-lactam 1.7h in MeOH was treated with Pd/C and PTSA, and refluxed
for 24 hrs, after filtraion and usud workup, the crude product was column
chromatographed to give the pure diol 3.10 (Scheme-3.10).

Scheme-3.10
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The IR spectrum of 3.10 showed a strong band at 1753.17 cm* correponding to the b-
lactam carbonyl stretching. The *H NMR of this compound showed two sets of signdls
indicating the presence of two diastereomers (anomers). The anomeric raio was found to
be 4654 from the integration of the methoxy group a the anomeric postion. The
anomeric methoxy group of the minor isomer gopeared as a snglet & 3.80, while the
major gopeared a 3.50. The methoxy protons of the p-anisyl group gppeared as a Snglet
a 3.82 integrating for 6 protons. The hydroxyls a the G4 position appeared as two sets
of gnglets at 2.81 and 2.86, while the two sets of hydroxyls a the G3 postion gppeared
asdoubletsat 2.17 (J=4 Hz) and 2.25 (J= 3.9 H2).
The H-3 protons of the anomeric mixture of
b-lactams gppeared as a multiplet a 542
integrating for two protons. The twe
anomeric (H-5') protons appeared as two
sts of doubletls & 587 and 585 with
coupling congants (J = 3.5 Hz and 3.9 H2)

repectively.

The other protons appeared as complex sats of multiplets from 4.68 to 5.35 integrating
for 10 protons.

The C NMR spectrum of this compound was recorded in DMSO-ds, the methyl protons
of the two anomers gppeared a 5547 and 58.81. The C-3d (anomeric) carbons of the
mixture gppeared at 110.72 and 114.02. The two C-3 b-ladam carbons resonated at
7944 and 79.62, while the two C-4 cabons gave a sngle sgnd a 5944. The C-5
carbon gppeared as two sets of sgnds a 76.49 and 77.89. The b-lactam carbonyl carbon
gppeared asasingle sgnd a 164.09 for the two anomers.

The aromdic carbons gppeared in the region 11597 to 157.91 and were conssent with
the structure of the compound.

3.4.8 Preparation of the Diacetate3.11

A olution of the diol 310 in methylene chloride was treasted with acetic anhydride,
trithylamine, and catalytic amount of DMAP and sirred a RT for 3 hrs (Scheme-3.11).
After the completion of the reaction, it was quenched with saturated NH4Cl solution and



worked up in the usud manner. Filtration of crude product through a pad of slica gd
followed by concentration provided the pure diacetate 3.11 in quantitative yield.
Scheme-3.11

Ac,0, DMAP, CH,Cl,
3 hrs

3.10

The IR spectrum showed a strong band a 175317 cm™ corresponding to the b-lactam
cabonyl sretching. The 'H NMR of this compound showed two sets of signds
indicating the presence of two diastereomers (anomers). The anomeric ratio was found to
be 46:54 from the integration of the methoxy group a the anomeric postion. One of the
acetate gppeared as two dngles a 194 and 1.90 in the raio 46:54 indicating their
relative abundance. The other acetaie appeared as two sSnglets & 2.17 and 2.13 in the
sameratio.

The glycosdic methyl gppeared as two sats of
snglels a 326 and 352 in the rdio 46:54. The
methoxy of the p-anisyl group appeared as a
gnglet a 382 integrating for 6 protons. The H-3
protons of the b-lactam gppeared as a doublet at
5.65 (1H, J= 5.4 Hz). The two-anomeric protons
gppeared as two sets of doublets a 5.87 and 5.85 with coupling congtants (J = 3.5 Hz and

3.9 Hz) respectively. The other protons gppeared as complex sets of multiplets from 4.68
to 5.35 integrating for 10 protons.

The C NMR of the compound was recorded in CDCls and showed two sets of signdls.
The carbonyl of the acetate resonated a 167.46 and 166.58. The carbonyls of the b-
lactam appeared a 160.73 and 156.99. The anomeric ratio was found to be 46:54, wdl in
agreement with the *H NMR. The diastereomeric excess of the reaction was only 12%.
The two diastereomers could not be separated by column chromatography.

The mass spedrd andyss of the compound displayed the molecular ion pesk a 485
(3%). The base pesk appeared at 149 (100%).

10C



3.4.9 Preparation of N-unsubstituted b-lactam 3.12

A solution of CAN was added to an ice cooled solution of the diacetate 3.11 in
acetonitrile, stirred for 30 min & 0 °C, and then worked up as usud (Scheme-3.12).
Column chromatogrgphy of the crude compound provided the N-unsubdituted b-lactam
3.12in 95.23% yidd as aydlow gummy substance.

The TLC of this compound showed a sngle spot even after severd trids. The IR of this
compound showed a srong band a& 175317 cm™ corresponding to the b-lactam C=O
gretching frequency. The NH dretching of the b-lactam was observed as a strong band
a 3415.70 o™,

Scheme-3.12

CAN, CH,CN
311

0°Ctort, 1hr

3.12

The H NMR of this compound showed two sets of signas corresponding to a pair of
anomers. One of the methyl groups of the acetates appeared as two sats of snglets a
192 and 195 The other acetate appeared a 2.15 integrating for 6 protons. The
methoxyls a the anomeric postion appeared as two snglets a 340 and 345. At 4.13
two sets of merged dd were seen with J = 4.8, 4.9, 4.9, 6.0 Hz. Two triplets appeared at
453 (J = 69 Hz) and 4.7 (J = 6.4 Hz). A four-proton multiplet gppeared a 4.92 to 5.04.
One of the H3 ring protons of the b-lactam appeared at 5.74 as a doublet (J = 4.9 H2),
while the other gppeared a 5.78 as a doublet (J = 4.9 Hz). The two N-H protons
gopeared as a broad dnglet a 6.5 integrating for two protons. The 10 aromatic protons
resonated down field at 6.95 to 7.40 as a st of multiplets.

101



In the C NMR of this compound recorded in CDCls, the four-methyl groups of the
acetyls gppeared as two sgnas at 17.78 and 17.89. The two-anomeric methoxyl carbons
were appeared as two signals at 52.67 and 53.51. The C4 carbons of the two b-lactams
gopeared a 55.83 and 57.44. The C-3 carbons of the b-lactam appeared a 76.30 and
79.76. The anomeric (C-5') carbon appeared a 98.03 and 105.01. The 10 aromatic
carbons gppeared in the region 111.18 to 156.99. The carbonyl carbons of the b-lactam
resonated at 160.62 and 160.73. The four acetate carbonyls gave three Sgnds a 166.47,
166.58, and 167.46.

The mass spectrd andyss of the compound showed the molecular ion pesk a 379
(833%) and the base pesk a 149 (100%). This compound provided satisfactory
eementd andyss.

3.4.10 Preparation of N -unsubstituted b-lactam 3.13

A solution of CAN was added to an ice cooled solution of the b-lactam 1.7b in
acetonitrile, irred for 30min a0” C, and then worked up as usud (Scheme-3.13).
Column chromatography of the crude compound provided the N-unsubdituted b-lactam
3.12in 89%% yidd as awhite gum.

The IR of this compound showed a strong band a 1753.17 cm™® corresponding to the
Scheme-3.13

CAN, CH,CN
1.7b

0%Ctort, 1hr

b-lactam C=0 dgretching frequency. The NH dretching of the b-lactam seen as a strong
bend a 3415.70 omi™.

The *H NMR of this compound showed two singlets corresponding to methyl protons of
the acetonide a 1.39 and 1.56 integrating for three praons each. The H3 proton of the
b-lactam appeared a 5.29 as a doublet (J = 5.1 Hz), while the H4 resonated up- fidd a
430 asadd (J = 33 Hz and 5.1 Hz). The H-5 proton was seen asa dd a 4.49 (J= 3.3
Hz each). The H6' proton resonated a 4.17 & a doublet (J = 3.3 Hz), while the H6'a
was seen a 4.70 (d, 1H, J = 4.1Hz). The anomeric (H-3'a) proton gppeared a 6.01 as a

10z



doublet a 6.01 (J = 3.7 Hz). The two benzylic protons appeared as two sets of doublets
a 433 (J =114 Hz), ad a 4.63 (J =11.8 Hz), due to their diastereotopic nature. The N-
H proton gopeared as a broad singlet a 6.40. The 10 aromatic protons resonated down
field a 7.06 to 7.34 asa st of multiplets.

6.0 55 5.0 45 40

The ®C NMR of this compound was recorded in CDCls, and showed the two-methyl
carbons of the acetonide a 26.18 and 26.70. The G4 carbon of the b-lactam appeared at
5295, while the C-3 carbon of the b-lactam appeared downfield a 71.66. The anomeric
(C-3a cabon gppeared a 104.59. The 12 aromatic carbons gppeared in the region
1119410 157.21. The carbonyl carbon of the b-lactam resonated at 166.33.

The mass goectrd andyss of the compound showed the molecular ion pesk a 411
(17%) and the base pesk a 91 (100%). This compound provided satisfactory eementa
andyss.

3.4.11 Preparation of N -unsubstituted b-lactam 3.14

A olution of CAN was added to an ice cooled solution of the b-lactam 1.7h in
acetonitrile, stirred for 30min a 0 °C, and then worked up as usua (Scheme-3.14).

Column chromatogrgphy of the crude compound provided the N-unsubdituted b-lactam
3.12in 98.3% yield as awhite gum.

Scheme-3.14

CAN, CH,CN
1.79

0°C to rt, 1hr
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The IR of this compound showed a strong band a 1753.17 cm™ correspondiing to the
b-lactam C=0 dretching frequency. The NH dretching of the b-lactam was observed as
astrong band at 3415.70 cmi™.

T T

6.0 5.5 5.0 45 4.0

The H NMR of this compound showed two singlets corresponding to methyl protons of
the acetonide a 1.34 and 1.51 integrating for three protons each. The H3 proton of the

b-lactam appeared & 5.35 as a doublet (J = 4.9 Hz), while the H4 resonated up- fidd a
425 asadd (J = 49 Hz, 34 Hz). The H5 proton was seen asa dd a 4.42 (J = 34 Hz).
The H6 proton resonated a 4.02 as a doublet (J = 34 Hz), while the H-6'a was seen a
459 €, 1H, J = 3.9 Hz). The anomeric (H-3'a) proton gppeared & 5.94 as a doublet (J =
39 Hz). The 5 dlylic protons gppeared as three sets of multiplets at 4.12, 5.71 and 5.94.
The N-H proton gppeared as a broad snglet a 6.35. The 5 aromatic protons resonated
down fidd & 7.01 to 7.36 asa set of multiplets.

The 3C NMR of this compound was recorded in CDCl;, and showed the twomethyl
carbons of the acetonide a 26.21 and 26.76. The G4 carbon of the b-lactam appeared at
5227, while the C-3 carbon of the b-lactam appeared downfield a 70.03. The anomeric

(C-3@) carbon appeared a 104.28. The 6 aromatic carbons and the two olefinic carbons
gopeared in the region 111.01 to 157.43. The carbonyl carbon of the b-lactam resonated
a 166.43.

The mass gectrd andyss of the compound showed the molecular ion peek a 363 (29%)
and the base pesk a 149 (100%). This compound provided stisfactory eementd
andyss.

3.4.12 Preparation of N -unsubstituted b-lactam 3.15
A olution of CAN wes added to an ice coled solution of the b-lactam 35 in
acetonitrile, stirred for 30 min a0 °C, and then worked up a usud (Scheme-3.15).
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Column chromatogrgphy of the crude compound provided the N-unsubdituted b-lactam
3.12in 77.77% yidd as a white gum.
Scheme-3.15

CAN, CH,CN
35

0°C to rt, 1hr

The IR of this compound showed a strong band a 1753.17 cm™ corresponding to the

b-lactan C=0 dretching frequency. The NH sretching of the b-lactam was seen as a
srong band a& 341570 cm™. The H NMR spectrum of this compound showed two
gnglets integrating for three protons each, a 1.33 and 1.54 for twomethyl groups of the
acetonide. The methyl protons of the acetate resonated a 2.07 as a snglet. The H-3
proton was observed a 5.36 as a doublet (J = 45 Hz). The H3a and H6'a were seen
downfield at 5.90 and 5.26 as two doublets (J= 3.4 Hz each).

The H-4 resonated up fidd a& 45 asadd

(J = 45 and 34 Hz). The other protons
reonaed a 4.09 to 418 as multiplet.
The NH proton appeared downfidd at
6.47 as a broad snglet. The 5 aromatic
protons resonated & 7.01 to 7.35 as a

complex multiplet.

Inthe C NMR spectrum of this compound, two carbonyl carbons of the acetate and the
b-lactan carbonyl resonated a 169.26 and 166.54 respectivdly. The aromatic carbon
attached to oxygen gopeared a 157.21.

The methyls of the acetonide appeared & 2598 and 26.42. The methyl carbon of the
acetate resonated at 20.39. The C-3 and C-4 carbons were observed a 76.41 and 52.59.
All the other carbons resonated in the expected regions and were corsigtent with the
dructure of the compound.

The mass spectrum of the compound showed the molecular ion pesk a 379 (8.33%), and
the base peak at 149 (100%).
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3.4.13 Preparation of N -ethyl carboxylate 3.16

A olution of b-lactam 3.12 in anhydrous THF was alded to 50% suspension of NaH in
minerd 0 °C oil a and refluxed for 2 hrs The reaction mixture was then cooled to 0 °C
and ethyl bromoacetate was added. The reaction mixture was then refluxed gently for 8
hrs. After the usud workup and column chromatogrgphy compound 3.16 was obtained
an ail (Scheme-3.16).

Scheme-3.16

O \\\\o><
Prol BA L
G
N O
o
3.161
=

O™ ort N\

BrCH,COOEt, NaH, THF
3.14

The IR spectrum showed the presence of two carbonyl pesks. The b-lactam carbonyl
appeared a 1749 cmi* while the ester carbonyl was observed a 1730 cm™.

The H NMR of this compound was
recorded in CDCk, the two methyls of
the isopropylidene were merged with
the triplet of the ethyl ester and seen as
a multiplet integraing for 9 protons
The methylene on the nitrogen
reonated a 150 a a dgngle
integrating for 2 protons.

