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General Remarks

Mdting points were recorded on Buchi 535 mdting point apparaus and are
uncorrected.

Opticd rotations were measured with aJASCO DIP 370 digital polarimeter.

Infrared spectra were scanned on Shimadzu IR 470 and Perkin-Elmer 683 or 1310
spectrometers with sodium chloride optics and are measured in o™

Proton magnetic resonance spectra were recorded on Varian FT-200 MHZ
(Gemini), AC-200 MHz, MSL-300 MHz and Bruker-500 MHz spectrometer using

tetra methyl slane (TMS) as an internd sandard.  Chemicd shifts have been
expressed in ppm units downfied from TMS.

BC Nuclear magnetic spectra were recorded on AC-50 MHz, MSL-75 MHz and
Bruker-125 MHz spectrometer.

Mass spectra were recorded on a CEC-21-110B, Finnigan Ma 1210 or MICRO

MASS 7070 spectrometer a 70 eV using a direct inlet sysem. FABMS were
recorded on aV G auto spec mass spectrometer at 70 €V using adirect inlet system.

All reactions are manitored by Thin Layer chromatography (TLC) carried out on
025 mm E-Merck dlica gd plates (60F-254) with UV, b and anisddehyde reagent
in ethanol as development reegents.

All eveporations were caried out under reduced pressure on Buchi rotary
evgporator below 50 °C.

All solvents and reagents were purified and dried by according to procedures given
inVogd’s Text Book of Practical Organic Chemidtry.

Slica gd (60-120) used for column chromatography was purchased from ACME
Chemical Company, Bombay, India
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Abstract

The thess entitled “ Synthesis of CMI-546 and oligosaccharides of motifs D
and E of M. tuberculosis’ is divided into three chepters. The firgt chapter highlights the
gynthess of odligosaccharides of matifs D and E of M. tuberculosis. The second chapter
deds with the synthesis of CMI546 (Section 1) and new and efficient method for ()-
trans-25-diaryl tetrahydrofurans (Section 1). The third chapter describes the synthesis of
9-epi-manzecidin B.

Chapter |: Synthesis of olig osaccharides of motifs D and E of M. tuberculosis

M. tuberculosis, which causes tuberculoss, contains two mgor polysaccharides,
lipoarabinomannan (LAM) and aabinogdactan (AG) on its cdl wal in which both the
ardbinose and gdactose resdues are found in the furanose form. The five mgor motifs of
AG namdy motifs A-E have been isolated and characterized. The oligosaccharide
gructure of motif E is sericaly much complicated because both 5 and 6 postions of the
reducing gdactofuranose component ae linked with adbino- and gdactofuranosyl
resdues respectively. Motif D mainly condsts R-D-gdf (1® 5-galf repeating units. This
chapter describes the synthesis of trisaccharide (1) and disaccharide (2) present in moatifs E
and D regpectivdy. We have envisoned that the synthess of these oligosaccharides
requires three principa building blocks, viz, aglycone 3 and glycosyl donors 4 and 5
(figure 1).

Figure 1

OEt
F_? E ; AcO
m ¢ 5o CCI o CCI
HO Aco:FrA
TBDPSO AcO
HO
HO

4

Trisaccharide (1) Disaccharide (2)

Our first concern was the preparation of 3, which was obtaned from known diol
(6) by the treatment of TBDPS-Cl. Glycosyl donor 4 was obtaned by sdective
deprotection of 1-O-acetyl group o known tetra acetate (7) with BwSnOEt and
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subsequent exposure to CClCN-DBU. Compound 5 was yntheszed from known penta
acetate (8) (scheme ).

Scheme 1

<«— D-Galactose —>
HO HO AcO AcO
TBDPSO OBn HO AcO AcO
D-Arabinose /\w /@wo Cl,

The coupling reection between 3 and 4 was caried out with BFzOEt, as an
activetor to give 9, which was isolated and characterized after Zemplen deacetylation. The
H, ¥C NMR and FAB MS spectrd data clearly confirmed the structure of 10. Compound
10 was trandormed into penta-O-benzyl derivaive (11) followed by cleavage of TBDPS
ether linkage gave 12. The glyco sylaion reaction of 12, with gdactofuranosyl
derivatives, tuned out to be a difficult propodtion because trichloroacetimidate
methodology, SEt mediated glycosdation and Heferich reection faled. Findly, Fraser-
Reid's n-petenyl glycoddetion techniqgue was successful. Thus, pentaacetate (8) was
converted to pentenyl glycosde (13) in the presence of 4-pentene-1-ol and BF;:OEt,. The
coupling reaction between 12 and 13 in the presence of N-iodosuccnimide and triflic adid
gave 14. Zemplen deecetylation of 14 provided 15, which was andyzed by *H and C
NMR spectrd data Findly compound 15 was debenzylated over Pd(OH), to the target
molecule (1) (scheme 2).

Scheme 2

o OEt BnO™Y O EJ /w

Ot
3+4——m F 7 1@ P 7 B, O _.OHO:|L;
o}
TBDPSO OBEO OBn
RO . HO
9R=Ac, 10R = H 12 RO Ho—  OH

11R=Bn 14R=Ac,15R=H 1
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Synthesis of disaccharide (2): Having both the aglycone @) and glycosyl donor (13) in
hand, the coupling reaction was attempted. But the reaction was not successful. Thus, the
known did (6) was converted to the tri benzyl derivative 16 with Bu,SnO/BnBr. The
coupling reaction between 13 and 16 mediated by NIS and TfOH gave the disaccharide
(17), which was then descetylated under Zemplen conditions. The 'H and *C NMR
gpectra of 18 were in complete agreement with the assigned dructure. Findly, compound
18 was debenzylated by hydrogenolysis over Pd(OH), to give the target disaccharide @)

(scheme 3).

Scheme 3
o OEt
P ? EOHj
o e
13 4+ HO OBn OH OH
BnO Bn RO OBn OH
16 RO HO OH
17R=Ac,18R=H 2

Chapter I1
Section |: Synthesis of CM1-546 (1): A potent PAF receptor antagonist

Lignans of 25dayl-tetrahydrofuran series were identified as competitive PAF
receptor antagonits. The compound endowed with 2, 5transjunctiion diaryl
sereochemicd rdadionship, exhibited excdlent activity profile then that of cisisomer.
Recently CMI-546 (1) hes identified and developed as a potent 5-LO inhibitor and PAF
receptor antagonists there by adjusting as the curator for chronic asthma This section
describes the synthesis of CMI-546(1).

OH

H 1
MeO N O\/\,N N f g
o g
(0]
MeO o
OMe 0,8 ™"
CMI-546(1)

We began the synthesis from 34-dihydroxybenzadehyde (2), which was converted
to compound 3 following the sequence of reactions (i) monobenzylation (i) iodination and
(i) O-dkylaion. Compound 3 on trestment with grignard reegent (4) afforded the
doohal5, which was cydized to 6 in the presence of pTSA. The 'H NMR and FAB MS
gpectrd data confirmed the structure of 6. Converson of iodide in compound 6 to propyl
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alfide 7 and oxidation of sulfide 7 gave sulfone 8. The gSlyl acetd 10 was obtained by
hydrolyss of 8 to lactol followed by protection with TBS-Cl. The dtructure of 10 was
confirmed by *H NMR and FAB MS spectral data. Exposure of 10 to TMSBr at —78 °C
followed by the addition of 345 trimethoxyphenylmagnesumbromide (11) provided the
(+)- trans12 (scheme 1) whose sructure was confirmed by H NMR, FAB MS and
HRMS spectral data.

