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ABSTRACT

The introductory chapter 1 of the thesis presents a brief account of transition
metal-catalyzed halogen atom transfer radical cyclization (HATRC) of polyhalo
compounds leading to the formation of various cyclic systems. It also describes the
effect of ligands, exo vs. endo mode of cyclizations, use of reactive and less reactive
polyhalo compounds in HATRC and application of HATRC in natural product
synthesis, which are relevant to the new work presented in the succeeding chapters 2-
4. The new work is primarily concerned with the application of CuCl-catalyzed
HATRC in the presence of 2,2°-bipyridine (bpy), tetramethylethylenediamine
(TMEDA) or pentamethyldiethylenetriamine (PMDETA) ligand to the synthesis of
some new chlorine-containing compounds such as 2,4-disubstituted 3-chlorofurans,
chlorinated bicyclic C-fused tetrahydrofuro[3,2-c]azetidin-2-ones and sugar-based
chlorinated tetrahydrofuro[2,3-b]pyrans. It also describes application of 3-
chlorofurans in the synthesis of highly substituted m-chlorophenolic biaryls by
chlorine substituent promoted Diels-Alder reaction.

2,4-Disubstituted 3-chlorofurans were synthesized from readily available
2,2 2-trichloroethyl allyl ethers. The method involves CuCl/bpy-catalyzed
regioselective HATRC of 2,2,2-trichloroethyl allyl ethers 1 (Scheme 1) as the key
step. The allyl ethers were easily prepared by allylation of 2,2,2-trichloroethanols with
allyl bromide in THF-DMF mixture (4:1 v/v) in the presence of NaH. The
regioselectivity of the reaction was excellent in that only five membered ring was
formed by 5-exo-trig radical cyclization to afford the tetrahydrofurnas 2 exclusively.
Tandem double dehydrochlorination and isomerization of the tetrahydrfurans 2 with
DBU in refluxing benzene furnished the desired 2,4-disubstituted 3-chlorofurans 4 in

42-77% overall yields.
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The Diels-Alder reaction of the chlorofurans 4(/-n) with dimethyl
acetylenedicarboxylate (DMAD) was investigated. The results showed that the
chlorofurano diene moiety participated exclusively in the Diels-Alder reaction in the
presence of a non-chlorinated furano diene as in 4/ or in the presence of chlorinated
exocyclic diene moieties as in 4m and 4n (Scheme 2). The structure of 5/ was
confirmed by single crystal X-ray diffraction spectroscopy. These experiments
provided experimental support by intramolecular competition to the theoretical
predictions that a halogen substituent on the furan ring would facilitate its Diels-Alder

reaction more than when it is present at an acyclic or a cyclic carbo-diene.
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The halogen effect in furan Diels-Alder reaction was exploited in the synthesis

of a series of highly substituted m-chlorophenolic biaryls by Diels-Alder reaction with

DMAD (Scheme 3).
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Scheme 3

B-Lactams are important antibiotics, inhibitors of B-lactamases and other
mammalian enzymes and synthetic intermediates. Therefore, they are important
synthetic targets. Chapter 3 describes a new synthetic route to chlorinated C-fused
tetrahydrofuro[3,2-c]azetidin-2-one using HATRC as the key step, as shown in
Scheme 4. The allylic imidates 9 were prepared by reaction of easily accessible

imidoyl chlorides with allylic alcohols in the presence of NaH in quantitative yields.



The allylic imidates 9 on Staudinger reaction with dichloroketene afforded the 3,3-

dichloro-B-lactams 10 in good yields. After screening some ligands, such as bpy

TMEDA and PMDETA, the HATRC of 10 could be realized with 60 mol% each of

CuCl and PMDETA in DCE at reflux under a N, atmosphere for 4 h in a highly

regioselective and diastereoselective manner to furnish the bicyclic C-fused

tetrahydrofuro-B-lactams 11 in high yields through 5-exo-trig HATRC.
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Scheme 4

The B-lactam 12 (Scheme 5) was successfully cyclized with CuCI/PMEDTA (60

mol%, 1:1 mol equiv mixture) in DCE under reflux for 4 h by 5-exo-trig radical

cyclization in a highly diastereoselective manner to afford the bicyclic B- lactams 13,