The H-3 b-lactam proton appeared at 5.42 as a doublet (J = 4.9 Hz). The H4 b-lactam

proton appeared as a dd (J = 4.9 Hz and 3.9 Hz). A complex set of multiplets gppeared
from 400 to 456 integrating for 6 protons (incdusve of the dlyl). The dlyl protons
appeared as three sets of multiplets a 5.10 and 5.65 and the third set a 4.00 to 4.56. The
H-3 a (anomeric) proton resonated a 5.92 as a doublet (1=3.9 Hz)

The ®C NMR spectrum of 3.16 showed the b-lactam carbonyl carbon a 16566 while
the ester appeared & 167.64. The methyl of the ester gppeared up fidd a 13.78, while
those of the acetonide resonated at 25.94 and 26.46. The (OCH,) methylene of the ester
gopeared a 4245, while the dlyl CH2 resonated at 57.08 and CH> on the nitrogen
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gopeared a 6105 The other dgnds agppeared a the expected regions and were
condgent with the dructure of the compound. The mass spectrd andyss of this
compound showed both the molecular ion pesk M™ and the base peek at 447 (100%).

In an effort to synthesze nove polycydic compounds with b-lactam backbone,
we envisaged tha the b-lactams derived from D-glucose would be suitable precursors.
Therefore, an attempt was made to synthesze polycyclic b-lactams by ring dosing
metathess (RCM) using Grubb's catayst. However, the b-lactam 1.7 faled to undergo
RCM under dandard conditions (Scheme-3.17), in dl probability due to the dran

involved in the formation of a 9 membered ring sandwiched between a four membered
and afive membered ring.
Scheme-3.17

Grubb's catalyst, CH,Cl,

i ¥H

Ny O
O 1.7 L
N\

N\
We then focused our atention on the b-lactam 1.7g, where sufficient deprotection of the
dlyl and the PMP could provide a tether for cydizaion. The isomerisaion of the dlyl
ether followed by the remova of the propenyl ether usng mCPBA in methylene chloride
afforded the 6-hydroxy b-lactam 3.6. The hydroxyl group was then oxidized to ketone

3.7 using DMP (Scheme-3.18).
Scheme-3.18

oK

an QO
i) Pd/C, MeOH,reflux
i)mCPBA, CH,CI,

i) DessMartinPeriodinane
N\ V)CAN, CH,CN,0°C -RT

PhO._Z

107



The panisyl of 3.7 was oxidaivey deaved to give the N-unsubdituted b-lactam 3.8.
Oxidetive dearyldion of the p-anis was carried out usng CAN on the b-lactams 1.7b,
1.7h, and 3.5 to get the respective Nunsubgtituted b-lactams. An atempted acylation of
these b-lactams with oxdyl chloride and DIPEA, followed by the addition of dlyl
aoohal faled to provide the corresponding N-acylated dlyl esters (Scheme-3.19).

Scheme-3.19

|\\O

PhO_z

OR CAN, CH;CN, i) Oxalylchloride, DIPEA
—_—

N
o/ “pmp  0°C to RT, 1hr o ii) Allyl alcohol
1.70 R=Bn _
1.7g R = Allyl 3.14R=Bn o
35 R=A 1.7h R = Allyl 3.18
: =AC 3.5 R=Ac ' H

It was dso envisaged that use of ethyl mdonyl chloride for Nacylaion of 3.5 shauld in

one sep provide a polycydic sysem. But to our dismay no reection was observed and
the starting materia was recovered (Scheme-3.20).

Scheme-3.20

Based on these results we thought that the akylation of the b-lactam nitrogen would be

more feasble, with a sronger base than the acylatiion. Hence the akylation of 3.14 was
caried out usng ethyl bromoacetate and NaH in THF; the reaction proceeded smoothly

in 70%yidld and afforded the corresponding N -ethyl carboxylate as oil (Scheme-3.21).
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Scheme-3.21

The compound 1.7h was converted into a mixture of methyl glycosdes 3.7, by refluxing
with PTSA in MeOH and the two anomers were separated by column chromatography
(Scheme-3.22).

Scheme-3.22

PTSA, MeCH,

O _—

reflux.
(0] PMP
1.7h \

In a gmilar way the compound 1.7h on refluxing with Pd/C, and PTSA in MeOH
provided a mixture of methyl glycosdes 3.10 in the ratio 46:54. The two anomers could
not be separated by column chromatography (Scheme 3.23).

Scheme-3.23

_OK .OMe

il “w
PhO o PhO_ 3 °H pho -
Pd/C, PTSA, MeOH,
(0] > OH +
reflux. N
o) PMP o) PMP o
1.7h \
3.10

It was thought that the derivatisstion of the diol to its diacetate (Scheme-3.24) could help
in the seperdtion of the two compounds, but unfortunately the two anomers could not be
separated on TLC even after severd e utions with non-polar solvents

The diacetate was therefore subjected to oxidative cleavege by CAN giving the N-
unsubdtituted b-lactam, but again the two anomers were of the same polarity and could
not be separated.
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Scheme-3.24

i)Ac,0,DMAP, CH,Cl, PhO:

i)CAN, CH,CN, 0°C OAc

3.10
Unde gmilar reactions conditions of Pd/IC, PTSA in refluxing MeOH the didlyl

3.12 H

compound 1.71 was envisoned to provide a diol with N- unsubdituted b-lactam
(Scheme-3.25). But to our dismay we found tha the N-dlyl remaned intact under the
reaction conditions, only the O-dlyl and the acetonide got deprotected under reection
conditions providing an insgparable mixture of anomers.

Scheme-3.25

-

|I\O

T

PhO_Z
Pd/C, PTSA, MeOH

H
(@]
o N reflux
1.71 N o
N\

35 . Conclusion
Various b-lactam derivatives were synthesized to serve as precursors for polycyclic ring

systems with a b-lactam core However, atempts to cyclize these derivatives to
polycyclic compounds were unsuccessful.
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3.6 . Experimental
All dry reections were peformed under an inet amosphere of argon, using freshly
didilled, degessed solvents. THF was freshly didilled over sodium benzophenone ketyl.
Dichloromethane was dried over anhydrous P Os., Pd/C (10%) was purchased from
Aldrich, USA and used as received.
Synthesis of 3-O-Acetyl-1, 2: 5,6-diisopropylidene-a -D-glucofuranose 3.1

To a solution of the diacetonide 1.2 (26 g, 10 mmol) in anhydrous methylene
chloride (50 ml), a& 0 °C were added triethylamine (303 g, 4.18 ml, 30 mmol), acetic
anhydride (1.22 g, 1.13 ml, 12 mmol) and a cataytic amount of DMAP. The mixture was
dirred fa 3 hrs, quenched with sat. NH4Cl soln .The organic layer was separated and
washed severd times with water, and sat. Brine soln, dried over N&SO, and
concentrated to get the crude acetate, which was then purified by column
chromatography to get 3.1 asa whitesolid (m. p  2.91 g, 96.55%).

IR (CHCL) . 174739
Y NMR (CDCly): : 1301554 s 12H, 4 methyls), 210 (s 3H,0Ac), 404 (d,
(200 MH2) 1H, J = 49 Hg), 419 (m, 2H), 448 (d, 1H, J = 34 H2),

5.22 (d, 1H,J=2Hz), 5.86 (d, 1H, J= 39 H2)

Synthesis of 3-O-Acetyl-1, 2-O-isopropylidene-a -D-glucofuranose 3.2

291gm (9.63mmal) of 3.1 3-O-Acetyl-1, 2 56 d —O-isopropylidene a-D-
glucofuranose was dissolved in 20ml of agueous acetic acid (50%v/v) and dirred for
24hrs a RT. The solvents were removed under reduced pressure. The mass that remains
was dissolved in CHCE and washed repeatedly with water, Saturated sodium bicarbonate
solution, and sauraied Brine solution, dried over NaSO,4 and concentrated to get 2.096
g (83.33%) of white solid 3.2 which was used as such for the next reaction without
further purification.

IR (CHCly) © 346392 (br), 1737.74 (9
'H NMR (CDCly : 130 (s 3H), 150 (s 3H), 215 (s 3H, OAc), 350 (s 2H,
(200 MH2) br, OH), 3.69 (m, 2H), 3.84 (m, 1H), 414 (dd, 1H, J = 2.9

Hz, 2.4 Hz), 456 (d, 1H, J = 39 Hz), 526 (d, 1H, J = 24
Hz),5.89 (d, 1H, J=35H2)
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Synthesis of 3-O-Acetyl 1, 2-O-isopropylidene-a -D-xylo pento-dialdofuranose 3.3

To a olution of the diol 3.2 (200 g, 9.08 mmoal) in a mixture of MeOH (25 ml)
and water (25 ml) was added NalO4 (291 g, 13.6 mmoal) in smdl portions. The white
suspenson was dirred for an additiond 30 min, filtered through a pad of celite and freed
of solvents in vacuum. The white resdue was then extracted with EtOAc and the
combined organic extracts were dried and filtered. Eveporation of the solvent under
reduced pressure afforded the pure ddehyde 3.3 (1.35 g, 100%) and was used for the

next step without any purification

IR (CHCl) 171267, 1747.39, 2987.53

'H NMR (CDCl9 : 133 (s 3H), 151 (s 3H), 204 (s 3H), 459 (d, 1H, J= 34
(200 MHz) Hz), 4.73 (d, 1H, J = 34 Hz), 549 (d, 1H, J = 39 Hz), 6.08

(d, 1H, J= 39 Hz), 9.64 (d, 1H, J=09 H)

Synthesisof imine 3.4

To a lution of the paniddine (0.165 g, 1.34 mmoal) in CH.Ch, and anhydrous
MgSO, (0.31 g), was added a solution of the ddehyde 3.3 (031 g, 134 mmad) in
CH2Cl2. The mixture was stirred for 68 hrs (TLC). The mixture was filtered through a
pad of cdite in a dntered glass crucible. The filtraie was concentrated to get the imine
3.4 (045 g, 1.34 mmol) which were used as such for the b-lactam reaction.

Synthesis of Acetic acid 5-(1-(4-methoxy phenyl)- 4-oxo-3-Phenoxy azetidin-2yl)-2’,
2'-dimethyl tetrahydrofuro [2', 3'-d][1’, 3'] dioxol -6’ yl-ester 3.5

A lution of the phenoxyacetyl chloride (0343 g, 0277 ml, 201 mmoal) in
anhydrous methylene chloride 10 ml was added to a solution of the imine 3.4 (045 g,
1.34 mmol) and triethylamine (0.610 g, 0.84 ml, 603 mmol) in CH>Cl> (20 ml) & 0 °C.
After the addition was completed the reaction mixture was alowed to warm up to room
temperature and girred for 15 hrs. The reaction mixture was then washed with water,
saurated sodium bicarbonate solution, saturated brine solution. The organic layer was
then dried over anhydrous Na&SOa, and concentrated to give the crude b-lactam that was
then purified by column chromatography to get 3.5 as awhite solid (75%).
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M.P - 171°C

[a]p® . -23564, (C=1, CHCly)

IR (CHCL) . 174739

'H NMR (CDCI9 : 135(s 3H), 150 (s 3H), 205 (s 3H) 3.80 (s 3H), 457 (d,
(200 MH2) J= 39 Hz), 462 (d, 1H, J = 5.4 HZ), 468 (dd, 1H, J = 3 Hz,

35 Hz), 5.33(d, 1H, J = 49 Hz), 564 (d, 1H, J = 29 H2),
6.02 (d, 1H, J= 39 Hz), 6.89-7.25 (m, 9H, Ar).

BC NMR 2006, 2569, 2616, 5484, 5792, 77, 7913, 7961, 8283,
(CDCly) : 10402, 11166, 11354, 11571, 11920, 12232, 12916,
13048, 156.18, 157.02, 162.94, 163.86.

Ms 469 (5%), 59 (100%)
Analysis . Cdoulated: C: 63.94, H: 5.80, N: 2.98
CosH 7NOg Found: C: 64.06,H: 597,N: 312

Synthesis of the (3S, 4R, 5R, 6S, 7R, 8R) 4-(2,2-Dimethyl-6-propenyloxy-tetrahydro-
furo [2,3, -d][1,3] dioxol-5yl)-1-(4-methoxy-phenyl)-3phenoxy-azetidin-2-one 3.6a
The b-lactam 1.7h (0.94 g, 20 mmol) was trested with RVC (0.0%4 g) in MeOH
(20 ml) and the suspenson was refluxed vigoroudy till the disgppearance of the starting
materid (~24 hrs). The catdys was filtered through a pad of cdite and the solvent
evgporated under reduced pressure to afford awhite solid 3.6a(90%).
'HNMR (CDCls) : 133 (s 3H, 150 (s 3H), 157 (d, 3H, J = 58 Hz), 381 (s
(200 MHz2) 3H), 447-472 (m, 3H), 487 (g, 1H, J = 6.8 Hz), 540 (d,
1H, J = 49 Hz), 582 (d, 1H, J = 7.4 Hz), 607 (d, 1H, J =
35 Hz), 6.87-7.75 (M, 9H).

Synthesis of (3S, 3a’, 4R, 5R, 6S, 6a’R, 8R)}4-(6'-hydroxy-2', 2 dimethyl
tetrahydrofuro [2', 3'(d)[1’, 3'] dioxol-5'yl)-1-(4-methoxy phenyl)-3-Phenoxy-azetidin-
2-one 3.6

The vinyl ether 36a (0817 g, 1.75 mmol) was dissolved in anhydrous methylene
chloride (15 ml) and added (0.603 g, 1.75 mmol) mCPBA (50%). triethylamine (0.5 ml)
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was added after 15 min and dirred for 12hrs. Upon filtration through a short bed of slica
usng methylene chloride and evgporaion of the solvent under reduced pressure the
doohal 3.6 was obtained as awhite solid (0.67 g, 91%).

MP : 162 °C

[a]o® : -211.25 (C = 1, CHCh)

IR (CHCL) : 1751, 3250

'H NMR 1.30 (s, 3H), 146 (s 3H), 250 (s 1H), 3.79 (s 3H), 448

(CDCly) : 469 (m, 4H), 5.39 (d, 1H, J = 5.4 Hz), 6.8 (d, 1H, J= 39

(200 MH2) Hz), 6.84-7.71 (m, 9H, Ar).