Scheme 1
CHO CHO MgEr
[Y\/ ] ' o” V'oMe
o~ — e ——
OH I OBn
OH o OBn
2 3 6
~
j@ﬂv‘ OSD/OAOTBS j@ [)C[
oS
~L

OS/\/

12

Unmasking of O-Bn group from 12 followed by O-dkylaion with N-(3
bromopropyl) phthdimide (14) gave 15. The phthdimide group in 15 was deprotected
with hydrazine hydraie to provide an amine (16), which on trestment with triphosgene and
N-(O-benzyl) butyl amine (17) furnished the compound 18. Findly, CMI-%46 (1) was
obtained by the deprotection of benzyl group from compound 18 (scheme 2). The H
NMR, FAB MS and HRMS spectra datawere in agreement with the assigned structure.

Scheme 2

MeO A O«~_NPhth
O —
: : MeO: : o~
OMe 0,5~
15

OMe

MeO O\/\,Nn/N\/\/ MeO O\/\,NnrN\/\/
MeO ; MeO ;

18 CMI-546(1)
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Section I1: New and efficient method for ()- trans-2, 5-diaryltetrahydrofurans

Recently a number of trans25-diaylteranydrofurans have been identified,
gyntheszed and ther anti-PAF activities evauated. All these syntheses have involved a
number of synthetic steps, frequently proceed in low overdl yidd which prompted us to
devdop a new and efficent method for the synthess of (x)- trans2, 5
diaylterahydrofurans. This section describes the synthess of (x)- trans2, 5
diaryltetrahydrofurans (19 & 20).

Aldehyde 21 on exposure to acetylenemagnesumbromide provided the dkyne 22,
which on treatment with ethylmagnesiumbromide a 60 °C followed by the addition of 21
gave 23. Compound 23 upon hydrogenation gave the diol 24, which was cydlized in the
presence of TFA to afford (x)- trans19 (scheme 3). Smilaly, (¥)-trans2- (345
Trimethoxyphenyl)-5-  (3methoxy-4-propoxyphenyl)  tetrahydrofuran (20) was  dso
obtai ned starting from 3-methoxy-4-propoxybenza dehyde.

Scheme 3

MeO OMe ]Q/L—>
OMe MeO MeO OMe
23 19

Chapter I11: Synthesis of 9-epi-manzacidin B

Recently a nove dass of dkdoids manzacidn A-C (1-3) have been
isolated, which possess a unique dructure consgsing of an eder-linked bromopyrrole
caboxylic add and a 3456-tetrahydropyrimidine ring in which one of the amino group
is atached to the C-9 quaternary carbon center. Although manzacidins exhibit smilar
biologica activities to those of other bromopyrrole dkdoids, only recently tests have been
caried out, owing to the extremdy smal amount of samples avalable from marine
sources. In this context, we intended to synthesze both manzecidin B (2) and 9-epi-
manzacidin B. The present chapter describes the highly stereosdective synthesis of 9-epi-
manzacidin B asits methyl ester derivative (4).

Br 14 13 B 14 13

) \4 HNT SN2 N/*le
NG 1> cooH O\)\' COOMe
H

7 8 Mei H 7 8 Me- H
o) 150H  1° 16

9-epi-manzacidin B

manzacidin B (2) methyl ester (4)
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We began the synthesis of 4 from D-phenyl glydne (5) which was reduced with
NaBH4/l2> followed by the protection of the amine functiondity with PMB and Boc groups
gave 8. Alcohd 8 was oxidized and the resulting ddehyde then subjected to modified
Hormer-Emmons  olefingtion  conditions usng  Sill's  reagent,  big(trifluoroethyl)-2-
phosophonopropionate  ethyl ester to give the (Z2)-defin 10. Compound 10 was then
reduced with DibakH a -78 °C to cisg-amino dlylic doohol 11. The mCPBA
gpoxidation of 11 at —10 °C afforded the syn epoxide 12. Our next aim was to introduce
the amine group regiosdectivity a C-2, for which Hatakeyamas method was employed.
Thus, treetment of 12 with CCBCN/DBU followed by intramolecular epoxide-opening
reaction catalyzed by BF3OEbL a —25 °C afforded the oxazoline 14. Oxazoline 14 was
then converted in to doohol 16 by acd hydrolysis followed by tert-butoxy carbonylation
(Scheme 1).

Scheme 1

BOC\ ~PMB Boc /PMB

EtOOC
N o=
 —

D-Phenylglycine (5)

Boc. _PMB CLC
OH N7 3):N NHPMB BocNH  NHPMB

12 14 16

Our next concern was the oxidaion of phenyl group in 16 to acid. For this purpose,
the PMB group was fird deprotected and the resulting free amine was then protected with
(Boc), to give 18. The two hydroxyl groups in compound 18 were protected with AcO to
give 19. Compound 19 on oxiddion with RuCly/NalO, followed by ederificaion with
CH2N: afforded 21. The deprotection of acetate functiondities from compound 21 with
K2COs/MeOH reaulted in the formation of the expected lactone 22. Condruction of the
tetrahydropyrimidine ring was peformed by successive treatment of 22 with (i) TFA and
(if) methyl orthoformeate to give the acid which was purified after the esterification with
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CH2N,. Completion of the synthess now required ederification of the bromopyrrole
caboxylae with 24 . Thus, treatment of 24 with NaH/trichloroacetylbromopyrrole(25) in
DMF a room temperatureto give the required compound 4 (Scheme 2).

Scheme 2
BocNH NHBoc BocNH NHBoc
AcO >
16 —— — = COOMe
Me: H
OAc
19 21
Br
HNTSN /\ HNTSN
—_ HO\/K/}\ —_— O\}J-\/*\
l;_/leé A COOMe N Mex A COOMe
OH H o OH
24 9-epi-manzacidin B

methyl ester (4)
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CHAPTER 1
Synthesis of Oligosaccharides of Motifs D and E
of M. tuberculosis
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I ntroduction

The socid and economicd burden due to mycobacterid diseeses such as leprosy
and tuberculoss ae of unprecedented naure paticulaly as it rdates to deveoping
countries In spite of enormous efforts to develop anti-infective drug molecules,
tuberculosis sl condtitutes the leading killer disease® Seven million new cases and three
million degths occur every year due to tuberculoss and with AIDS becoming epidemic in
many developing countries; this mortality figure is bound to increase a& an darming rate®
After antibiotics to treat tuberculods became widdy avadldble in the 1950s it was
believed that the dissese would eventudly be diminaed. But M. tuberculosis, the
organism that cases the disease, has proven to be very reslient. The specter of a
worldwide resurgence of tuberculoss (TB) and its drug resstant forms has generated an
intense effort to devdop new and more effective therapeutic agents.  Following lines
highlight a brief view to this growing public hedth threst in a chemis's perspective with
litleindght into bidlogy .

Introduction to Mycobacteria

The genus mycobacterium contains three important bacterid  pathogens
Mycobacterium (M.) tuberculosis, M. leprae, M. avium, and an important fast growing
non-pathogenic research species M. smegmatis  Mycobacteria, dthough grictly spesking
grampostive, are reedily didinguished from other bacteria by their unique cdl wal,
which confirms nether to the classcd gram-podtive nor gram-negaive cdl wal but
incdudes features of both.* M. tuberculosis has a very dow growth cyde (dividing every
24 hours, compared with every 20 minutes for Escherichia coli), a complex cdl enveope,
the ability to colonize macropheges and the ability to remain quiescent and then reactivate

decades|ater.®
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M. tuberculosis is trangmitted dmost exdusvely by ar-borne route and "
infectious unit’ is a smdl badllus-containing paticle cdled a droplet nudeus When a
droplet nudeus containing one or two vigble badlli is inhded by an immuno compromised
person, it is depodted in the dveolar surface where the baclli begin to multiply. Initidly,
the infecting organism meets only limited resstance from the hodt, as phagocytoss by
dveolar macrophages has little effect on the badlli, which continue to multiply
intracdlularly in the human host. After severd weeks of infection, the number of
leukocytes in the area decreases and the mononuclear cdls predominate; these crowd
together and contan pae, foamy, cytoplasmic materid which is rich in lipid. The
resulting unit is called a tuberdle, the fundamental lesion of tuberculosis”

Tuberculosis resear ch highlights

The fird milestone in tuberculosis research came way back in 1882 from a German
microbiologist Robert Koch who announced thet the disease TB is caused by a rod shaped
bacteria when he managed to make the bacteria visble only through a staining procedure
that was complicated to perform® Since then, tuberculosis has daimed a least 200 million
lives while sdientigs have been druggling to explan why M. tuberculosis is such a
successful  pathogen.  Also, Koch atributed the complication to the "covering of the
bacterium” and the likdihood thet "the tuberde becillus is surrounded with a specid wal
of unusud properties’. After about 90 years a group led by Parick J Brennan in a
semind work showed’ the importance of the unique cdl wal of M. tuberculosis ad
unraveled the complete fine sructure of its cdl wall.