in good yield.
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Scheme 5



In most of the cases, only one diastereomer was isolated. Single crystal X-ray
diffraction of 9 (R' = Ph, R =R’ = H) and 9 (R' = Ph, R*> = H, R* = Ph) showed cis-
ring fusion and frans relationship between the bridge-head chlorine atom and the
adjacent side-chain on the tetrahydrofuran ring. The similarity of their NMR spectra
with those of the other bicyclic B-lactams 11 indicated that probably all the bicyclic B-
lactams 11 had similar stereostructures. Single crystal X-ray diffraction also revealed
that the monocyclic B-lactam 12 was obtained as RR and SS enantiomeric mixture of a
single diastereoisomer by highly diastereoselective Staudinger reaction which on
HATRC fumished a 78:22 mixture of two not easily separable diastereomers 13.
However, the side chain in these diastereomers was arguably oriented cis to the
bridge-head chlorine as suggested by considerably different values of the vicinal
coupling constants (1.8-3.5 as against 10.8-7.5 Hz in 11) between the tetrahydrofuran
ring protons, probably due to difference in the puckering of the THF ring. The
cyclization of the p-lactam 14 (Scheme 6) having an alkynic radical trap occurred
exclusively by 5-exo-dig radical cyclization to afford the B-lactam 15 with an E-
exocyclic double bond. The cyclization of 16 (Scheme 6) having a substituted
homoallyic group as the radical trap was carried out in benzene under reflux. The
bicyclic B-lactam 17 was isolated as a single diastereomer in 62% yield. The 7-endo-
trig cyclization was probably favored due to steric hindrance for the 6-exo-trig
cyclization. The stereostructures of the bicyclic B-lactams 15 and 17 were also

supported by X-ray diffraction spectroscopy.
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Scheme 6
In order to demonstrate the application of the side-chain chlorine atom in
further elaboration of the bicyclic B-lactams, the B-lactam 9 (R1 = 4-MeOCgH,, R* =
R*® = H) was converted to the azide 18 (Scheme 7) by treatment with sodium azide
which on copper(I)-catalyzed azide-alkyne click reaction with phenylacetylene

furnished the triazolyl p-lactam 19 in 42% yield.
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DMF, 12 h, N CuS04.5H,0 N
0 Q 65 °C o Q Na-ascorbate Ph o Q
[¢]
0 18 65°C, 12h 19 (42%)

OMe OMe OMe

Scheme 7

Application of the CuCl/bpy-catalyzed HATRC to sugar-derived unsaturated
trichloroethyl acetals offered a simple and convenient route for the preparation of
sugar-based chlorinated fused bicyclic acetals, which is described in chapter 4. This
type of fused bicyclic structure is frequently found in nature as a structural sub-unit of
many biologically active natural products. They are also useful building blocks for the
synthesis and modification of sugar templates. Thus, the trichloroethyl acetals 20(a-d)

(Scheme 8), 22(a-d) and 25 were prepared by BF3-Et,O-catalyzed Ferrier reaction of
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tri-O-acetyl-D-glucal 20, tri-O-acetyl-D-galactal 22 and hexa-O-acetyl-D-lactal 24
with primary and secondary 2,2,2-trichloroethanols in benzene at 25-30 °C. After
work up and purification of the crude residual mass by column chromatography, an
epimeric mixture (in the case of reaction with secondary trichloroethanols) of a-
anomer was isolated in acceptable yields. The reaction was generally highly
diastereoselective, giving one epimer in major amounts. The Ferrier rearrangement
furnished the a-anomers selectively with chiral recognition for the S-enantiomer of
the racemic trichloroethanols in the case of tri-O-acetyl-D-glucal and for the R-
enantiomer in the case of tri-O-acetyl-D-galactal. Copper(I)/bpy-catalyzed HATRC of
the Ferrier products 20, 22 and 25 (Scheme 8) using 30 mol% each of CuCl and bpy
in DCE at reflux under a nitrogen atmosphere for 4 h furnished the perhydrofuro[2,3-

blpyrans 21, 23 and 26 by 5-exo-trig HATRC in a highly diastereoselective manner.

R’ OAc
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R? ogc CCl;CHROH R2 /‘é&(H (1:1 mol ratio) cl
Cl
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R R
20, 21: D-glucal derivatives,  20(a-d) 21(a-d)
R'=H,R2=0Ac
22, 23: D-galactal derivatives, 22(a-d) 23(a-d)

R'=0Ac, R2=H
R=a:H, b: Ph,c: C,H; d: n-C3H;

AcO _OAc OAc AcO  OAc OAc 30 mol% CuClbpy
o CCI3CH,OH O (o) (1:1 mol ratio)
Q AcO 07 M
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Scheme 8
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The stereo-structures of the products were determined by "H NMR spectroscopy. In
the case of solid compounds 21a, 21b, 23c and 23d the stereochemistry was further
supported by single crystal X-ray diffraction spectroscopy. The two rings were found
to be cis-fused to each other and in most of the cases, the chlorine atom in the sugar

ring was found to be placed at equatorial position in the six memebered ring.
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