BC NMR 2616, 2672, 2955, 5539, 7542, 7939, 8156, 8560,

(CDCly) : 10464, 11177, 11409, 11582, 12001, 12258, 12960,
131.03, 156.80

Ms ; M™ 427 (100%)

Analysis ; Cdculaed: C: 64.61, H: 5.89, N: 3.27

C2H=NO7 Found:  C:64.31, H: 6,00, N: 343

Synthesis of (3S, 3a'R, 4R, 5R, 6a’'R)-4-(2’, 2' dimethyl-6’-oxo- tetrahydrofuro [2', 3-
dJ[1", 3'] dioxol-5'yl] 1-(4-methoxy phenyl)-3-Phenoxy-azetidin-2-one 3.7

A solution of 3.6 (0.210 g, 049 g) in anhydrous methylene chloride was added
drop wise to a sugpenson of Dess Matin Periodinane (0.417 g, 0.98 mmoal) in methylene
chloride (20 ml). After 2 hrs the reaction mixture was filtered through a short bed of
dlica gd and then the dutant was washed with saturated solution of sodium thiosulphate.
It was dried (Na&SO,) and filtered and filtrate upon concentration gave 6-keto compound
3.7 asawhite solid (0.198 g, 95%).

MP : 176°C
[a]o” ; +22.20 (C = 1, CHCl3)
IR (CHCly) : 1744.46, 170496
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'H NMR : 1.35 (s, 3H), 142 (s 3H), 381 (s 3H, OMe), 412 (d,

(CDClg) 1H, J = 44 Hz), 476 (d, 1H, J = 39 Hz), 483 (dd, 1H, J

(200 MHz) = 36 Hz, 44 Hz), 543 (d, 1H, J = 4.8 Hz), 566 (d, 1H, J
= 44 Hz), 6.88:7.39 (M, 9H, Ar)

BC NMR : 2616, 2672, 2955, 5539, 7542, 79.39, 8156, 8560,

(CDCl3) 10464, 11177, 11409, 11582, 12001, 12258, 12960,
131.03, 156.80

Ms : 425 (29%), 149 (100%).

Analysis : Cdculated: C: 64.919, H: 5452, N: 3294

C2H2NO7 Found: C: 65.00, H: 564, N: 346

Synthesis of (3S, 32'R, 4R, 5R, 6a’ R)-4-(2', 2'-dimethyl-6’-oxo tetrahydrofuro[2’,3-
d][1’,3']dioxol-5' yl)- 3 -Phenoxyazetidin-2-one 3.8

To a solution of 3.7 (0.1 g, 0.23 mmoal) in acetonitrile (10 ml), was added a
solution of CAN (0.38 g, 0.7 mmol) in water a O %C and the reaction mixture was stirred
a that temperature for 1 hr. After the completion of the reaction, cold water was added to
the reaction mixture and extracted with EtOAc (3x30 ml) and the combined organic
layers were washed with 5% sodium bicarbonate solution, 10% sodium sulphite solution
folowed by 10% sodium bicarbonate solution, dried over NaSO,; and filtered. The
filrate was concentrated and column chromatography of the crude provided the product
3.8 asagum (0.07 g, 93.33 %).

MP : Gum

EN S : +32.72 (C = 1, CHCly)

IR (CHCL) : 421417, 3413, 3018, 2927, 2401, 1778.25

'H NMR(CDCl3) : 138 (s, 3H), 148 (s, 3H), 413 (d, 1H, J = 44 Hz), 478
(200 MHz) (d, 1H, J = 48 Hz), 543 (d, 1H, J = 49 Hz), 569 (d, 1H,

J=44, Hz), 675 (br, s, 1H), 7.04 -7.37 (m, 5H, Ar).

BC NMR ; 27138, 2062, 5495, 7516, 76.71, 8145 10313, 114.24,
(CDCly) 115,52, 11596, 123.02, 129.75, 157.10, 166.72, 166.87.
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Analysis : Cdculaed: C: 60.16, H: 5.36, N: 4.38
CiH 7NOsg Found: C: 60.32, H: 543, N: 455

Synthesis of (3S, 4R, 2'R, 3'S, 4 R)-4-(3’-Allyloxy-4’-hydroxy-5’-methoxy-tetrahydro-
furan-2'yl)-1-(4-methoxy-phenyl)-3-Phenoxy-azetidin-2-one 3.9

A solution of 1.7g (0.33 g, 0.7 mmoal) in MeOH was treated with catalytic amount
of PTSA and refluxed for 4 hrs. After the completion of the reaction (TLC), the solvent
was removed under reduced pressure to afford the crude compound, which was column
chromatographed to get 3.9 as a mixture of anomers in the ratio 46:54 (yidd 029 g,

93.54%).

MP : Gum

[a]p® : -132.17 (c = 0.5, CHCl3)

IR (CHCL) : 3400, 1743

'H NMR : 217 (d, 1H), 2.25 (d, 1H, J = 39 Hz), 267 (s 1H), 2.86

(CDClg) (s 1H), 340 (s, 1H), 355 (s 3H), 3.85 (s, 6H), 4.19 (1H,

(200 MHz) m), 420 (1H, d, J = 3.4 Hz), 443 (m, 1H), 452 (m, 1H),
466 (m, 2H), 4.85 (s, 1H), 5.09 (d, 1H, J = 44 Hz), 542
(m, 2H), 6.80-7.75 (m, 18H, Ar)

BC NMR : 5547, 5881, 5944, 7587, 7587, 7649, 7789, 7944,

(DM SOd9 7962, 8050, 8341, 10847, 11072, 11402, 11597,
119.87, 122.26, 129.72, 131.45, 156.22, 157.91, 164.09

Ms : 401 (5%), 369 (1%), 189 (2%), 165 (8%), 149 (23%),
134 (9%), 95 (16%), 69 (40%), 57 (100%).

Analysis : Cdculaed: C: 65.28 H: 6.16, N: 3.17

CaH zNO; Found:  C:6544,H:6.30,N: 3.9

Synthesis of (3S, 4R, 2’R, 3'S, 4 R)-4-(3', 4 -Dihydroxy-5’-methoxy-tetrahydro-furan-
2'yl)-1-(4-methoxy phenyl)-3-Phenoxy-azetidin-2-one 3.10

A solution of the b-lactam 1.7h (1.77g, 3.79 mmoal) in 20 ml MeOH was treated
with 10%Pd/C (0.177 g) and PTSA (0177 g), and refluxed for 24hrs. After the
completion of the reection the catayst was filtered and the filtrate concentrated on the
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rotary evgporator to get the crude product was column chromatographed to give (1.24 g,
82%) of the purediol 3.10 as awhitesolid.

MP : 158-159°C

[a]p? ; -117.20 (c = 0.90, CHCly)

IR (CHCL) : 3400, 1749

'H NMR : 170 (s 1H), 217 (d, 1H, J= 4 Hz each), 225 (d, 1H, J =
(CDCly) 39 Hz), 281 (s 1H), 286 (s 1H), 380 (s 3H, minor),
(200 MH2) 350 (s, 3H, mgor), 380 (s 6H), 419 (m, 2H), 4.37(m,

1H), 452 (m, 1H), 466 (m, 3H), 5.11 (d, 1H, J = 44 Hz
each), 4.90 (s, 1H), 5.42 (m, 2H), 6.60 (M, 18H)

BC NMR . 5547, 5881, 5944, 7587, 7649, T7.89, 7944, 7962,

(DM SO-Dg) 8050, 8341, 10347, 11072, 11402, 11597, 122.26,
129.72, 13145, 156.22, 157.91, 164.09

Ms . 401 (5%), 369 (1%), 189 (2%), 165 (8%), 149 (23%),
134 (10%), 95 (16%), 69 (40%), 57 (100%)

Analysis . Cdculaded: C: 6282, H: 5.77,N: 349

CxH zNO; Found:  C: 6299, H: 585, N:366

Synthesis of Acetic acid4-acetoxy-2-methoxy-5- [1'-(4'-methoxy-phenyl-)-4'-oxo-3’-
phenoxy-azetidin-5yl)-tetrahydrofuran-3-yl-ester 3.11

A solution of the diol 3.10 (0.35 g, 0.87 mmal) in methylene chloride was tregted
with acetic anhydride (0.24 ml, 261 mmol), triethylamine (0.729 ml, 523 mma) and
catalytic amount of DMAP and dirred a RT for 3 hrs. After 3hrs the reaction was
quenched with saturated NH,Cl solution. The organic layer was then separated and
washed thoroughly with water, sat brine soln, dried over NgSO,, filtration through a pad
of dlica followed by evaporation of the solvent provided the pure diacetate 3.11 (04 g,

95.23%).
MP : Gum

[a]p® : -76.628 (C = 0.89, CHCh)
IR (CHCl) ; 175317
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'H NMR : 185 (s 3H, minor), 1.90 (s 3H, mgor), 215 (s 3H,

(CDCl3) mgor), 220 (s 3H, minor), 3.25 (s, 3H, OMe, minaor),

(200 MH2) 350 (s 3H, mgor), 480 (s 6H), 467-4.88 (m, 4H), 492
(s 1H), 500 (m, 2H), 521 (d, 1H, J = 44 Hz), 530 (M,
2H), 5.26 (d, 1H, J= 5.4 Hz).

BC NMR : 17.78, 2690, 2667, 5351, 55.83, 5744, 7299, 7373,

(CDCly) 7435, 7472, 7498, 7630, 76.78, 9803, 10501, 111.26,
11324, 11718, 11765 12008, 12692, 12791, 154.01,
154.19, 154.78, 156.99, 160.73, 166.58, 167.46.

Ms : 485 (2%), 149 (100%),
Analysis : Cdculated: C: 61.83, H: 5.60, N: 2.88
CosH 7NOg Found: C: 61.99, H: 5.80, N: 297

Synthesis of Acetic acid4-acetoxy-2-methoxy-5- (-4'-0xc6-3’ phenoxy-azetidin-2yl)-
tetrahydrofuran-3-yl-ester 3.12

To a solution of 3.11 (0.42 g, 0.86 mmoal) in 20 ml acetonitrile, was added a
solution of CAN (142 g, 259 mmol) in water & 0 °C and the reaction mixture was
dirred a that temperature for 1 hr. After the completion of the reaction cold water was
added to the reaction mixture and extracted with EtOAc (3x40 ml) and the combined
organic layers were washed with 5% sodium bicarbonate solution, 10% sodium sulphite
solution followed by 10% sodium bicarbonate solution, dried over NaSO, and filtered.
The filtrate was concentrated and column chromatography of the crude provided the
product as a gummy substance (0.23 g, 71.87 %).

MP : Gum
[alo” : -93.32 (c =0.60, CHCI3)
IR (CHCL) : 3415, 329805, 3020.32, 175317
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H NMR

(CDCl3)
(200 MH2)

BC NMR
(CDCI3)

Ms
Analysis
C18H 2NOg

190 (s 3H), 195 (s 3H), 2.15 (s 6H), 3.40 (s 3H), 345
(s, 3H), 4.13 (2H, two dd's merged, J = 4.8, 4.9, 4.9, 6.0
Hz), 453 (t, 1H, J= 6.9 Hz), 47 (t, 1H, J = 6.4 Hz), 492-
504 (4H, m), 514 (d, 1H, J = 4.3 Hz), 523 (m, 2H), 552
(d, J= 64 Hz), 574 (d, 1H, J= 49 H2), 578 (d, 1H, J =
49 Hz2), 6.5 (br, s, 2H, NH), 6.95-7.40 (m, 10H, Ar)

17.78, 1789, 5267, 5351, 5583, 5744, 7299, 7373,
7435, 7472, 7498, 7630, 79.76, 9803, 10501, 111.18,
11126, 11324, 11339, 11718, 11765 11997, 120.08,
12692, 12791, 12813, 15401, 15419, 15478, 156.99,
160.62, 160.73, 166.47, 166.58, 167.46.

379 (9%), 149 (100%),

Cdculated: C: 56.97, H: 5.58, N: 3.69

Found: C: 5712, H: 567, N: 382

Synthesis of (3S, 3a'R, 4R, 5R, 6S, 6a R)-4-(6'-Benzyloxy-2', -2'—dimethyl-
tetrahydrofuro[2,3,d][1,3],dioxol -5yl)-3-phenoxyazetidin-2-one 3.13

To a solution of 1.7b (0.2 g, 0.38 mmol) in acetonitrile, was added a solution of
CAN (063 g, 1.16 mmol) in water a 0 °C and the reaction mixture was dtirred at that
temperature for 1 hr. After the completion of the reaction cold water was added to the
reaction mixture and extracted with EtOAc (3x30 ml) and the combined organic layers
were washed with 5% sodium bicarbonate solution, 10% sodium sulphate  solution
folowed by 10% sodium bicarbonate solution, dried over Na&SOs4 and filtered. The
filtrate was concentrated and column chromatography of the crude provided the product
3.13 asagummy substance 8%% yidd.

MP

[a o2

IR (CHCh)

137°C
-190.70 (¢ =1, CHCly)
3405, 3285, 3020.32, 1749
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H NMR 1.39 (s, 3H), 156 (s 3H), 417 (d, 1H, J = 3.3 Hz), 4.30

(CDCl3) (dd, 1H, J = 3.3 Hz, 5.1 Hz), 433 (d, 1H, J = 11.4 H2)

(200 MHz) 450 (dd, 1H, J = 33 Hz each), 463 (d, 1H, J = 11.8 H2),
470 (d, 1H, J = 410 Hz), 529 (d, 1H, J = 5.1 Hz), 601
(d, 1H, J=3.7 Hz), 6.40 (s, 1H), 7.06-7.34 (m, 10H, Ar)

BCNMR : 2618, 26.70, 5295, 7166, 80.63, 80.85 8197, 8231,
(CDCI3) 10459, 11194, 11539, 12220, 12733, 127.85 12835,
12940, 136.97,157.21, 166.33
Ms ; 411 (5%), 368 (3%), 275 (58%), 217 (22%), 161 (38%),

149 (70%), 91 (100%y),
Analysis : Cdculaed: C: 67.14, H: 6.12, N: 340

Found: C: 67.40, H: 2.35, N: 359

Synthesisof (3S, 3a'R, 4R, 5R, 6S, 6a’R) 4 -(6'-Allyloxy-2’, 2'—dimethyl-tetrahydrofuro
[2',3,d][1, 3], dioxol-5yl)-3-phenoxy-azetidin-2-one 3.14

To a solution of 1.7h (0.23 g, 049 mmoal) in acetonitrile, was added a solution of
CAN (081 g, 147 mmol) in water & 0 °C and the reaction mixture was stirred a this
temperature for 1 hr. After the completion of the reaction cold water was added to the
reaction mixture and extracted with EtOAc (3x30 ml) and the combined organic layers
were washed with 5% sodium bicarbonate solution, 10% sodium sulphate  solution
followed by 10 % sodium bicabonate solution, dried over N&SO4 and filtered. The
filtrate was concentrated and column chromatography of the crude provided the product
3.14 asagummy substance (0.175g, 98.3%).