The primary structure of the cell wall
The basic cdl wal dructure of M. tuberculosis does not differ from that of other

nonpathogenic mycobacteria. It consists of three interconnected "macromolecules’.® The
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outermost of these are mycolic acids, unique 70-90 carbon branched faity acids, which
form outer lipid layer amilar to, but differing from, the dasscd outer membrane of gram-
negative bacteria The mycolic acids ae edeaified to the middle component,
adbinogdactan (AG), a polymer composed primaily of D-gdactofuranosyl and
D-arabinofuranosyl resdues. AG is connected via a linker disaccharide phosphate to the
6-podtion of a muramic acid resdue of the peptidoglycan. The peptidoglycan is the inner
most of the three cel wal core macromolecules. The mgor polysaccharide components
are arabinoglactan (AG) and a lipoarabinomannan (LAM) in which al of the gdactose and
arabinose residues are present in the furanose form.

Structural featuresof Lipoarabinomannan (LAM)

The LAM, which is an antigenic polymer, contains aout 120 sugar resdues 71 of
which are arabinoses and 49 of which are mannoses. Didtinct festures are:
1 WithinLAM, dl ara arein furanose form and man arein pyranosyl form
2 The temind end is a branched hexaarabinofuranoside with the sructure [b-D-araf-
(I® 2)-a-D-ardl)] -3 5a-D-araf- (1® 5)-a-D-araf, amilar tothat in AG
3 Alinear b-D-araf- (1® 2)-a-D-araf- (1® 5)-a -D-araf
4. Ara termini are extensvely cgpped with map residues
5 Mycolic acids are not present in LAM
Structural featur es of Arabinogalactan (AG)
Patid depolymerisation of the per-O-dkylated polysaccharide and andyss of the
generated oligomers by GC-MS and FAB MS has established® the fine structure of

Arabinogdactan as depicted in figure 1. The AG, which is a dructurd polymer, contains

goproximately 100 sugar resdues, 69 of which are arabinofuranoses and 31 of which are
galactofuranoses. Sdient fegtures are:

1 Within AG, dl ara and gal arein the furanose form®
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2 The nonreducing termini of arabinan condst of a branched pentaarabinofuranosyl
gructure [b-D-araf- (1® 2-a-D-ard] r35a-D-ard- (1® 5)-
3 The mgority of the ardbinan condsts of 5-linked a-D-araf resdues with branching

introduced by 35a-D-araf resdues replaced a both branched postions with 5a-D-

araf

'

¢

—Gld.l.lc—ﬂilflﬁ—&:Ml:—lh‘rﬂﬂ—&Mﬁa—ﬂrﬂ}l—m—ﬂrﬂﬁl—%ﬂrﬂ@—m—wmﬁ—m—h{ﬂa—

Fig. 1 Schematic diagram of the proposed illustration of the macra structural motifs of the cell wall arabinogalactan, My, Mycolic acid; (') t-fl-p-Ararf (O0)
2-peAral; (3 3, Se-n-ATRS (A} i-fen-Galt (B} 6-fo-Galss () 5-f-n-Galts (4 56-f-0-Galf, GleNAc, N-acetvighicosamine; Rha, rhamnose;
MurNGL A-glyeolylmuramic acid.

4. The arabinan chains are atached to the gaactan core through the G5 of some of the
6-linked dternating 5 and 6- linked b-D-galf moieties.

5 Thegdactan of AG islinked to the C-6 of some muramyl residues of peptidoglycan
via the glycgohosphoryl bridge L -Rhap- (1® 3)-D-GIcNACc- (I® p)

6. The mycadlic acids are located in clugters of four on the termind pentaarabinofuranosyl

units.
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The maor ara- contaning degradation products were the hexaarabinofuranosde and
lineer disaccharide, a-D-ardf-(1® 5-D-araf.  Oligosaccharide fragments containing  upto
23 ara resdues were obtained by gentle acid hydrolyss of the pe-O-methylated AG and
dl the mgor dructurd motifs of AG, namdy motifs A-E were as represented in

figure 2.

o)
0 HQO OH HO
HO OH ot \WO%

OH OH
OH
Motif A (1) Motif B (2) Motif C (3)
HON 0 0%
OH
0 9% HO
EﬁOH? 8 OH
OHO
0.0
POHZ o POH?
HO HO
Ho- OH Ho- OH
Motif D(4) Motif E(5)

Figure 2: Five major Structural motifs A-E of AG.

Synthess of these motifs provides tremendous opportunities to underdand ther
role in the survivd and pathogenicity of these organisms The dructurd andyss reveded
that motifs A, B, and C are composed of arabinofuranose units having subtle differences
between them with respective O-glycoddic linkage. Structurd motif A is dgnificat due
to the presence of two 1® 2 cis linkages™ wheress structurad motifs B and C account for

the bulk of internd portions of the arebinan segments of the arabinogdactan and <ructurd
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motif D, composed of dternating 6linked and 5-linked gdactofuranosyl resdues, is
supported by the presence of the disaccharide, 6-O-b-D-gdactofuranosyl-D-gdactose,
among the products of the degradation of AG. Matif E is unique in thet it contains both
adbinofuranose and gdactofuranose resdues and both 5 and 6 pogtions of the
gdactofuranose  component ae  linked with  aabinofuranosyl and  gdactofuranosyl
residues, respectively.

A mgor impetus for the study of the cdl wal core molecule AG arises from the
need for new drugs againg M. tuberculosis and M. avium® AG of M. tuberculosis has
spedid interest for two fundamental reasons, 1) it gppears to be essentid for viability™ and
2) three axt of the four sugars of which it is composed, D-Araf, D-Galf and L-Rhap are not
found in humans. Thus any of a score or more of enzymes involved in the formation of
suga donors and ther polymerization ae potentid drug targetls.  The isolation and
exresson of the genes for these enzymes is a high research priority. Inhibitors of the
resultant enzymes can be obtained by usng “high through put” screens and by enzyme
Ccharacterization (ultimately X-ray andyss) and the subsequent desgn of “rationd”
inhibitors

The termind ends of both AG and LAM are capped with a pentaarabinofuranosyl
matif A, which is linked to the remainder of the polymer via a a-(1® 5)-linked linear
chain of arabinofuranosyl resdues. This motif A serves as an atachment Ste for other
functiondities present in the cdl wal. These groups are located a the periphery of the
cdl wal complex and ae therefore interface between the microorganisms and the
environment? In LAM, the primary hydroxyl groups in motif A are often substituted with
mannopyranosyl oligosaccharides, which have been implicated in the initid dages of

infection through their interaction with human mannose binding proteins™ In the AG, the
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same hydroxyl groups are egterified with mycolic adids, branched, long chain faty acids®
Through the tight packing of the akyl chains the mycolic acids form a protective
hydrophobic facade that in some casesis nearly crystaline

The peptidoglycanbound arabinogdactan of a virulent drain of M. tuberculosis
was per-O-methylated, partidly hydrolyzed with acid and the resulting oligosaccharides
were separated by high pressure liquid chromatography and the dtructures of al those 43
congtituent oligosaccharide fragments were identified by exhaustive NMR studies™ Based
on avalability of sugars and number of glycosyl linkages, the fine dructure of AG
polymer has been characterized.™ It has been proven tha aabinosyl residues are
reponsble for the antigenicity of AG, and tha serological activity resdes largdy in
fraction containing 2-linked arabinosyl resdues® Thus it is logicd to speculate that part,
or dl, of dructurd maotif A is the mgor humord immunologicad epitope of
arsbinogalactan  and, consequently, of whole mycobacteria® Monodond antibodies
reised agang lipoarsbinomannan adso react with purified cdl walls'® suggesing an
arabinose-containing epitope common to lipoarabinomannan and arabinogdactan.