MP : Gum

[a]o® : -189.20 (c = 0.60, CHCly)

IR (CHCl) : 3410, 3289, 3011, 1751.23

'H NMR : 1.34 (s 3H), 1.51 (s 3H), 3.79 (dd, 1H, J = 54 Hz each),
(CDCly) 402 (d, 1H, J = 34 Hz), 425 (dd, 1H, J = 49 Hz, 34
(200 MHz) Hz), 444 (d, 1H, J = 34 Hz each), 459 (d, 1H, J = 39

Hz), 5.12 (m, 2H), 5.28 (m, 1H), 5.35 (d, 1H, J = 49 Hz),
571 (m, 1H), 5.94 (d, 1H, J = 3.9 Hz), 6.35 (s 1H, NH),
7.01-:7.36 (m, 5H, Ar)
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BCNMR : 2621, 26.76, 5227, 7003, 7929, 8061, 80.87, 8157,

(CDCI3) 8197, 10428, 11101, 11546, 11583 117.04, 12218,
12218, 129.72, 13457, 157.43, 166.40

Ms . 361 (7%), 318 (12%), 320 (16%), 318 (6%), 268 (39%),
225 (17%), 200 (13%), 161 (23%), 149 (100%), 77
(60%).

Analysis . Cadculaed: C: 6313, H: 641, N: 387

C1dH zNOs Found:  C: 6327, H: 659, N: 403

Synthesis of (3S, 4R, 5R, 6S, 7R, 8R) Acetic acid 2', 2'-dimethyl-5' - (4-oxo-3-phenoxy
azetidin-5’-yl)- tetrahydrofuro[2',3'-d][1",3']dioxol -6'ylester 3.15

To a solution of 3.5 (024 g, 0.51 mmal) in 15 ml acetonitrile, was added a
solution of CAN (084 g, 1.53 mmol) in water (10 ml) a 0 °C and the reaction mixture
was dirred a this temperature for 1 hr. After the completion of the reaction, cold water
was added to the reaction mixture and extracted with EtOAc (3x30 ml) and the combined
organic layers were washed with 5% sodium bicarbonate solution, 10% sodium sulphate
lution followed by 10% sodium bicarbonate solution, dried over NaSO4 and filtered.
The filtrate was concentrated and column chromatography of the crude provided the
product 3.15 asagummy substance (0.14g, 77.77%).

MP: : Gum

[a]o® : -205.17 (c = 1, CHCl)

IR (CHCL): : 3415, 3018.39, 2925.81, 2854.45, 1747.39

H NMR : 1.33 (s, 3H), 1.52 (s, 3H), 2.05 (s, 3H), 4.07-4.22 (m,

(CDCly): 2H), 5.36 (d, J =3.4H2z),5.94 (d, 1H, J = 3.4 HZ), 6.47

(200 MHz) (s, 1H), 7.01- 7.35 (m, 5H)

BCNMR : 2039, 2598, 2642, 5229, 7669, 7913, 8115 8354,

(CDCI3): 10413, 11218, 11571, 12243 12938 15721, 16654,
169.26
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Ms ; 363 (%), 348 (18%), 320 (22%), 260 (42%), 231 (32%),
218 (16), 202 (8%), 191 (17%), 149 (100%), 131 (27%),
105 (12%), 94 (19%), 77 (42%0)

Analysis : Cdculaed: C: 5948, H: 5.82, N: 3.85

CigH2NO7 Found: C: 59.69, H: 6.02, N: 397

3.16 Synthesis of (3S, 3a'R, 4R, 5R, 6S, 6a’'R) [2-(6'-Allyloxy-2', 2'-dimethyl-
tetrahydrofuro [2', 3'-d][1’, 3] dioxol-5'yl)-4-0x0-3-phenoxyazetidin -1-yl]-acetic acid
ethyl ester.

To a solution of the b-lactam 3.12 (0.78 g, 216 mmoal) in anhydrous THF (10 ml)
was added to 50% suspension of NaH in minegrd ail a 0 °C and refluxed br 2 hrs. The
reaction was then cooled to 0 %C and a solution of ethyl bromoacetate (1.19 ml, 0.01 mol)
in anhydrous THF (10 ml) was added dowly. The reaction mixture was then refluxed
gently for 8 hrs. The excess reagent was quenched a 0 °C with MeOH (5 ml), diluted
with excess of water and extracted with EtOAc (3x25 ml). The organic layers were then
washed with water, sat brine soln, dried over N&SO4, filtered and concentrated to get the
crude ethyl carboxylate. The excess of ethyl bromoacetate was then removed by
adsorption on slica gd and dution with pet eher (60-80° C). Elution with 10%
EtOAc/Pet ether and concentrating the solvents on the rotary evaporator afforded the
pure compound 3.15 asan oil (0.67 g, 70%)

MP : Oil

[a]p® ; -96.01 (c=0Q72, CHCly)

IR (CHCl) : 1730, 1749

H NMR 129 (m, 9H), 150 (s 3H), 368 (dd, 1H, J = 53 Hz, 69
(CDCljy) Hz), 400 (m, 2H), 417 (dd, 1H, J = 39 Hz, 34 Hz), 4.38
(200 MH2) (dd, 1H, J = 49 Hz), 453 (dd, 1H, J = 53 Hz, 34 H2),

5.15 (m, 3H), 540 (d, 1H, J = 4.9 Hz), 5.70 (m, 1H), 590
(d, 1H, J= 39 Hz), 6.90 (M, Ar)

BCNMR : 1378, 2594, 2646, 4245, 5708, 6105 7031, 8001,
(CDCI3) 8060, 8178, 10464, 11523, 11545 11721, 12203
129.23, 13346, 157.13, 165.66, 167.64



Ms

Analysis
CoH xNOg

M* 447 (100%), 417 (23%), 368 (34%), 327 (17%), 313
(43%), 298 (12%).

Caculated: C: 47.67, H: 893, N: 4.28

Found:  C:47.83,H: 907, N: 4.40.



3.7
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Chapter 4

Diastereosel ective Staudinger reaction using iminesderivedfrom

3-Amino-3-Deoxy-1,2:5,6-diisopropylidene-a—D-glucofuranose



4.1 . Abstract

This chapter deds with the dtereosdective synthesis of b-lactam usng imines derived
from  3-amino-3-deoxy-1,2:5,6-diisopropylidene-a -D-glucofuranose. The  imines  were
gyntheszed from glucose diacgtonide in 4 seps These imines underwent a highly
dereospecific Staudinger reaction with ketenes to form a sngle diastereomer of b-
lactam with cis dereochemistry. The cis dereochemidry was ascertained from the
coupling constants (*H NMR) of the C-3 and C-4 protons (3=56 Hz).

4.2 . Introduction

The imines deived from chird ddehydes were known to proceed with totd
disstereosdectivity and is widdy explored. The extent of diastereosdectivies induced
by the imines derived from chird amines in the Staudinger reaction is less exploited.
The limited examples reveded only moderate sdectivity. Vaious researchers have
reported use of imines derived from the readily avalable and inexpendve opticdly active
a-methylbenzyl amine in  the Saudinger reactio?®.  However, moderate
diastereosdlectivities were observed with these imines. The best result was obtained in
the reaction between phthdimidoacetyl chloride and the imine deived from a-
chloroacetyddehyde, which gave isomeric mixture of cisitrans b-lactams in the ratio of
910 (scheme-4.1). The isomeric ratio was found to be dependent on the solvent used,
chloroform gave the best results.

Scheme-4.1

PhthN CICH, PhthN CH,CI PhthN CH.CI
l + \| Et3N
N ;
o" cl \]\I‘\\C H, “CH

Ph

The closdy rdaed but more expensve l1-ngpthylethylamine was found to give sSmilar

reults However, benzene toluene, and chlorobenzene were found to be the best
solvents for this reaction and gave about 83:17 rtio of diastereomers*® (Scheme -4.2).
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Scheme-4.2

Amino adid derived imines were extensivdy exploited by various groups’. Bose e &
effectivdy used the imines deived from D-threonine and it was observed that the

diastereosdectivities depended on the dze of the hydroxylprotecting group (Scheme-
4.3).

Scheme-4.3

Ph Ph

N; Ph | |(
N N3/, K
+ Et,N ’,
j\ | CH + CH,
o’ ¢l 3 N :
| SHs " TOR
N : :
\./\OR

o \:/\OR 0

CO,R
R=H 11
R=TBDMS 91
R = SiPh, 95:5

Reection of diketenes with imines derived from propargyl ddehydes and TBDMS ether
of D-threonine offered two transdiastereomersin the 2:1 ratio (scheme-4.4).

Scheme-4.4

o)
R o) 0
WI ¢H, R /ﬁ
N H ", R
\~ T"OmBDMS — _ “_ CH, + o
: Imidazole N : ER
o N\~ TOTBDMS

Co,Bn N :
2 o// " OTBDMS

(_:OZBn =
CO,Bn

2:1
Hira and Fujimoto observed that cydoaeddition of a propargylidene schiff’'s base derived

from L-serine with diketenes gave a mixture of transand cis b-lactams Gcheme-4.5) in
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the ratio of 2.2:1° While contradictory reports from Just and Liak®" daimed that the
chird auxiliary of the protected L-serine cinnamadimine schiff’s base racemised in the
reaction with azidoacetyl chloride and triethylamine.

Scheme-4.5

R 0 0
N K J

N
Imidazole
OTBDMS N
CO,Bn // OTBD MS
0,B
C n CO Bn

2.2:1
Hatanaka and Ojima have reported a Stereospecific cycloaddition reection of azidoketene

to the imines bearing a chird b-lactam as the back-bone (scheme-4.6), which in turn was
synthesized from t-butyl daninate™.

Scheme-4.6

The asymmetric synthess of 4-unsubdtituted b-lactams was achieved from a triazine in
the presence of BR.OEt,, Maximum <dectivity of 101 was achieved with

phthalimidoketene and a -napthylglycine™ (Scheme-4.7).
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Scheme-4.7

R1
wCO,Me PhthN PALAN,
(Nj RCH ,COClI
BF, TBR.OEL Rl R1
N N R1 2 \/ \/
I\/IeOZCu,.,( NN

R1 (_:02 Me CO2 Me
R1 = napthyl

CO2 Me

George et d used cabohydrate-derived imines as the chird auxiliay and achieved
moderate selectivities (Scheme -4.8).

Scheme-4.8

R R R1
m R,OCH,COCl R2, Rl
. B
N . N /];L
R O R* N
o R*
OAc
%
R* =
OAc OAC

Baton e a® utlized chird imines deived from 34:56-di-O-isopropylidene-
glucosamine propanedithioacetal and  cinnamadehyde.  Virtudly totd  sdectivity wes
obtained in this gpproach using phthalimidoketene.

Scheme-4.9

Ph Ph
R Ph |r
J\ o Et,N R ) R, &
° | o “r1 /J/:L N
N_ o R1
R1

when R =PhthN d =100:0




4.3 . Present work

We envisaged that the imines derived from glucose diacetonide with the bulky acetonide
protecting groups will differentiste the two faces of the ketene to ensure a highly
disstereosdectivity in b-lactam ring formation. Therefore, we decided to utilize the
imines deived from 3-amino-3-deoxy-1, 2:5,6-disopropylidene-a-D-glucofuranose  in
the [2+2] cycloaddition reaction.

4.4 :  Results and discussions

Ealier reports have dealy shown tha the use of imines derived from chird amines in
the [2+2] cydoaddition reection leads to none to modest asymmetric induction. A good
amount of stereo control was observed whenever one face of the imine was blocked by
bulky protecting groups of the chird amine. Hence we envisoned that the sugar derived
aming 3-amino-l, 256-disopropylidene-a-D-glucofuranose 4.3 with the two bulky
acetonide groups should sufficiently differentiate the two faces of the imine and induce
good leves of stereosdectivity in the [2+2] cydoaddition reaction.

The amine 4.3 was synthesized from D-glucose in four steps. The chird amine was very
reective and reedily formed the imines 4.4a,b with the ddehydes (cinnamadehyde ad
benzddehyde). Cydoaddition with phenoxyacetylchloride and  acetoxyacetylchloride in
presence of triethylamine a 0 °C afforded the b-lactams 4.5ac in high yidds (75-79%).
The 'H NMR spectrum of the crude displayed a single set of diastereomer indicating
formation of only one diasereomer. The coupling condants of the C-3 and the C4
protonsindicated cis stereochemigtry (J = 56 Hz).

Unfortunately, none of the compounds could provide X-ray qudity crystds, and so the
relative configuration of the b-lactams with respect to the absolute stereochemisiry of the
sugar could not be established.