As the digd ends of both polymers (AG and LAM) are terminated with motif A,
this moatif is beieved to play citicd role in both infection by and survivdl of the organiam
in the human host®® Ethambutol (6), one of the drugs currently used to trest
tuberculosis, has recently been shown to be an arabinosyltransferase inhibitor.”” Thus, new
compounds that act, as does Ethambutol (6), in preventing complete arabinan biosynthess
are likedy to be potent antimycobecterid agents.  Furanosyl oligo and polysaccharides are
not found in mammdian glycoconjugates and therefore inhibitors of the biosynthetic
pathways leading to their formation are particularly attractive drug candidates.

Attention is now beng focused on undersanding mycobecterid cdl  wal

biosynthesjs18 but there is dill much to be learned concerning the details of this process,
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especidly the assembly of the arabinan component. Decaprenol  arabinofuranosy!
phosphate (7) has been identified as the source of the arabinose in mycobacteria™® and
there is presumably an aray of glycosyl trandferases tha use 7 and vaious
oligosaccharide  acceptors  to  produce the  glycan. None of these putaive
arsbinosyltransferases have yet been isolated or purified™® however, an assay for their
activity usng mycobacterid membrane prepardions as the enzyme source has been
de\/dopaj.ﬂa

The trarsfer of arabinose from 7 to an arabinofuranosyl dimer and trimer has been
evauated usng this assay; the effect of the aglyconic group (e.g. methyl vs. octyl) was
d invesigaed.® However, a mgor limiting factor in these studies is the lack of

avalability of discrete oligosaccharide structures that can be used for unraveling the

@)

OH HO oo
T S
HO —
NS —
: j/\ OH
HO b-D-Arabinofuranosyl-1-mono
Ethambutol (6) phosphoryldecaprenol (7)
biosynthetic pathways, induding the isolaion and purification of the enzymes and the
devdopment of individud assays for ther activity. Such compounds are mod eesly
obtained via chemicd synthesis but synthetic studies are rare. Thus the current endeavor
dands asapivotd point in this direction.
Introduction to O-glycosylation methods
In nature carbohydrates are present as C-glycosdes O-glycosdes, and N-
gycosdes. Of dl the three O-glycosdes ae the mog important class of compounds. O-

gycosdes ae formed from the condensaion of the anomeric hydroxyl group of suger
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with the hydroxyl group of another molecule. The latter can be a smple dcohal, a
hydroxylated amino acid, another sugar or amore complex molecule.

The importance of cdl surface carbohydrates in biologica processes ranging from
antibody-antigen  interaction to cel-cdl recognition and devdopment has led to a great
ded of activity a the carbohydrate frontier. An integrd pat of this has involved the
devdopment of new chemicd methods of oligosaccharide synthesis requiring fewer
manipuletions and/or resulting in higher yidds increesed dereosdectivity and sdective
activation. Although many advances have been made in the synthess of oligosaccharides,
each oligosaccharide synthesis remains an independent problem, whose resolution requires
condderable systematic research and a good ded of know how. There are no universa
reection conditions for oligosaccharide synthess. In an oligosaccharide  synthess, two
poly functiond sugar units must be coupled. Regiosdectivity in such coupling reactions is
generdly achieved when the glycosylaiing agent (glycosyl donor) possesses sdectivey
pratected hydroxyl groups and an activating group a the anomeric carbon aom and when
the sugar component with free hydroxyl group (glycosyl acceptor) possesses protecting
groups a dl other hydroxyl functions. Thus, complicated protecting drategies and dtable
procedures for activation a the anomeric carbon atom are required.

Stereosdective formation of O-glycoddic bond is one of the most important
problems in carbohydrate chemistry.” Recently, much effort has been devoted to the
dereosdective synthess of glycopyranosdes and severd  efficient methods have been
developed by the gppropriate combination of sugar donors and adtivators (figure 3).%

Despite  dgnificat  advances in the synthess of complex oligosaccharides,
congruction of O-furanosidic linkages remans a chdlenging task?”® To address at the
dereosdectivities, it is advantageous to danify glycosyldion methods as 1,2-cis and 1,2-

trans- furanosides instead of a- and 13- glycosides as the latter would be confusing. The
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chemicd synthess of oligosaccharides containing furanose resdues has been rddively
unexplored until recently.?

Synthesis of the sugar components of AG of M. tuberculosis has been a topic of
immense  adtivity”?’. The firs mgor contribution appeared from our laboratory and
reported the synthesis of the pentaarabinofurancside of motif A.* Subsequently Lowary et
al® reported a saies of publications on matifs A, B, and C and sudied their ring
conformation by NMR techniques. Very recently Prandi et al”’ dso published the

synthesis of the pentaarabinofuranosyl structure of motif A.
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Present Work

Arabinogdactan (AG) is one of the mgor polysaccharide segments of M.
tuberculosis cdl wal. Its usefulness in developing new thergpeutic agents aganst multi-
drug resgant drains and adso a sngle dose drug for dreadful tuberculoss has been well
undersood. Given the dructurd complexity in AG, involving mycolic acids, arabinose
gdactose and mannose, many glycosyl trandferases must be involved in its formation.
Synthess of dl the possble glycosyl motifs provides tremendous opportunities to
understand their role in the survivd and pathogenecity of these organisms® Synthesis of
oligosaccharide fragments from Mycobacterium species is a topic of interest?®% This
chepter deds with our synthetic endeavor that resulted in the firg synthess of
oligosaccharides of motifs D and E of arabinogdactan present on the M. tuberculosis cdl
wall.

Synthesis of Ethyl 5-O-(a-D-arabinofuranosyl)-6-O-(3-D-galactofuranosyl)-3-D-
galactofuranoside (8) Present in Motif E

Motif E is novd and unique because of the presence of both arabinofuranose and
gdactofuranose resdues in its dructurd frame work. In addition, the oligosaccharide
gructure of motif E is dericdly more demanding because both the 5 and 6 pogtions of
the reducng gdactofuranose component ae linked with  aabinofuranosyl  and
gdactofuranosyl residues respectivdly. The synthetic Srategy utilized for the preparation
of ethyl 5-O-(a-D-arabinofuranosyl)-6-O-([3-D -gd actofuranosyl) - (3-D-gd actofuranoside
(8) bdonging to moatif E is based on the stepwise assembly of three sugar components as

shown in the retrosynthetic analyss (scheme 1).
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‘ 1 (o) NH
oH © |:> PO 7 + POAcr“"O 3
oBnO AcO
OB OAc

HO AcO
HO 10 9
HO OH
Target molecule (8) v
D-Galactose
s
NH L
D-Arabinose <_— corMo 3 Bn
+ HO
OAcC TBDPSO OBn
12 11