4.4.1 Preparation of the lodide 4.1

The diacetonide 1.2 was converted into iodide 4.1 using reported procedure™. The
diacetonide 1.2 was refluxed in toluene in the presence of Na and triphenyl phosphine
for 24 hrs. After the completion of the reaction (TLC), the reaction mixture was worked
up as usud and resultant product was purified by column chromatography to provided
pureiodide4.1 (Scheme-4.10).
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Scheme-4.10

X

12 PPh;, Nal, Toluene= o)

24hrs, reflux J
I\\‘ ’/O

4.4.2 Preparation of the azide 4.2

The iodide 4.1 was dissolved in DMF and treated with sodium azide and heated to 105
%C for 18 hrs. The solvent was then removed by diiillation under reduced pressure and
the resdue was extracted with CHCBL. The organic extract was then washed thoroughly
with water, dried over NaSO, and filtered. The filtrate upon concentration provided the
crude azide4.2 (Scheme-4.11), which was purified by column chromatography.
Scheme-4.11

NaN,, DMF
105°C, 18hrs

4.1

4.4.3 Preparation of the amine4.3

A suspenson of Pd/C (10%) and the azide 4.2 was taken in MeOH and stirred a RT for
3 hrs in hydrogen amosphere. After the completion of the reection the catdyst was
filtered through a pad of cdite and the filtrate was concentrated under reduced pressure
to afford the pure amine 4.3 (Scheme-4.12).

Scheme-4.12
X
o o
42 Pd/C, H2 - e Q
RT, 3hrs ., )(
H,N @)
4.3
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4.4.4 Preparation of theimines 4.4a, b
The imines 4.4a,b were prepared by tregting the amine 4.3 with the ddehydes
(cinnamadehyde and benza dehyde) in presence of MgSO, (Scheme -4.13).

Scheme-4.13

X
o 0
43 RNH,, MgSO4,‘ Te)
CH,Cl,, RT,6hrs
(0]
/:N
R

4.4(a,b)

a: R=styryl
b: R=Ph

4.4.5 Preparation of theb-lactam 4.5a

A olution of phenoxyacetyl chloride in anhydrous methylene chloride waes added to a
solution of the imine 4.4a and triethylamine in methylene chloride a& 0 °C under argon
amosphere. The resulting solution was warmed up to RT and dtirred for 12 hrs. After the
usud workup and purification by column chromatography yidded pure b-lactam 4.5a in
70% yidd as awhite solid (Scheme-4.14).

Scheme-4.14

X
o o)
|u|-O
ssa PNOCHCOCLEWN )(
N o

CH,Cl,

PhO
4.5a |

Ph
The IR spectrum of this compound showed a strong band at 1758.96 an indicating the

presence of the b-lactam carbonyl. The 'H NMR of the crude compound indicated thet it

is a sngle diagtereomer as only one st of dgnds were observed. The methyl protons of
the 2 isopropylidene groups gopeared & 124, 130 131 and 1.50 as four snglets
integrating for 3 protons eech.
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The H-1 proton (anomeric) of the sugar appeared
as a doublet a 5.90 (J = 3.9 Hz). The H-2 proton
of the sugar gppeared as a doublet a 4.67 (J = 3.9
Hz). The H3, H-4, H-5, and the methylene protons
a C6 gpeaed a a five-proton multiplet
fromd.03 to 422, The b-actan H-3 proton
gopeared a@ 541 as a doublet (J = 4.9 Hz), while
the H4' ring proton appeared as add & 459 (J =
49& 44Hz).

The H-2"’ proton appeared at 6.36 as a dd with high coupling constants (J = 4.4 &

15.7 Hz), and the H-1"" proton resonated at 6.77 as a doublet (J = 15.7 H2)

In the ¥C NMR spectrum of this compound the b-lactam carbonyl appeared a
164.85.The four methyl carbons of the diacetonide gopeared in the regions 25.06, 25.83,
26.38, 26.68 integrating for three protons each. The b-lactam C-3' carbon resonated a
80.31, while the G4 carbon appeared a 58.40. The two carbons of the styryl were seen
a 12306 and 126.58. The mass spectrd andysis of the compound showed the base peak
a 356 (100%) and the molecular ion pesk M+. a 507 (5%). This compound provided
satisfactory eementa analyss.

4.4.6 Preparation of theb-lactam 4.5b

A olution of acetoxyacetyl chloride in anhydrous methylene chloride was added to a
slution of the imine 4.4a and trithylamine in methylene chloride a 0 °C under argon
atmosphere. The resulting solution was warmed up to RT and stirred for 12 hrs. After the
usud workup and column chromatogrgphic purification provided the pure b-lactam 4.5a
in 80% yidd (Scheme-4.14).

Scheme-4.14
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AcOCH,COCI, Et;N
CH,Cl,

4.4a

The IR spectrum of this compound showed a strong band a 175153 cmi indicating the
presence of the b-lactam. The *H NMR of the crude compound showed thet it is a single
diastereomer.

The methyl protons of the 2 isopropylidene groups
gopeared a 122, 129 131 and 148 as four
snglets integrating for 3 protons esch. The H-1
proton (anomeric) of the sugar appeared as a
doublet a 5.88 (J = 34 Hz). The H2 proton of the
sugar appeared as a doublet a 4.66 (J = 3.9 Hz).
The H3, H-4, H-5 and the methylene protons a G-
6 appeared as afive-proton multiplet from 4.16 to

3.99.The b-lactam H3' proton gppeared a 5.07 as a doublet (J = 4.9 Hz), while the H4'
ring proton appeared as a dd a 447 (J = 49 & 4.4 Hz). The H2’ proton gppeared at
641 as a dd with high coupling congants (J = 44 & 16.1 Hz), and the H-1" proton
resonated at 6.68 as adoublet (J=16.1 Hz).

Inthe *C NMR spectrum of this compound was recorded in DMSO-d6. The b-lactam
carbonyl gpeared a 168.83 and the acetate was seen & 168.98. The four-methyl carbons
of the diacetonide resonated in the regions 2550, 25.99, 2647, and 26.95. The methyl
carbon of the acetate resonated a 56.28. The b-lactam C-3' carbon resonated at 83, while
the C-4' carbon appeared at 63.96. The two carbons of the styryl were seen at 126.30 and
126.85. The aromatic carbons resonated in between 126.30 to 168.98.

The mass spectrd andysis of the compound showed the molecular ion pesk M* a 473
(7%), and the base pesk a 399 (100%). This compound provided satifactory eementa
andyss.
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4.4.7 Preparation of the b-lactam 4.5c

A solution of phenoxyacetyl chloride in anhydrous methylene chloride was added to a
solution of the imine 4.4b and triethylamine in methylene chloride a 0 °C under argon
amosphere. The resulting solution was warmed up to RT and dtirred for 12 hrs. After the
usud workup and column chromatography gave pure b-lactam 4.5¢ in 75% yidd

(Scheme-4.14).
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Scheme-4.14

aap PhOCH,COCLELN g )(
CH,CI, j—_Nk
PhO Ph
4.5¢

The IR spectrum of this compound (4.5c) showed a strong band a 1749 cm™* typica of
b-lactam carbonyl. The 'H NMR of the crude compound showed thet it is a single
diastereomer. The methyl protons of the 2-isopropylidene groups gppeared as two
snglets & 1.39, and 1.44 integrding for 6 protons each. The H-1 proton (anomeric) of
the sugar gppeared as a doublet a 511 (J = 39 Hz). The H-2 proton of the sugar
gppeared as a doublet a 4.51 (J = 34 Hz). The H3, H4, H5 and the methylene protons
a C-6 gppeared as two sets of multiplets in the regions 418 to 4.25 integrating for 2
protons, and at 4.00 to 4.10 integrating for three protons.
The b-lactam H-3' proton gopeared a as a doublet
a 5.09 (J = 4.9 Hz). The H4 proton appeared as a
doublet a 4.29 (J= 49 H2)

Inthe 2C NMR spectrum of this compound the b-lactam carbonyl appeared a 165.84.
The four-methyl carbons of the diacetonide resonated a 2524, 2561, 26.24, and 26.75
giving 4 dgnds. The b-lactam C-3' carbon resonated a 80.27, while the C-4' carbon
gopeared a 67.92. The C-1 (anomeric) carbon appeared a 109.82. The aromdtic carbons
gopeared in the region 11166 to 156.65. The aomatic carbon atached to oxygen
resonated down fied a 156.65. All the other carbons resonated in the expected regions.
The mass spectrum of this compound showed the molecular ion pesk a M™ 481 (17%),
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and the bae pesk a 134 (100%). This compound provided sdisfactory eementd

andyss.

45 . Conclusion

Thee reaults demondrate that high diagtereofecid Sdectivity in the ketene-imine
cycloaddition reection can be achieved by the use of homochird amines with the

necessary seric bulk.
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4.6 . Experimental

All dry reections were peformed under an inet amosphere of argon, using freshly
didilled, degassed solvents. Dichloromethane was dried over anhydrous P-.Os and stored
over 4A molecular seves DMF was freshly distilled under reduced pressure just before
use

4.6.1 Synthesis of (1R, 2R, 3R, 4R, 5S5)3-Deoxy-3-iodo-1,2:5,6-di-O-
isopropylidenea-D- allofuranose 4.1

A mixture of glucose diacetonide 1.2 (5g, 19.23 mmoal), triphenylphospine (15.1
g, 57.69 mma), imidezole (39 g, 57.35 mmal), ad iodine (9.7 g, 3815 mmoal), toluene
(375 ml) was refluxed for 18 hrs. The reaction mixture was then washed with sa.
NaHCOs3 soln (25 ml), N&S03 (25 ml), and water, dried over NaSO4 and filtered. The
filtrate was concentrated under reduced pressure to afford the crude materid, containing
triphenyl phospine oxide. Column chromatography of the crude provided the pure iodide
4.1 (4.98 g, 70%).
'H NMR (CDCly 1.38 (s, 6H), 1.50 (s, 3H), 156 (s, 3H), 3.73 (dd, 1H, J =
(200 MH2) 49 and 44 Hz), 406 (m, 2H), 423 (m, 2H), 459 (t, 1H, J

=3.9Hz),5.81(d, 1H, J= 34 H2).

4.6.2 Synthesisof (1R, 2R, 3S, 4R, 5S)-3-Azido-3-deoxy-1,2:5,6-di-O-isopropylidene
a-D-glucofuranose 4.2

A lution of iodide 4.1 (25 g, 6.75 mmol), and sodium azide (395 g, 60.8
mmol) in DMF (50 ml) was heated to 105° C and kept at this temperature for 18 hrs. The
reection mixture was cooled to room temprature and solvent was removed under reduced
pressure on a Kugerohr gpparatus. The mass that remains was extracted with EtOAc and
washed with water. The agueous layer was back-extracted with EtOAc severa times.
The combined organic layers were dried over NaSOs and filtered. The filtrate upon
evgporation gave resdue, which was purified by column chromatography to afford the
azide 4.2 asasemisolid (yidd 1.24 g, 65.60%).
'HNMR (CDCly : 132 (s 3H), 1.37 (s 3H), 143 (s 3H), 151 (s 3H), 3%
(200 MHz) (dd, 1H, J = 4.7 Hz each), 408 to 428 (m, 4H), 461 (d,

1H, J= 3.7 Hz), 5.85 (d, 1H, J= 3.6 H2).
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4.6.3 Synthesis of (1R, 2R, 3S, 4R, 5S)-3-Amino-3-deoxy-1, 2: 5,6 di-O-
isopropylidene a-D- glucofuranose 4.3

The azide 4.2 (1 g, 35 mmoal), was dissolved in methanol (15 ml) and treated
with 10% Pd/C (0.1 g, Aldrich) and stirred & RT for 3 hrs under hydrogen atmosphere.
The cadys was then filtered over cdite in a sntered crucible, and the filtrate was
concentrated under reduced pressure afforded the pure amine 4.3 as oil (0.908 g, 100%).

IR (CHCIl,) : 38587.35,338098, 332119
'H NMR (CDCly : 130 (s 6H), 1.35 (s 3H), 142 (s 3H), 150 (s 3H), 355
(200 MH2) (d, 1H, J = 35 Hz), 397 (m, 2H), 414 (m, 2H), 4.40 (d, J

=3.4Hz),5.89 (d, 1H, J= 3.4 Hz).

4.6.4 General procedurefor the synthesis of imines4.4ab

To a solution of the amine 4.3 in CH.Cl,, and anhydrous MgSO,, was added a
Llution of the ddehyde (cinnamadehyde, benzadehyde) in CH.Cl,. The mixture was
dirred for 6-8 hrs (TLC). The mixture was filtered through a pad of cdlite. The filtrate
was concentrated to get the imines 4.4a-b, which were used as such for the b-lactam

formation.

4.6.5 General procedurefor the synthesis of b-lactams

A olution of the add chloride in methylene chloride was added to a solution of
the imines 4.4ab and triethylamine in CH.Cl, (20 ml) & 0 °C. After the addition was
completed the reaction mixture was adlowed to warm up to room temperature and sirred
for 15 hrs. The reaction mixture was then washed with waer, saurated sodium
bicarbonate solution, saturated brine solution. The organic layer was then dried over
anhydrous NaSO,4 and concentrated to give the crude b-lactams 4.5ac, which were
then purified by column chromatography using silicagd (60-120 mesh).

Synthesis (1R, 2R, 3S, 4R, 5S)1-[5-(2,2-Dimethyl-[1,3] dioxolan+4-yl)-2,2-dimethyl-

tetrahydro-furo[2,3-d][1,3] dioxol -6 yl]-3phenoxy-4-styryl-azetidin-2-one
4.5a
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The imine 4.4a (0.33 g, 1 mmol) on treatment with phenoxyacetyl cHoride (0.25
g, 0207 ml, 1.5 mmoal) in the presence of triethylamine (045 g, 45 mmol) provided the
b-Lactam 4.5a asasingle isomer (0.32 g, 70%) as awhite solid.
MP . 12°C
IR (CHCl) . 17589
-13.75 (c = 0.85, CHCl).
'HNMR (CDCl9 : 124 (S 3H), 1.30 (S, 3H), 1.31(S, 3H), 1.50 (S, 3H), 4.03-
(200 MHz2) 422 (m, 5H), 459 (dd, 1H, J = 49 Hz, 44 Hz), 467 (d,
1H, J = 39 Hz), 541(d, 1H, J = 49 Hz), 590 (d, 1H, J =
39 Hz), 623 (dd, 1H, J = 92 Hz, 9.7 Hz), 6.77 (d, 1H, J =
15.7 H2).