Scheme 1: Retro Synthetic Analysis

Our first concern was the preparation of the aglycone (L1) in which both 2- and 3-
postions were blocked with permanent protecting benzyl ethers while the 6-postion was
blocked with a temporary protecting TBDPS ether. This preparation was accomplished by
a protocol reported by Thiem et al.® Thus, D-gdactose was treated with ethane thiol in the
presence of conc. HCI to give the diethyl dithioacetd derivative of gdactose (13), which
on the exposure to HgCl,/HgO in ethanol gave the ethyl 3-D-gdactofuranosde (14) in
70% vyidd. Compound 14, on treatment with 22-dimethoxy propane in acetone in the
presence of cat. pTSA followed by benzylation usng NaH/BnBr in DMF afforded
compound 16. In the *H NMR spectrum of 16, the characterigtic singlets a 1.35 and 143
ppm due to isopropylidene group wheress a multiplet & 4.44.65 ppm due to benzylic
protons were observed. A snglet & 5.05 ppm was aitributed to the anomeric proton. Rest
of the spectrum was in complete agreement with the assgned sructure. Cleavage of 5,6

isopropylidene group in compound 16 with pTSA in methanol afforded the diol 17 whose
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structure was confirmed by the *H NMR spectrum in which singlets due to isopropylidene
were absent. Selective protection of the OH group at G6 in compound 17 was carried out

with TBDPSCl/imidazole in CH,Cl, to provide the 6:O-TBDPS derivative 11 in 90%

yield (scheme 2).
Scheme 2
o OEt
1. EtSH, H* OH 1 DMP/H*
D-Galactose HO
2. HgCl,/HgO/EtOH 2. NaH. BnBr ><o
HO OH
14
el=: o OEt
MeOH/H* B TBDPSCI Bn
—_— HO —_— = HO
Ho— oBn M CHXCL rahpso-1  opn
17 11

The snglet & 1.05 ppm due to tert-butyl group of TBDPS was identified in the *H
NMR spectrum of 11 while the rest of the pectrum was in complete agreement with the
assigned structure. Further confirmation of 11 came from its *C NMR and DEPT spectral
data. For example, in the **C NMR spectrum, characteristic carbons of TBDPS group were
identified & 19.1 and 26.8 ppm while 3-anomeric carbon was located & 106 ppm. In
addition, FAB MS (Na) andyss of 11 indicaed dngle highest mass peek & m/zz 649
acoounting for M*+23 while demental analysis was satisfactory (Caled. for GgHagOeS -
C, 72.84; H, 7.34. Found: C, 73.16; H, 7.55).

The glycosylating agent 12 was prepared as follows. Methyl D-arabinofuranosde
(18) was obtaned from D-aabinose with methanolic HCI a room temperaure.
Compound 18 upon treatment with AcO, pyridine aforded methyl 2,35tri-O-acetyl-D-

arabinofuranoside (19). Subsequently, compound 19 was acetolysed using AcO/AcOH/
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H,SO, to afford per-O-acetyl D-arabinose (20)3' Sdective deprotection of 1-O-acetyl
group of 20 was achieved usng BusSnOEt in refluxing CICH,CHCl. The resulting lactol
21 was then exposed to CCIiCN-DBU-CHXLCI, a 0 °C to afford the corresponding

arabinosy! trichloroacetimidate derivative 12 as the glycaosyl donor (scheme 3).

Scheme 3
AcO e}
HOpoH 1. MeOH/H® SOy~ OMe ACOM cO
OAc
2. ACZO/Py AcoH OAc
D-Arabinose 19 20
)
AcO
o soe_ /@WOH CCI,CN/DBU (c)o o~ ~ccl,
CICHZCH2CI CH C|2
OAc
21 12

A Short Account of O- Glycosyl Trichloroacetimidate Donors

Glycosyl imidate esters, particularly the trichloroacetimidates introduced by
Schmidf? have proved to be more versatile glycosylating agents because of their higher
reactivity, and applicability toward different acceptors under mild conditions.

The base- catalyzed generation of O- glycosyl trichloroacetimidates and ensuing
acid - catalyzed glycosylation have become a very competitive alternative to direct, often
uncontrolled acid- catalyzed transfor mation of sugarsinto glycosides (Fischer- Helferich
method) or to glycosyl halide formation for the activation step, which requires at least
equimolar amounts of promoter systemfor the glycosylation step (Koenigs- Knorr method
or variations). In addition, the trichloroacetimidate method may be readily adapted for

large- scale preparations. Therefore, after base- promoted trapping of anomeric O-



glycosyl trichloroacetimidates (first step), mild acid treatment in the presence of
acceptors, leading to formation of glycosides in an irreversible manner (second step)

constitutes the simple means of catalysis desired for the efficient glycosylation method

(scheme 4).
Scheme 4
NH
(0] 0]
OH Base (cat.) o~ CCly
(RO); + CCICN ‘:\ (RO);
1 step
) HOR'
acid (cat.)
Cl.C-C(O)NH, |:
0]
OR'

(RO);

Glycosyl trichloroacetimidates undergo nucleophilic displacement reactions with
predictable stereochemical outcome under mild conditions. Those with non- participating
groups at G2 react at low temperatures in the presence of BF3 OEt catalyst with
inversion at C-1. In this way 1,2 -cis compounds may be prepared from sugars. Sugar
trichloroacetimidates with participating groups at C-2would yield 1,2 -trans compounds

as expected (scheme 5).

BnO—\ o BnO—\ o OR
NH R =Bn noO + nO
OR'
RO .
R0 oJI\CCla ek OBn OBn
" (1,2-trans) (1,2-cis)
OR R = Ac AcO @)
L > cO
OR'
OAc
(1,2-trans)

Scheme 5: Effect of the Neighbouring Group in Glycosidation
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Thusthe O- glycosylation of aglycone 11 with 12 was carried out® in the presence
of BRs:OEt, and 4A° MS powder in CHCl, a —20 °C followed by drring a room
temperaiure for 2 h to daford the disaccharide 22 (contaminated with 11 as a minor

impurity), which was isolated and characterized after Zémplen deacetylation (scheme 6).%

Scheme 6
NH RO o
OEt
AcO 0 )J\ ©)] BF.:OEt RO, (0] OFt
coyvo” CCly 4 BN S 6B
HO -20 °C- rt or ©
OAc TBDPSO OBn TBDPSO OBn
12 11 22R =AC™INaOMe
23R =H

The 12trans linkage of disaccharide of 23 was evidenced from its 'H and 2C
NMR spectrd studies. For example, in the *H NMR spectrum of 23, the 1,2-trans linked
protons were obsarved a 5.01 and 5.21 ppm as characterigic snglets. The location of the
sgna due to G1' a 1045 ppm in the *C NMR spectrum of 23 confirmed the alinkage a
the newly formed glycosdic bond.® In addition, FAB MS (Na) with highest mass pesk a
m/z: 781 (M*+23) and satifactory dementa andysis supported the structure of 23.

The disaccharide 23 was O-benzylaed usng NaH, BnBr in DMF a room
temperature for 3 h to afford the penta O-benzyl deivaive 24. The dructure of 24 was
thoroughly cheracterized by highresolution H, 3C NMR and DEPT spectra data
Further, FAB MS (Na) [(M*+23) a 1051] and dementad andysis (Cacd. for CyH7,010S:
C, 747, H, 7.0. Found: C, 74.4; H, 7.14) supported the structure of O-benzylated product.
Cleavage of TBDPS ether in compound 24 was affected with TBAF (1M solution in THF)
to afford the aglycone (LO) containing the 6-hydroxyl free in 92% yidd (scheme 7). In the
'H NMR spectrum of 10 absence of the pesks due to TBDPS group were clearly noted. In

addition, FAB MS and dementa analys's aso supported the structure of 10.
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Scheme 7
BnO o)
no. o OEt
NaH BnBr OB
oH © O0BnO
TBDPS O TBDPSO OBn
24
BnO o)
TBAF ng Q 7
oBnO
HO OBn
10

Synthesisof Target Trisaccharide (8)

Our next endeavor was the crucid O-glycosylaion of aglycone 10 with
gdactofuranosyl resdue in order to complete the synthess of the trisaccharide (8). For
this purpose the trichloroacetimidate of gaactofuranose (9) was choosen as the glycosyl

donor, which was obtained from D-galactose (scheme 8) %

Scheme 8
o OOAC
1. MeOH/H* OAcJvOMe Ac,O/H* OA
D-Galactose ———— = AcO — » AcO
2. Ac,0O/Py AcO OAc AcOH AcO OAc
26 27
NH
O O
Bu,SnOEt AAMOH CCI,CN/DBU Aagro” CCly
——> AcO — = AcO
CICH,CH,Cl  aco OAc CH,CI, ACO OAC
28 9

The coupling reaction between aglycone 10 and glycosyl donor 9 was atempted in
the presence of 4A° MS powder with BF3:OEt, as an activator in CH2Cl2 at —20 °C. The
product isolated from the reaction mixture was the starting materiad 10 and the hydrolyzed

product 28. No other product with appreciable yidd resulted. When the reection was
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conducted a 0 °C and later a room temperature, no new product was formed as observed
in TLC. This indicated that the glycosyl donor 9 was not sufficiently reactive to couple
with gericaly crowded aglycone 10. This prompted us to resort to other O-glycosylaing
protocols. The one choosen for the investigation was S-Et mediated glycosylation. Thus,

S-ethyl derivative (29) was synthesized from 27 in one step (scheme 9).%

Scheme 9
o OAcC o SEt
EtSH
OA OA
AcO BF,:OEt, AcO
AcO OAc AcO OAc
27 29

The aglycone 10 was treated with 29 in the presence of N-iodo succinimide (NIS)
and trifluoromethanesulfonic  acid  (TFOH).¥  Unfortunatdly this reection dso failed
perhgps due to insufficient reactivity of 29. In addition, we dso atempted the
olycosylation under dassical Helferich conditions®, but this attempt also met with failure.

Thus, the synthess of trisaccharide turned out to be a Herculean task as dl our
eforts to ingdl the third gdactofuranose resdue a C-6 of 10 via Schmidt's
trichloroacetimidate method, SEt mediated glycoddation, and classica Heferich reaction

failed to materiaise (scheme 10).

Scheme 10

BnO r?o OOEt

BF;:OEt, O NIS, TfOH
10 + 9 —HF— OBnO ~A— 29 + 10

00 OBn
OAC,

AcO 31

AcO OAc

1. BF,:OEt,
2.snCl,

10 + 27
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Fndly the chemisry that worked for the trisaccharide synthess was Fraser-
Reid's n-pentenyl medigted O-glycosdation approach.® The synthesis of pent-4-enyl-
2356tetraO-acetyl- 3-D-gdactofuranose 30 was accomplished in one dep by treding
penta-O-acetyl- R-D-galactofuranose (27)* and 4penten-1-ol with a cataytic amount of
BF3:OEt axd 4A° MS powder in CH,Cl, a room temperature (scheme 11).The structure

of compound 30 was confirmed by the *H and *C NMR spectral analysis.

Scheme 11 q
o __

OAc

[e) O
HA 4-penten-1-ol DAC
AcO — > AcO
AcO OAc BF;:OFEt, AcO OAc
27 30

Before we discuss the gpproach it is pertinent to mention the concepts of n-

pentenyl mediated O-glycosylation reaction.

Salient Featur es of Fraser-Reid’s Glycosylation Method

The serendipitous discovery of n-pentenyl |eaving group strategy by Fraser-Reid's
group® opened a new era in the art of oligosaccharide synthesis. n-Pentenyl glycosides
(NPGs) arereadily obtained by standard glycosidationsincluding Fischer’ sdirect method
and although they are stable to a wide range of reagents, they are easily activated by
treatment with a halonium ion (scheme 12). The effect of some of the commonly used
protecting groups upon glycoside reactivity hasbeen probed with these substrates, and the
“armed/disarmed” strategy for oligosaccharide assembly emanated directly from these
investigations. Thus esters disarm electronically, while benzylidene and isopropylidene

groups disarm by torsional strain.
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. X
X
0o = 0 o +
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S
X
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Nu- = OH, Br

Scheme 12: n-Pentenyl mediated Glycosylation method

Most commonly used activators for NPGs are NBS, IDCP (lodonium dicollidine
per chlorate). However, IDCP is not commercially available, a circumstance which
compromised its attractiveness. Later on alternative promoters were sought that would,
among other things not requirelaboratory preparation. A non-nucleophilic counter anion
was essential, and trifluoro methanesulfonate (triflate) was preferred and it was found that
NISreacted with TFOH to generate a ready sour ce of iodoniumion solved the problem, as
both NISand TfOH are commercially available. A general drawback of this protocol isthe
use of strong acid and thus care should be taken while planning and executing the

glycosylation reaction.

The coupling reactior™ between 10 and 30 in the presence of NIS, TfOH (cat.)
and4A° MS powder in CHyCl, a room temperaure gave the crude trisaccharide 31
(contaminated with minor quantity of aglycone 10), which after Zémplen deacetylation

provided the pure penta-O-benzylated derivaive 32 (scheme 13).
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BnO (e} OEt

no, o)
BnO™\ O m: OB
0 OEt o (0] oBnO
OBn

(0]
OB + DA NIS, TfOH o e}
oBnO AcO OR
HO OBn AcO OAc RO
OR

RO
10 30

g; E zﬁCJNaOMe

The highreslution *H NMR spectrum of 32 showed three anomeric protons at
484, 49 and 517 ppm as didinguishdble sngles. As we have dready fixed
dereochemistry a anomeric podtions in the disaccharide as 12-trans linkages, the
remaning dnglet indicates the newly formed gdactofuranosyl linkage as 1,2trans (b-
linkage) configuration. This was further confirmed by the °C NMR and DEPT spectral
studies wherein three anomeric carbons were identifief® a 1053, 106.8 and 107.7 ppm.
In addition, FAB MS (Na) [(M*+23) a 952] and elementd andysis (Cacd. for GHgOs:
C, 68.06, H, 6.72. Found: C, 68.35, H, 6.95) supported the structure of 32.

Fndly compound 32 was subjected to exhaudive hydrogenolyss over 10%

Pd(OH)J/C in methanol a norma temperature and pressure (ntp) to provide the target

trisaccharide (8) (scheme 14).
Scheme 14
HO o_
) C? OEt
H
10% Pd(OH) ,/C
32 — oH ©
MeOH, H, 0 OH
@)
OH o
HO
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The highresoluion *H, 3C NMR and DEPT spectra data established the structure
of 8. For example, in the *H NMR spectrum of 8, resonances typica of anomeric protons
(L,2trans) were identified a 4.88, 492 and 510 ppm as three snglets while rest of the
gpectrum was in complete agreement with the assgned dructure. The chemicd shifts of
anomeric carbons were observed a 107.6, 1086 and 109.6 ppm in its C NMR spectrum.
Further, FAB MS (Na) andysis of 8 showed the mass m/z a: 525 accounting for M +23
while dementd andyss (Cacd. for CioHz4015 C, 4542, H, 6.77. Found: C, 4513, H,
7.0) was satidfactory. Compound 8 conditutes the oligosaccharide segment of motif E of
arabinoga actan presentin M. tuberculosis.

Synthesis of Ethyl 5-O-(3-D-galactofuranosyl)-3-D-galactofuranoside (33) Present in
Motif D

After successfully completing the synthess of the trisasccharide segment (8)
bdonging to matif E, we undertook the synthess of ethyl 5-O-([3-D-gdactofuranosyl)-3-
D-gdactofuranosde (33) representing motif D of M. tuberculosis (scheme 15). This
dissccharide serves as an anchor that couples arabinan and gdactan chains  of

arabinogdactan.