BC NMR . 2506, 2583, 2638, 2668, 5840, 6325 6763 7277,
(CDCly) 7638, 80.31, 8218, 8369, 10519, 10949, 11163, 11567,
12218, 12306, 12655, 12846, 12931, 13574, 13692
157.21, 164.85.
MS - M+ 507 (5%), 492 (15%), 414 (12%), 399 (42%), 390
(52%), 356 (100%), 322 (48%), 298 (72%), 266 (44%).
Analysis : Cdcd for C;HxNO+: C: 68.60; H: 6.55; N: 2.76.
Found: C: 68.78, H: 6.37; N: 2.85.

Synthesis of (1R, 2R, 3S, 4R, 55)-1- [5-(2,2-dimethyl-[1,3]dioxolan-4-yl)-2,2-dimethyl-
tetrahydro-furo[2,3-d][1,3]dioxol -6-yl]-2-oxc-4-styryl-azetidin-3ylester 4.5b

The imine 4.4a (0.33g, Immol) on trestment with acetoxyacetyl chloride (0.25g,
0.207ml, 1.5mmol) in the presence of trithylamine (045 g, 45 mmol) provided the b-
lactam 4.5b asa sngle isomer (0.32 g, 70%) as a white solid.
MP ;. 198°C
IR (CHCl) 175153

-21.21 (c = 1, CHCl3)
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IH NMR (CDCl9 : 122 (S 3H), 1.29 (S, 3H), 1.31 (S 3H), 148 (S, 3H), 2.18

(200 MH2) (S, 3H), 416399 (m, 5H), 447 (dd, 1H, J = 49 Hz, 44
Hz), 4.66 (d, 1H, J = 39 Hz), 507 (d, 1H, J = 49 Hz), 5.88
(d, 1H, J = 34 Hz), 641 (dd, 1H, J = 44 Hz and 16.1 H2),
6.68 (d, 1H, J= 16.1 Hz).

BC NMR . 2550, 2599, 2647, 2695, 5628, 6396, 6914, 7822

(DM SO-ds) 7874, 83, 10458 11101, 12630, 12685 12829, 12898,
135.31, 13648, 168.83, 163.98

M ass : M" 473 (T%), 458 (32%), 430 (17%), 415 (27%), 399
(100%), 358 (21%), 339 (28%)

AnalysisCalcd : Cdcd for CosHxNOLC: 63.39; H: 6.00; N: 295
Found C:. 6348, H: 6.18 N: 3.11

Synthesis of (1R, 2R, 3S, 4R, 55)-1-[5-(2,2-dimethyl-[1,3]dioxolan-4-yl)-2,2-dimethyl-
tetrahydro-furo[2,3-d][ 1,3]dioxol -6-yl]-3,4-diphenyl-azetidin -2-one 4.5¢
The imine 4.4b (04 g, 115 mmol) on trestment with phenoxyacetylchloride

(029 g, 0238 ml, 1.72 mmal) in the presence of triethylamine (052 g, 0.72 ml, 518
mmol) provided theb-Lactam 4.4c asasingleisomer ().
MP ;. Gun
IR (CHCL) . 1749

-33.17 (c = 0.90, CHCl3)
'Y NMR (CDCl9 : 139 (S 6H), 144 (S, 6H), 400- 410 (m, 3H), 4184.25
(200 MHz2) (m, 2H), 429 (d, 1H, J = 49 Hz), 451 (d, 1H, 34 H2),

509 (d, 1H,J=49Hz),5.11 (d, 1H,J=39H2)

BC NMR . 2524, 2561, 2624, 2675, 57.74, 6439, 6792, 7292

(CDCl3) 8027, 8189, 8218 10461, 10982, 11166, 11457,
11552, 12203, 12802, 12912, 12938, 13306, 156.65,
165.84

M ass : M™ 481 (17%), 466 (21%), 408 (7%), 347 (10%), 317
(12%), 285 (27%), 134 (100%), 77 (43%), 91 (18%).

Analysis . Cdcd for C;gHxNO7 C: 65.90; H: 6.42; N: 3.07;
Found C: 66.01; H: 6.64; N: 3.30;
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Chapter 5

Use of Acid Activatorsfor the Synthesis of b-L actams

Section A: Stereosel ective Synthesis of b-Lactams Using

Trichloroacetonitrile-Triphenylphosphine as Acid Activators

Section B: Hexachloroacetone-Triethylphospite, a Novel Acid

Activator in the Stereocontrolled Staudinger Reaction
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51 . Abstract

This chapter consists of two sections SectionrA deals with the use of
trichloroacetonitrile and triphenylphospine as acid activators in the Staudinger
reaction, while section-B deals with the use of hexachloroacetone -triethylphosphite as
acid activators. Both the sections deal with the in situ generation of acid chlorides
from various carboxylic acids and their annulations with imines via [2+2]
cycloaddition reaction to provide the b -lactams with exclusive cis stereochemistry. The
cis stereochemistry was ascertained from the coupling constants of the C-3 and C-4 b-

lactam ring protons (J = 5-6 H2).

52 . Introduction

One of the most efficient methods for the congruction of the b-lactam ring is the

reaction between an activated caboxyl acids with an imine in the presence of a tertiary
base'. This reaction, which is often refered to as the Staudinger reection, typicaly
proceeds with good sereosdectivity?, depending on  reection  condiions®  and
substituents’.
In addition to the utilization of adid chlorides® and the in situ formation of acid halides, a
variety of other methods have been described to activate carboxylic acids for in it Stu
generation of ketenes (Scheme-5.1). This is paticulaly convenient draiegy when the
add chloride is not commercidly avaldble difficult to prepare or explosve as is the
case with azidoacetyl chloride.

Scheme-5.1
o] 0
\/U\ B2 \/U\ g Ve ) ”
R —— R _ N
OH base OR, N
\

0] R3
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An dternate synthesis of b-lactam that circumvents the use of acid chlorides involves the
ue of caboxylic group activating agents Acd ectivating agents include severd
phosphorous  derived reegents’, ethyl chloroformate®  trifluoroacetic anhydride® and p-
toluenesulphonyl chioride™.  In 1979, Manhas *? has reported the use of readily available
Mukaiyama reegent12 (2chloroN-methylpyridiniumiodide) as an activating agent in the
reection between caboxylic acids and imines in the presence of triethylamine in
refluxing dichloromethane, to yidd b-lactams in moderate yidds (~55%). Table-5.1
shows various reagents that have been used as carboxylic acid activator in the Staudinger
reaction.

Table-5.1: Reagents tha have been used as carboxylic acid activetor in the Staudinger
reaction.
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Reagents

Poss ble reactive intermediates
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O\\ //O NIRZ%
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\N N
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5 COCH,R
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/S\ PN _
SOCI,-DMF 07 Y07 N(CH,Br

It has been obsarved that the reactions carried out with acid activating agents generaly
folow the same dereo chemicd pattern of the resulting b-lactams as observed in the

reactions with acid chlorides.

Georg has reportd an improved methodology by using 2-chloroN-methylpyridinium
iodide as an activating agent with tripropylamine as a base to synthesze multi subdtituted

b—lactams (Scheme-5.2).
Scheme-5.2

- ma—/\ no a CEE (0]
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Pdomo e d have reported an efficdent synthess of some a-amino-b—lactams from
Dane's sdts and imino compounds. Trestment of a Dane's sdt of amino acids and an
gopropriste imine in equi-molar quantities with phenyl dichlorophosphate in the presence
of triethylamine gave the corresponding 3-vinylamino-b—lactams. Hydrolysis of the side
chain with PTSA in acetone-water followed by the acylation with acid chloride provided
3-amido-b—lactams (scheme-5.3).

Scheme-5.3
MeO
H NHBOC
NHBOC  MeOCCH=CMeNHCH,COOK O HN_- H
PhOPOCI,, Et, N —F
! CH,Cl, -40°Ctort N
RN o R
NHBOC
HZN'Q A
sz p-TSOH-Me,CO,RT
N, 5min
o) R

a)R=4-MeO-C4H,b) Bn

Pdomo & d have dso usad triphenylphosphine dibromide and dimethyl sulphide
dibromde for the direct synthess of varioudy subdituted b-lactams in moderate yields
(40-60%) (Scheme-5.4).

Scheme-5.4
R2
R1 L\ e H Hpo rit HRro
w + N PPh,Br, : on - 5 );(
COOH - — NH
H o N\J\ 0
Section A : Stereosdlective synthesis of b-Lactams using

Trichloroacetonitrile- Triphenylphosphine as acid activators

5.3a - Present Work
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Among the severd methods for the synthess of b-lactams the cydoaddition
reaction of ketenes with imines (Staudinger reaction) for the condruction of b-lactam
ring has found wide acceptance. This is manly because of its smplicity, predictability of
dereo chemicd outcome and proven utility of this method for the synthess of a large
number of monocydlic, bicydlic, tricydic and spiro cydic b-lactams.

The ketenes are usudly generated from acid haides (preformed or generated in
gtu) in the presence of tetiay amines. Alternatively acid activating agents, like ethyl
chloroformates,  trifluoroacetic  anhydride,  p-toluenesulfonyl ~ chloride,  phosphorus
derived reagents, Mukalyama reagent, cyanuric chloride, and severd others have been
used. This section decides the gpplication of  trichloroacetonitrile-triphenylphosphine as a
mild resgent for in Stu generdtion of acid chlorides from carboxylic acids and ther
utility for the synthess of azeidin-2-ones (b-lactams) via ketene-imine cydoaddition
resction.
5.4a - Results and discussions

5.4a.1 Preparation of acid5.03

The (+)3-carere oxide 5.01 was opened with methanolic PTSA to afford
methoxy doohol 5.02 in excdlent yidd. The dcohol 5.02 on dkylation with chloroacetic
acid in presence of NaH in dry toluene gave acid 5.03 (Scheme-5.5) in 62% yidd, which
was purified by didillation, b.p. 180 °C/10mm.

Scheme-5.5

COOH

(+)-3-Carene

Reagents and conditions: i.)CICOOEt/H,0,/Na;PO,, CH,Cl, ii.) CH;OH, PTSA, 2h
iii.) Na/CICH,COOH, Toluene

The 'H NMR spectrum of 5.03 showed two singlets a 0.95 and 1.05 for the gem
dimethyl group of the carene moiety. The angular methyl and methoxy groups were
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obsarved & 1.25 and 3.38 regpectively. The methine and methylene protons of the chird
auxiliary were gppeared as multiplets in between 1.2 and 24. The methylene protons
atached to the carboxylic group appeared as doublet a 3.90 and 4.35 = 17.6 Hz) due
to their diagtereotopic nature. The carboxylic acid proton gppeared as a broad snglet at
93.

5.4a.2 Preparation of b-lactams 5.1j and 5.1k

The acid 5.03 on annulations resction with imine derived form trans
cdnnamadehyde and p-anigdine in the presence of triethylamine a 0 °C afforded a
b- lactam Gcheme-5.6) in 55% vyidd. The andysis of the crude product by *H NMR and
HPLC showed the presence of two diastereomers 5.1 & 5.1k in the ratio of 60: 40. The
magor diastereomer 5.1j was separated by crystalization (pet. ether/acetone).

Scheme-5.6

4, ,OMe
"4 o ICLCCN,PPh

LStyryl\_ Et,N, CH,Cl,
COOH \I

5.03 PMP 5.1

The 'H NMR spectrum of the b-lactam 5.1j showed two singlets a 0.71 and 0.87
of three protons each, corresponding to a gem dimethyl group. The angular methyl group
gopeared as a snglet a 1.27. Severd multiplets appeared in between 1.02 and 2.15 for
seven protons of the chird auxiliary. The methoxy proton of the chird moiety and that of
the p-anisyl group appeared & 327 and 375 respectivdy. A doublet of doublet was
observed a 4.70 corresponding to the C4 proton of the b-lactam (0 = 4.8 & 9.7 Hz). The
C-3 proton of the b-lactam gppeared as a doublet a 542 (J = 4.8 Hz). The
gtereochemigtry of the b-lactam was assgned as cis from the coupling congant vaue of
48 Hz of C-3 add C-4 protons. One of the syryl protons gpeared as a doublet of
doublet a 6.37 with J vaues of 85 & 144 Hz. A multiplet appeared a 6.85 accounting
for three protons, two from aomatic and one from syryl moiety. The multiplets
gopearing in between 7.15 and 7.55 were asigned to saven protons of the aromatic ring.

The IR spectrum of the compound showed a strong band a 1740 cmi® corresponding to
the b-lactam carbonyl group.
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The BC NMR spectrum of 5.1j showed a pesk & 164.0 corresponding to the b-
lactam carbonyl. The aromaic quaternary carbon bearing the methoxy group gppeared a
156.1. The other quaternary aromdic carbon atached to the nitrogen aom of the b-
lactam ring resonated a 135.9. The yryl olefinic carbon atached to the phenyl group
gopeared a 135.5. The quaternary carbon of the aromatic carbon was observed a 131.5.
The other dyryl cabon and aromdic carbons appeared a 128.7, 1282 1265, 1251,
1185 and 114.2. The C-4 ad C-3 cabons of the b-lactam ring were observed a 81.9
and 84.2. The quatenary cabon of the chird auxiliary-bearing methyl and methoxy
groups appeared a 78.2. The methine cabon aom of the carene moiety, which was
atached to an oxygen atom, agppeared a 61.5. The methoxy carbon of the p-anisyl
resonated at 554. The methoxy group of the chird auxiliary was observed a 489. The
methylene carbons of the chird moiety appeared a 29.7 and 26.2. The twemethine
cabons of the cyclopropyl group gppeared a 28.2 and 20.5. The methyl carbon of the
chird auxiliay was obsarved & 19.1.The quaernay carbon of the cydopropyl group
gopeared a 176. The gem dimethyl group was obsaved a& 155 and 14.8. This
compound gave satisfactory microandyss.

The ue of acid 5.03, derived from secondary dcohol 5.02 as chird ketene
precursor, gave only moderate diastereosdectivity (60: 40) in b-factam ring formation.
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5.4a.3 Preparation of the b-lactams 5.1 ak

The annulaions of the imines with ketenes, generated from various subdituted acetic
atids by udng triphenylphospine and trichloroacetonitrile  provided varioudy subdtituted
b-lactams in good yidd. In a typicd expaiment, addition of a solution of
triphenylphospine to a mixture of trichloroacetonitrile and carboxylic acids in anhydrous
methylene chloride a 0 °C generated the acid chlorides. This mixture was then added to
a wolution of the imines and trighylamine in methylene chloride a& 0 °C. After
completion of the reaction (TLC), the reaction mixture was worked up in the usud
manner. Column chromatography of the crude product provided pure b-lactams in
moderate to good yidds (Scheme-5.7).

Scheme-5.7
R1
_ _ reH HRo
i)Cl,CCN/Ph;, 090 min. S
iR2
N~—n ,0°Ctort 12hr N
(0] OH N o \R3
R3
5.1 a-k

The IR of the b-lactams showed the usud C=0O sretching typicd of b-lactams in the
expected region1760 to 1740. The 'H NMR showed two sets of doublets in the region
550 to 450 for b-lactam ring protons with coupling condants 56 Hz indicating the cis

stereochemidtry.
Mechanism
. onf!
PPh, + CCI,CN + j\ S @
Ph" O
R1
o]
||:h R2
Phe. h
>pCl ELN, N| R1 R2
(0] - ; N\
o) R3
5.1 (a))

To explore the generdity of this method, severd subdtituted b-lactams 5.1 &
were syntheszed in good yidds (Table-5.1). This method can dso be used for the
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gynthess of b-lactams derived from acids, which are sendtive to minerd acids or thionyl
chloride (see entry 10).

Table-5.1: Synthesis of b-lactams 5.1a-j from acids and imines.

Entry | R R R® Product | Yidd M.p. (°C)"
No. (%)?
1 PhO PMP  Ph 5.1a 61  150-151 (149-150)"°
2 PhO Ph PMP |[5.1b 5 185186
3 PhO PMP PMP |[5.1c 5  166-167
4 MeO Ph PMP [5.1d 6 159161
5 PhO Syryl PMP [5.1e & 178180
6 PhO Styryl  Ph 5.1f 6  193-194 (193195
7 PhO Styryl  m 5.1g 71 161-162
Tolyl

8 PhthN | Syryl PMP | 5.1h 61 191-193 (192-194)%
9 MeO Syryl PMP [ 5.1i @2 130141
10 . gOe

H p%f Syryl  PMP | 5.1] o 22-23F

? |solated yield of pure products. ° The figures in parenthesis refers to the literature melting
points. ¢ Isolated yidd of diastereomeric mixture (7:3). @ M.p. of mgjor diastereomer obtained in
45% yidd by single crystalization from acetone-pet. ether (3:7).

5.5a :  Conclusions
Trichloroacetonitrile  and  triphenylphospine were  successfully  employed as  acid

activators in the dereosdective synthess of b-lactams. A series of b-lactams were

gynthesized in good yidds only cis b-lactams were obtained. The above reagents were
found to be mild and could be used in reections where subgrates were sendtive to

minerd acids.
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5.6a :  Experimental

5.6.1 Preparation of alcohol 5.02

To a solution of (+)-3-carene oxide 5.01 (1.0 g, 6.5 mmoal) in methanal (25 mL),
a cadytic quantity of PTSA (30 mg) was added & 0 °C and the reaction mixture was
dirred for 2 h. The solvent was evaporated under reduced pressure and the resdue was
extracted with EtOAc (3 x 20 mL). The combined extracts were washed with brine (2 x
20 mL), dried over Na;SO,. It was filtered and filtrate was concentrated to give the crude
product 5.02, which on purification by column chromatography (slica gd, 60 - 120, 5%
EtOAC in pet. ether) gave 1.1 g (90%) of pure dcohal 5.02.

5.6.2 Preparation of Acid 5.03

To a solution of 5.02 (184 g, 10 mmal) in dry toluene (25 mL), dean sodium
pieces (0.500 g) were added and gently refluxed for 15 h. The solution was cooled and
the excess of sodium was removed by filtration through glass wool. The filtrate was
heated to 85 — 90 °C with girring and a solution of chloroacetic acid (0.470 g, 5 mmoal)
in dry toluene (30 mL) was added in such a way that the refluxing should not be
vigorous. A heavy precipitate of sodium chloroacetate was formed immediatdly. The
reaction mixture was refluxed under dirring for an additiond 48 h. The reaction mixture
was diluted with toluene (30 mL) and extracted with water (3 x 25 mL) and the agueous
layer was acidified with 20% HCI. The crude product, which collected as brown oil on
the top, was extracted with benzene. It was dried over NaSO, and the solvent was
removed under reduced pressure to give crude product as oil, which was purified by
fractiond didtillation under reduced pressure to afford 1.5 g (62%) of the acid 5.03.
H NMR © 095 (s 3H, CHy; 1.05 (s, 3H, CH2); 1.25 (s, 3H, CH2);
(200.13 MH2z) 3.38 (s, 3H, OCH3); 1.2 - 24 (m, 7H, CH2 & CH); 3.90 (d,

J=176Hz, 1H); 435 (d, J= 17.6 Hz, 1H); 9.3 (bs, 1H).

5.6.3 General procedure for the preparation of b-lactams 5.1a-k

To a olution of acid (1 mmol) and trichloroacetonitrile (2 mmol) in dry CH.Cl, (5 ml),
a olution of triphenylphospine (2 mmoal) in dry CHCkL (3 ml) was added a O °C and
dirred for 30 min. This mixture was then dowly added to a solution of imine (0.5 mmoal)
and triethylamine (6 mmol) in CH.CL (20 ml) & 0 °C over a period of 15 min. The
reection mixture was dlowed to warm-up to room temperature and sirred further for 12
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h. It was washed successvely with water (20 ml) satd. NaHCOz (20 ml) and brine (10
ml). The organic layer was dried (Na2SO4), concentrated and the product was purified by
ayddlization from methanol or column chromatography to give pure b-lactams 5.1a-k
in 56 to 71% yidds

Synthesis of 4-p-Anisyl-3-phenoxy-1-phenylazetidin-2-one5.1a

The b-actan 5.1a was prepared following the <andard procedure between
phenoxyacetic acid and the imine derived from p-anisddehyde and aniline in presence of
triethylamine, using the trichloroacetonitrile and triphenylphospine as acid activators.

IR - 1739 cm?

HNMR - 375 (s 3H), 535 (d, J = 54 Hz, 1H), 550 (d, J = 54 Hz,
(200.13 MH2z) 1H), 6.75-7.50(m, 14H).

Analysis . Cdculaed C: 76.49; H: 5.54: N, 4.05.

C2H 19NO3 Found C:76.31; H:5.18; N: 3.85.

Synthesis of 1-p-Anisyl-3-phenoxy-4-phenylazetidin-2-one5.1b

The b-actan 5.1b was prepared following the dandard procedure between
phenoxyacetic acid and the imine derived from p-anigdine and benzadehyde in presence
of triethylamine, using the trichloroacetonitrile and triphenylphospine as acid activators.

IR - 1753 cm*t

H NMR : 375 (s 3H), 540 (d, J = 54 Hz, 1H), 560 (d, J = 54 Hz,
(200.13 MHz) 1H), 6.70-7.50 (m, 14H).

Analysis : Cdculated C: 76.49; H: 554: N, 4.05.

CH1sNO3 Found  C:76.23;H:521; N: 393.

Synthesis of 1,4-Bis(p-anisyl)-3-phenoxyazetidin-2-one 5.1c

The b-actan 5.1c was prepaed following the <sandard procedure between
phenoxyacetic acid and the imine derived from panisddehyde and p-anisdine in
presence of triethylamine, using the trichloroacetonitrile and triphenylphospine as acid
activators.

IR - 1739 om?
HNMR - 385 (s 6H), 540 (d, J = 5.4 Hz, 1H), 5.60 (d, J = 5.4 Hz,
(200.13 M Hz) 1H), 6.80-7.50 (m, 13H)

14



Analysis :  Cdculated C: 7357, H: 5.64: N, 3.73.
C23H2NO4 Found  C:7320; H: 4.81; N: 3.56.

Synthesis of 1-p-Anisyl-3-methoxy-4-phenylazetidin-2-one 5.1d

The b-actamn 5.1d was prepared following the dandard procedure between
methoxyacetic acid and the imine derived from p-anisidine and benzadehyde in presence
of triethylamine, using the trichloroacetonitrile and triphenylphospine as acid activators.

IR - 1741 cm?

'HNMR : 315 (s 3H), 3.70 (s, 3H), 4.75 (d, J = 55 Hz, 1H), 5.15 (d,
(200.13 MHz) J=55Hz, 1H), 6.70-7.50 (m, 9H)

Analysis :  Cdculated C: 72.06; H: 6.01: N4.94.

CiH17NO3 Found C:71.96; H6.04; N: 4.75.

Synthesis of 1-p-Anisyl-3-phenoxy-4-styrylazetidin-2-one 5.1e

The b-actan 5.1e was prepared following the dandard procedure between
phenoxyacetic acid and the imine derived from p-anisdine ad dnnamddehyde in
presence of triethylamine, usng the trichloroacetonitrile and triphenylphospine as acid
activators.

IR : 175lom?t

'HNMR - 375 (s 3H), 500 (dd, J = 44 & 81 Hz, 1H), 550 (d, J =

(200.13 MH2) 44 Hz, 1H), 6.30 (dd, J = 81 & 15.7 Hz 1H), 6.75-7.50
(m, 15H).

Analysis :  Cdculated C: 77.59; H: 5.70: N: 3.77.

CoHxNO3 Found C:77.38; H:5.42; N: 3.80.

Synthesis of 3-Phenoxy-1-phenyl-4-styrylazetidin-2-one 5.1f

The b-actam 5.1f was prepared following the <andard procedure  between
phenoxyacetic acid and the imine derived from aniline and cinnamadehyde in presence
of triethylamine, using the trichloroacetonitrile and triphenylphospine as acid activators.

IR 1739 omt

H NMR : d 560 (dd, J = 54 & 81 Hz, H), 6.15 (d, J = 5.4 Hz, 1H),
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(200.13 MH2) 650 (dd, J = 81 & 15.0 Hz, 1H), 6.70 (d, J = 15 Hz, 1H),
6.75-7.80 (M, 15H).

Analysis : Cdculated C: 80.90; H: 5.61; N: 4.10.

CoH 19NO> Found C:80.51; H: 545; N: 3.87.

Synthesis of 3-Phenoxy-4-styryl-1-m-tolylazetidin-2-one 5.1g

The b-lactam 5.1a was prepaed following the doandard procedure between
phenoxyacetic acid and the imine deived from m-toluidine and dnnamddehyde in
preence of trigthylamine, usng the trichloroacetonitrile and triphenylphospine as add
activators.

IR ;. 1755am’”

'HNMR : d235(s 3H), 500 (dd, J=5.2 & 81 Hz, 1H), 550 (d, J =

(200.13 MHz) 5.2 Hz, 1H), 6.20 (dd, J = 81 & 15.7 Hz, 1H), 6.757.50
(m, 15H).

Analysis : Cdculaed C: 81.09; H: 5.96: N: 3.94.

CoH 2NO;, Found C:8100; H: 6.34 N: 3.77.

Synthesis of 1-p-Anisyl-3-phthalimido4-styryl azetidin-2-one5.1h

The b-lactam 5.1h was prepared following the dandard procedure between
phenoxyacetic acid and the imine derived from p-anisddehyde and aniline in presence of
triethylamine, using the trichloroacetonitrile and triphenyl phospine as acid activetors.

IR - 1743,1728cmi*
'H NMR :d 375 (s 3H), 500 (dd, J= 58 & 88 Hz, 1H), 567 (d, J=
(200.13 MHz) 58 Hz, 1H), 6.31 (dd, J = 88 & 16.1 Hz, 1H), 6.79 (d, J =

16.1 Hz, 1H), 6:86 (d, J = 88 Hz, 2H), 7.257.35 (m, 3H),
7.46 (d, J= 88 Hz, 2H), 7.71-7.85 (m, 4H).

Analysis : Cdcaulaed C: 72.06; H: 6.01: N4.94.
CiH7NO3 Found  C:71.96; H6.04; N: 4.75.
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Synthesis of 1-p-Anisyl-3-methoxy-4-styryl azetidin-2-one5.1i

The b-lactam 5.1i was prepared following the standard procedure between phenoxyacetic
acid and the imine deived from p-anigdine and cdnnamddehyde in presence of
triethylamine, using the trichloroacetonitrile and triphenyl phospine as acid activators.

IR - 1745cm*

HNMR :d 350 (s 3H), 3.70 (s 3H), 4.70-4.85 (m, 2H), 6.30 (dd, J
(200.13 MHz) =7 & 15Hz, 1H), 6.75-7.00 (m, 3H), 7.20-7.50 (m, 7H).
Analysis :  Cdculaed C: 73.76; H: 6.19 N: 452

CiH vNO3 Found C:73.38H:598N: 4.35.

Synthess of 1p-Anisyb4-gyryl-3- [ 7¢  7étrimethyl-3¢methoxy]bicydo(4.1.0)hept-
46 yi-oxy|azetidin-2-one 5.1

The b-lactam 5.1j was prepared following the standard procedure between the acid 5.03
and the imine derived from p-anisdine and cinnamadehyde in presence of triethylamine,
using the trichloroacetonitrile and triphenyl phospine as acid activators.