Scheme 15

o OFt
OH q
OEt
09 O 00 =
OH oH ————> o + OA
1o o TBDPSO— OBn AcO
HO OH AcO OAc
Target Molecule (33) 11 30

Having both the aglycone 11 and glycosyl donor 30 in hand, the coupling reaction

was caried out in the presence of NIS, TfOH (cat.) and 4A° MS powder in CH.Cl, at
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room temperature. Unfortunately the reaction showed on TLC a large number of
compounds whose separaions into individua product was not amenable. We attributed
the formation of mixture of compounds to the presence of TBDPS group which might

have cleaved during the reection. The free OH group will undergo further O-glycosdation

reection (scheme 16).
Scheme 16
11 + 30 ﬂ, Mixture of NaOMe Mixture of
TfOH compounds MeOH compounds

Thus, protection of 6:OH group with stable benzyl ether was considered. In order
to sdectivdy block the primary OH group in the presence of secondary OH group, the
dkylation of sannylacetd srategy waes adapted.*!  Accordingly, compound 17 and
BuSnO were heated under reflux in toluene for 6 h to give the dibutyltinecetd derivaive
(34) to which was subsequently added TBAB and BnBr. After 24 h of refluxing and
workup the tri-O-benzyl derivative 35 (scheme 17) was isolated and whose structure was
supported by theH and *C NMR spectroscopic data

Scheme 17
OEt
6oy Bu,SnoO TBAB 2
= Bu HO
HO g BnBr
HO OBn BnO OBn

The coupling reection between 35 and 30 mediated by NIS and TfOH (cat.) in

CH2Cl> a room temperature gave the disaccharide @6) which was isolated after Zémplen

deecetylation reaction to give 37 (scheme 18).
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The H and *C NMR spectroscopic studies of 37 reveded the assigned structure.
For example, in the '"H NMR spectrum of compound 37, signds due to two anomeric
protons were observed a 5.0 and 5.34 ppm as singlets. The *C NMR spectrum of 37
showed anomeric carbons a 1049 and 1061 ppm, thus confirming the R-linkage (1,2-
trans) at the newly formed glycosidic bond.

Findly, compound 37 was exhaudivey debenzylated by hydrogenolyss over 10%
Pd(OH)/C in methanol a norma temperaure and pressure to afford the target
disaccharide 33 (scheme 19). The gtructure of compound 33 wes fully andyzed by high-
reoluion H and °C NMR spectroscopic data coupled with satisfactory  elemental
andyss.

Scheme 19

10% Pd(OH),/C

3y ——— 0
MeOH, H, OH OH
HO OH
HO OH



Conclusion

For the fira time syntheses of oligosaccharides of motifs D and E of
arabinogalactan complex present in M. tuberculosis cell wal have been achieved.” The
arabinogdactan caused profound interest for two fundamentd reasons, (1) it is essentid
for viability and (2) three out of four sugars, namdy araf, galf and rhanmp- are not found
in human beings. Only recently it has been reported that (S, S}Ethambutol, the drug of
choice for TB snce 35 yeas is involved in the inhibition of biosynthetic pathway of
arabinan, thus establishing it to be a vauable target for the discovery of new drugs.l’ The

present synthesis opens anew vidain this direction.
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Experimental

Ethyl 3-D-Galactofuranoside (14)

To a solution of Dgdactose (25.0 g, 138.9 mmol) in conc. HCI (20 ml) was added
gthanethiol (256 ml, 3472 mmol). The mixture was dirred vigoroudy a room
temperature. After 30 min. a heavy cyddline mass was formed, cooled in icebath,
filtered, washed with water and dried to afford 13 (25 g, 63 %). The above product (L3)
(20 g, 69.9 mmal), HgCl, (37.9 g, 139.8 mmoal) and HgO (30.2 g, 139.8 mmoal) in ethanol
(400 ml) were dirred a room temperature for 2 h. The reaction mixture was filtered, and
pyridine (10 ml) added to the filtrate. The precipitate was filtered, concentrated and
recrystdlized from 2 propandl to give 14 (10.2 g, 70 %).

m.p.: 87-88°C; lit® mp.: 86 °C;
[a] o= —9B°(c 1, H0), lit*[a] o= —97.5° (c 1, H20).
Ethyl 2,3-Di-O-benzyl 5,6-O-isopropylidene-3-D-galactofuranoside (16)

A solution of ethyl R-D-gdactofuranosde (14) (10 g, 48.1 mmal), 22-dimethoxy-
propane (11.8 ml, 962 mmol) and pTSA in acetone (100 ml) was dirred a room
temperature for 12 h, neutrdized with EgN and concentrated. The resdua syrup was
disolved in CHCE, washed with brine, dried (N&:SO,), concentrated and then the residue
purified on dlica gd usng ethyl acaae-light petroleum (1:2) as duent to afford 15 (86 g,
72 %).

To compound 15 (8 g, 322 mmol) in dry DMF (20 ml) a& 0 °C, was added NaH
(387 g, 161.3 mmol, 60% disperson in ail). After 30 min. a room temperature, TBAI
(01 g) and BnBr (842 ml, 70.9 mmol) were introduced and stirred for 2 h. Excess NaH
was desroyed by adding methanol (10 ml). The reaction mixture was partitioned between

diethyl ether and waer. The ethered layer was washed with brine, dried (Na&SO,),
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concentrated and the resdue purified by dlica gd chromatography using ethyl acetate-
light petroleum (1:10) as duent to give 16 (10.2 g, 74 %).

[a] b=—625° (c 2, CHCE),lit® [a] p = —585 ° (c 1.85, CHCl3);

'Y NMR d (200 MHz, CDCl): 1.25 (t, 3H, J = 7.11 Hz), 1.35 (s, 3 H), 1.43 (s 3 H),
375385 (m, 4 H), 397-405 (m, 2 H), 412432 (m, 2 H), 44465 (m, 4 H), 505 (s 1
H), 7.25-7.38 (m, 10 H).

Ethyl 2,3-Di-O-benzyl-R-D-galactofuranoside (17)

A  olution of ehyl 23-di-O-benzyl-56-O-isopropylidene-R-D-gdactofuranosde
(16) (10 g, 233 mmoal) in methanol (100 ml) was dirred & room temperature in the
presence of pTSA (cat.). After 3 h, the reaction mixture was neutrdized with EtsN and
solvent removed. The resdue was taken in ethyl acetate (150 ml), washed with brine,
dried (N&SO,4), concentrated and purified by glica gd column chromeatogrgphy with ethyl
acetate-light petroleum (1:2) as duent to give 17 (6.16 g, 68 %).

[a] o= —742°(c 1.5, CHCh), lit**[a] p= — 71.7° (c 1.27, CHCE);

'H NMR d (200 MHz, CDCly: 1.2 (t, 3H, J = 7.51 Hz), 34352 (m, 1 H), 363-3.72 (m,
4 H), 395-4.05 (M, 3H), 4454.62 (M, 4H), 5.0 (s, 1 H), 7.23-7.35 (m, 10 H).

Ethyl 2,3-Di-O-benzyl-6-O-tert-butyldiphenylsilyl-3-D-galactofur anoside (11)

A luion of 17 (3 g 7.75 mmoal), imidazole (11 g, 1628 mmoal), tert-
butyldiphenylslyl chloride (213 g, 7.75 mmal) in CHXCL (50 ml) wes dirred & room
temperature for 3 h. Then the reaction mixture was diluted with CHCl,, washed with
brine, dried (Na&SO,) and concentrated. The resdue was purified on slica gd column
with light petroleum-EtOACc (10:1) as duent to give 11 (4.36 g, 90 %).