IR - 1740 om},
HNMR - 071 (s 3H), 087 (s 3H), 1.02 (m, 1H), 1.27 (s, 3H), 1.55-
(200.13 M Hz) 215 (m, 6H), 327 (s 3H), 375 (s, 3H), 470 (dd, J = 48 &

95 Hz, 1H), 542 (d, J = 48 Hz, 1H), 637 (dd, J = 85 &
14.4 Hz, 1H), 6.85 (m, 3H), 7.15-7.55 (m, 7H);

Analysis :  Cdculaed C: 72.06; H: 6.01: N4.94.
C1HNO3 Found  C:71.96; H6.04; N: 4.75.
d [a]p® - -3.3(c1.2, CHCL).
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Section B _ _ _ _ _
Hexachloroacetone-Triethylphospite, a Novel Acid Activator in

the Stereocontrolled Staudinger Reection

5.3B : Present work

Having sudied the combination of trichloroacetonitrile-triphenylphospine as  activators
and obtained good yields in the [2+2] cydoaddition reection, we thought it worthwhile to
sudy the synthetic utility of hexachloroacetone-triethylphosphite as mild reegents for the
activetion of acids in the Staudinger reaction. This methodology offers acid free reaction
conditions and smple work-up procedure, since the by-products formed in the reaction

arewater -oluble

5.4b . Results and discussions

Hexachloroacetone in combination with triphenylphospine is recently used for the
preparation of add chloride fom adds’. We employed this reagent for one-step
cydoaddition reection of acids and imines to get b-lactams. We found the reaction to be
messy, ad it gave poor yidds of b-lactams. Also, the triphenylphospine oxide formed
has to be removed by tedious column chromatography. A combingtion of
hexachloroacetone and  triethylphosphite, on the other hand, not only gave improved
yidds of b-lactams 5.2a-j (Table-5.2), but dso the work-up procedure was smplified to

mere washing of the organic extract with waer to remove dl the waer soluble by-
products (Scheme -5.8).

Scheme-5.8

R1 H H
j\i)CI3ccoc:C|3/(Et0)3P,ooc,30mirR1 - = R2

) R2\_N , 00C to rt 12hr j/jNr

AN

0" OH
“R3 o R3

5.1 a-e, 5.1j, 5.1l-0
The cydoaddition reaction was found to be dereosdective and only cisb-lactam

formation was observed. To explore the generdity of this method, severd subdtituted b-
lactams were synthesized in good yidlds (T able-5. 2).

15¢€



Table-5.2: Synthess of b-actams (5.1a-e, 5.1j, 5.1l-0) from adds and imines usng
Hexachloroacetone and triethylphosphite as acid activators.

Smo | R R° R’ Product Yidd (%) | M.P.(°C)
1 PhO PMP Ph 5.1a 528 151
2 PhO Ph PMP 5.1b 63.8 185
3 PhO PMP PMP 5.1c 405 166
4 MeO Ph PMP 5.1d 611 161
5 PhO Styryl PMP 5.1e 605 180
+ gOMe
6 p---% Styryl PMP 5.1j 61.6 23
H <
7 PhO Styryl Benzyl 5.1l 545 87
8 PhthN Syryl mToyl  5.1m 52.2 197
9 PhO Styryl mTolyl  5.1n 45.6 162
10 Ph PMP 5.10 60 148 -
[ : l N 150°C
N\
M echanism:
Q cl
EtO\P/ Ot . )k EtO\L/OEt 0
| clc ccl, g | + )L
Ot OFt cl,c ccl,
R1
0" OH
OFt
EtOL| ¢
g0 O R1
\I'O‘I/\
OFEt R2
Eto\/ é\/c' ELN, j\} R1 R2
EO o\”/\ R1 “r3 );(
N
© o} “R3
5.2 (a+)
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5.4b.1 L- (-)-Menthyl derived ketene precursor.

The opticdly pure menthyloxyacetic acid 5.05 was sdected as a mode chird
ketene precursor for the diastereosd ective synthesis of b-lactams.

Preparation of menthyloxyacetic acid 5.05.

The dkylation of seconday dooholic group of L-(-)-menthol 5.04 with
chloroacdtic add usng sodium metd in dry toluene under reflux condition gave
menthyloxyacetic acid 5.05 in good yidd™ (Scheme-5.9).

Na, CICH,COOH

Toluene, reflux
OH

/-\ /\ COOH
5.04 5.05

Scheme-5.9

The IR spectrum of 5.05 showed a broad band a 3600-2800 for OH dretching
and 1730 for the acid carbonyl stretching. The 'H NMR spectrum of 5.05 showed two
doublets a 0.53 and 065, each for three protons of gem dimethyl group with 8 Hz
coupling congant. The angular methyl group appeared as doublet a 0.70. Severd
multiplets gppeared in between 0.75 and 293 for the mehine and methylene protons.
Due to diagereotopic naiure, the methylene protons adjacent to carboxylic group
appeared as two doublets a 3.75 and 3.90 with 16 Hz coupling condant. A broad singlet
gopeared a 7.0 wasinterpreted for carboxylic proton.

5.4b.2 Preparation of b-lactams5.10.

The add 5.05 on annulations reaction with the imine usng trichloroacetonitrile
and triphenylphospine a 0 °C gave 5.10 as a diastereomeric mixture of b-lactams 5.10 in
good yidd (Scheme-5.10). However, the diastereosdectivity obtained in this reaction
was very poor as corfirmed by 'H NMR spectra data of the crude reaction mixture,
which showed the presence of two diastereomers in dmost equa proportions. Moreover,
these diasereomers could not be separated ether by column chromatography or by
crysdlizetion.
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Scheme5.10

i. cl,ccoccl (EtO)3 d
OT - JEt3N
/\

5.05 \PMP o PMP o PMP

Reagents and Conditions: i) EtaN/PhO-P (O)-Cl,/dry CH,Cl,, °Ctor. t.

The structure of the diastereomeric mixture 5.10 was confirmed from IR and H
NMR spectrd and andlytica data of the mixture. The *H NMR spectrum of 5.10 showed
two sats of dgnds, implying the presence of two diastereomers. The gem dimethyl
groups of the chird auxiliary appeared as two sets of doublets a 0.55 & 0.85 and 0.75 &
0.87 with J vdue of 7 Hz. each st integrating for a tota of three protons. The angular
methyl group was appeared as doublets a 0.93 & 0.98 for two diastereomers. The ratio
of thee diastereomers was found to be 1.1 from the reative pesk integration. The
methylene and methine protons of the chird auxiliay were gopeared as multiplets in
between 1.05 and 240, integrating for a totd of nine protons. The methine proton
adjacent to the oxygen aom appeared as a multiplet in between 322 and 3.50,
integreting for a totd of one proton. The methoxy proton appesred as a snglet & 3.75
integrating for three protons. The G4 proton of the diastereomeric mixture appeared as a
multiplet & 4.78, integrating for totd one proton. The C-3 proton of theb-lactam ring
was gppeared as doublets a 4.93 and 4.97 for two isomers with J vaue of 5 Hz. Two of
the aomdtic protons gopeared as doublets a 6.83. Severd multipletls appearing in
between 7.22 and 7.50 accounted for total seven protons of the aromatic groups. The IR
spectrum showed a band a 1740 for the b-lactam carbonyl sretching. This compound
gave sdtisfactory microandyss.

5.4b Conclusions

The combination of hexacloroacetone and triethylphosphite was successfully  employed
in the [2+2] cydoaddition resction, which provided cis b-lactams in good yieds These
reegents were found to be mild and could be used in reactions where substrates were

sengtive to minerd acids (carene derived acid, entry no 6, Table- 5.2).
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5.5b  Experimental

5.5b.1 Preparation of acid5.05

To a solution of K-)-menthal 5.04 (10 g, 65 mmoal) in dry toluene (60 mL), clean
sodium pieces (2 g) were added and gently refluxed for 15 h. The reaction mixture was
dirred a such a rae tha the sodium was broken into fine globules. The reaction mixture
was cooled to room temperaiure and the unreacted sodium was removed by filtration
through glass wool. The filtrate was heated to 85 — 90 °C and a solution of chloroacetic
acid (24 g, 25 mmoal) in dry toluene (50 mL) was added with girring in such a way that
the refluxing should not be vigorous. A heavy precipitate of sodium chloroacetate forms
immediaidy. After the addition of chloroacetic acid, the reaction mixture was refluxed
for 48 h. The reaction mixture was cooled and diluted with toluene (200 mL). It was then
extracted with water (3 x 250 mL). The agqueous layer was acidified with 20% HCI. The
crude menthyloxyacetic acid, which separates as brown oil on the top, was extracted with
benzene (2 x 30 mL). The remova of benzene by didillation under reduced pressure
afforded crude product, which was purified by fractiond didillaion and the fraction
bailing a 100 - 115°C/8-10 mm gave 9.0 g (65%) of required acid 5.05.

IR . 3800-2800, 1730.
HNMR © 053 (d, J =8 Hz, 3H, CH3; 065 (d, J = 8 Hz, 3H, CH3;
(200.13 MH?z) 07 (d, J = 6 Hz, 3H, CH3): 0.75 0.90 (m, 3H); 095 - 1.20

(m, 2H, CHp); 1.27 - 1.50 (m, 2H, CHy); 1.70 - 1.90 (m,
1H, CH); 1.93 - 2.2 (m, 1H, CH); 293 (m, 1H, CH); 3.75
& 3.90(d,J = 16 Hz, 1H, CHy); 7.0 (bs, 1H, OH).

5.5b.2 General procedurefor the preparation of b-lactams 5.1a-€,

5.1j, 5.1-0

To a solution of the acids (2 mmol) and hexachloroacetone (4 mmol) in dry
CH2Cl2 (5 ml), a solution of triethylphosphite (3 mmoal) in dry CHCl2 (5 ml) was added
a 0 °C and dtirred for 30 min. This mixture was then dowly added to a solution of imine
(1 mmol) and triethylamine (6 mmol) in CH.Cl, (20 ml) & 0 °C over a period of 15 min.
The reaction mixture was then dirred a room temperature for 12 h. It was washed
successvely with water (20 ml), satd. NaHCO3 (20 ml) and brine (10 ml). The organic
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layer was dried (Na:SO4), concentrated and the product was purified by crystalization or
column chromatogrgphy to give the b-lactams (5.1 ae, 5.1 j, 5.1 o) in 40 to 64%
yields. The datafor the compounds5.1 ae, 5.1 ] was discussed in the previous section.

This method has dso been used for the synthess of b-lactams derived from acids,
which are sengitive to minera acids or thionyl chloride (see entry 6).

Preparation of b-lactam 5.1 o.

To a mixture of F(-)-menthyloxyecetic acd 5.05 (0257 g, 1.2 mmol), and
hexachloroacetone (4 mmol) in dry CHxXl2 (5 ml), a solution of triethylphosphite (3
mmol) in dry CH.Cl, (5 ml) was added a 0 °C and tirred for 30 min. This mixture was
then dowly added to a solution of imine (1 mmol) and triethylamine (6 mmoal) in CHxCl,
(20 ml) & 0 °C over a period of 15 min. The reaction mixture was then stirred a room
temperature for 12 h. It was washed successvely with water (20 ml), sstd. NaHCOs (20
ml) and brine (10 ml). The organic layer was dried over NaSO,. It was filtered and
filtrate on concentration under reduced pressure provided the b-lactam 5.10 as a
diastereomeric mixture (0.315 g, 60%). This diagereomeric mixture could not be
separated either by column chromatography or cryddlization. The spectrd and andyticd

data for the diastereomeric mixture is as follows,

M.P. . 148-150°C

IR . 1740

'HNMR : 055 & 085 (d, J=7 Hz, totd 3H, CH3); 0.75& 0.87 (d, J
(200.13 MH2z) = 7 Hz, totd 3H, CHy); 0.93 & 0.98 (d, J =7 Hz, total 3H,

CHg); 105 - 1.70 (m, tota 6H, CHy); 197 - 240 (m, totd
3H, CH); 3.22 & 350 (m, totd 1H, CH); 3.75 (s, totd 3H,
OCHa); 478 (m, totd 1H, C4H of mgor & minor
isomers); 493 & 4.97 (two d, J = 5 Hz, totd 1H, C3H of
mgor & minor isomers); 6.83 (d, J = 10 Hz, 2H, Ar); 7.22
-7.50 (m, 7H, Ar).

Analysis : M. F. CxH3s0aN
Cdculated: C, 77.5; H,814; N, 3.23.
Found: C, 7718 H,833 N, 3.34.
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Synthesis of 1-Benzyl-3-phenoxy-4-styryl-azetidine-2-one 5.11

The b-actan 5.1a was prepaed following the dsandard procedure between
phenoxyacetic acid and the imine derived from p-anisddehyde and aniline in presence of
trithylamine, usng the resgents hexachloroacetone and triethylphosphite as acid
activators.

IR Y4

'H NMR : 409 (d, 1H, J = 14 Hz), 441 (dd, 1H, J = 4 Hz each), 4.74

(200.13 MHz) (d, 1H, J = 14 Hz), 5.35 (d, 1H, J = 4 Hz), 6.11 (dd, 1H, H
=6 Hz, 8Hz), 656 (d, 1H, J= 16 H2).

Analysis :  Cdculaed C: 72.06; H: 6.01: N4.94.

CiH 17NOs3 Found  C:71.96; H6.04; N: 4.75.

Synthesis of 3-phthalimido-4-styryl-1-m-tolyl-azetidin-2-one 5.1m

The b-actan 5.2h was prepaed following the dandard procedure between
phenoxyacetic acid and the imine derived from p-anisddehyde and aniline in presence of
triethylamine, usng the reagents hexachloroacetone and triethylphosphite as  acid
activators.

IR . 1770, 1753.

H NMR . 235 (s 3H), 510 (dd, 1H, J =5.1 Hz, 11 Hz), 6.3 (dd, J =

(200.123 MH2z) 83 Hz, 161 Hz), 6.75 (d, 1H, J = 16.1 Hz), 6.957.90 (m,
13H).

Analysis :  Cdculated C: 72.06; H: 6.01; N4.94.

CiH17NO3 Found C:71.96; H6.04; N: 4.75.

Synthesis of 1-m-tolyl-3-phenoxy-4-styryl-azetidin-2-one 5.1n

The b-actan 5.1a was prepaed following the dsandard procedure between
phenoxyacetic acid and the imine derived from p-anisddehyde and aniline in presence of
triethylamine, usng the reagents Hexachloroacetone and triethylphosphite as acid
activators.

IR . 174923
H NMR . 230 (s 3H), 50 (dd, 1H, J =4.9 Hz, 11 Hz), 550 (d, 1H, J
(200.13 MHz) = 49 Hz), 6.25 (dd, 1H, J = 14.2 Hz, 85 Hz), 6.95 (d, 1H,
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Analysis
C1H 7NO3

J=14.2 Hz), 7.07.50 (m, 14H).
Cdculated C: 72.06; H: 6.01; N: 4.94.
Found C:71.96; H: 6.04; N: 4.75.
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