[a] b= -532°(c 1, CHCh);
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'H NMR d (300 MHz, CDCl3): 1.05 (s, 9 H), 1.2 (t, 3H, J = 7.1 Hz), 3.4348 (m, 1 H),
365379 (M, 4 H), 396 (dd, 1 H, J = 30, 1.3 Hz), 40341 (m, 1 H), 421 (dd, 1 H, J=
6.65, 2.7 Hz), 444-458 (m, 4 H), 5.0 (s, 1 H), 7.27.4 (m, 15 H), 7.6.7.65 (m, 5 H);

BC NMR d (50 MHz, CDCl): 150, 19.1, 26.8, 629, 649, 71.2, 718, 722, 80.7, 834,
87.8,106.0, 127.5129.7, 1330, 134.6138.0;

FAB MS(Na): 649 (M + 23);

Anal. Calcd. for CxHas06S: C, 72.84, H, 7.34. Found: C, 73.16, H, 7.55.
1,2,3,5-Tetra-O-acetyl-a-D-ar abinofuranose (20)

D-arabinose (10.0 g, 66.7 mmoal) and 2% methanolic HCl (100 ml) were dirred at
room temperature for 4 h and neutralized with solid BaCOzs. The solid was filtered and the
filtrate concentrated to give a syrup which was treated with Ac,0 (30 ml) and pyridine (20
ml) in the presence of DMAP (cat.) in CHCl (100 ml) a room temperature 8 h. The
reaction mixture was successvely washed with dil. HCl, water, brine, dried (NSO, and
concentrated. The resulting product, AcOH (100 ml), AcO (20 ml) and conc. HSO4 (5
ml) were dirred a room temperature for 12 h and poured over crushed ice. After 2 h, the
solution was extracted with CHCls, washed with ag. NaHCOs3, brine, dried (NSO, and
concentrated to give a syrup which was purified on dglica gd with ethyl acetate-light
petroleum (1:3) asdluent to afford 20 (9.15 g, 43 %).

[a] p = +508° (c 2.8, CHCly), lit*! [a] p= +51.9° (c 3, CHCh);

'H NMR d (200 MHz, CDCh): 20-212 (4 s 12 H), 407-4.23 (m, 2 H), 5.05.05 (m, 1
H), 5.2 (s 1 H), 5.35.34 (m, 1 H), 6.17 (s, 1 H).

2,3,5-Tri-O-acetyl-a, [3-D-arabinofuranosyl trichlor oacetimidate (12)

A solution of per-O-acetyl-a-D-arabinofuranose (20) (40 g, 1257 mmadl), tri n-
butyltin ethoxide (84 g, 25.15 mmoal) in CICH2CH2Cl (40 ml) was heated under reflux for

3 h and concentrated. The resdue was purified on dglica gd with light petroleum-ethyl



acetete (EtOAC) (3:2) as duent to give 21 (243 g, 70 %). The resulting product 1) was
immediately trested with CCI3CN (6.34 g, 4402 mmoal) in the presence of DBU (1.47 Q)
in CHzCl2 (50 ml) a 0 °C for 2 h. Then solvent was removed and the resdue purified by
flash chromatography on dlica gd with light petroleum-EtOAcC (3:1) as euent to give 12
(2.35 g, 65 %), which was used without delay.

Ethyl  5-O-(a-D-Arabinofuranosyl)-2,3-di-O-benzyl -6-O-tert-butyldiphenylsilyl-3-D -
galactofuranoside (23)

To a dirred solution of 11 (30 g, 48 mmal), 12 (21 g, 5 mmal) and 4A°
molecular seves (MS) powder (0.5 g) in CH2Cl2 (50 ml) under nitrogen & —20 °C,
BF3:OEL (0.2 ml) was added. After 2 h a room temperature, solid NaHCO3 (0.2 g) was
added and then filtered. The filtrate was washed with bring, dried (N&SO,) ad
concentrated. The resdue was passed through a short column of dlica gd with light
petroleum-EtOAC (9:1) as duent to aobtain the disaccharide 22 (296 g) (contaminated with
11 as a minor impurity) and trested with 0.05 M NaOMe in methanol (15 ml) a room
temperature for 2 h. The reaction mixture was de-ionized by the addition of Amberlite IR
120 (H*) resn (pH ©6), filtered and concentrated. The residue was purified by slica gd
column chromatogrgphy with light petroeum-EtOAc (1:1) as duent to obtain 23 (203 g,
56 %).

[al b= -224°(c1, CHCE);

'H NMR d (200 MHz, CDCIl9): 1.07 (s, 9H), 1.2 (t, 3H, J = 7.5 Hz), 3.63.7 (M, 5 H),
3.94.02 (m, 4 H), 406417 (m, 4 H), 43458 (m, 4 H), 501 (s, 1 H), 521 (s 1 H), 7.
7.45(m, 15H), 7.6-7.75 (m, 5 H);

BC NMR d (125 MHz, CDCly): 150, 180, 256, 602, 617, 621, 710, 768, 77.1,77.3,
774,791, 829, 858, 86,9, 1045, 1065, 126.1-1284, 134.0, 136.0;

FAB MS(Na): 781 (M + 23);
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Anal. Cacd. for CgHs4010S : C, 68.07, H, 7.12. Found: C, 68.34, H, 6.93.
Ethyl 5-0-(2¢,3¢56¢Tri-O-benzyl -a-D-ar abinofur anosyl)-2,3-di-O-benzyl-6-O-tert-
butyldiphenylsilyl-R-D-galactofuranoside (24)

To a dirred solution of 23 (1.5 g, 1.98 mmol) and NaH (60 % disperson in
pareffing 035 g, 148 mmol) in dy DMF (10 ml) under nitrogen was added benzyl
bromide (1.11 g, 653 mmol). After 3 h a room temperature, the reaction was quenched
with methanol (2 ml) and partitioned between water and diethyl ether. The ether layer was
washed with brine, dried (NaSO4) and concentrated to give a residue which was purified
on dlicagd with light petroleum-EtOAc (10:1) as duent to give 24 (1.77 g, 87 %).

[a] p=-184° (c 15, CHCl3);

H NMR d (500 MHz, CDCl3): 1.08 (s 9 H), 1.2 (t, 3H, J = 6.25 Hz), 3.45-35 (m, 3H),
37438 (m, 2 H), 39 (d, 2 H, J = 52 Hz), 3.92-4.0 (m, 3 H), 40541 (m, 3 H), 4.28-46
(m, 10 H), 5.09 (s, 1 H), 5.20 (s, 1 H), 7.18-7.37 (m, 30 H), 7.68-7.72 (m, 5 H);

BBC NMR d (125 MHz, CDCls): 148, 189, 265, 625, 630, 684, 714, 716, 717, 730,
764, 766, 769, 795 796, 828 834, 833, 1051, 1066, 12721292, 1332, 1353
137.6;

FAB MS (Na): 1051 (M + 23);

Anal. Cdcd. for CyH7,01S: C, 74.7, H, 7.0. Found: C, 74.4, H, 7.14.

Ethyl 5-O-(2¢3¢5¢Tri-O-benzyl-a-D-arabinofuranosyl)-2,3-di-O-benzyl -3-D-galacto-
furanoside (10)

Compound 24 (15 g, 146 mmal) and 1 M solution of TBAF (3 ml) in THF (10
ml) were girred for 30 min a room temperature and then concentrated. The resdue was
purified on short dlica gd column with light petroleum-EtOAc (3:1) to provide 10 (1.06
g, 92 %).

[a] o= - 20.6° (C 2, CHCl3);
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4 NMR d (300 MHz, CDCl3): 1.2 (t, 3 H, J = 7.5 Hz), 352-3.65 (m, 6 H), 3.854.1 (m,
7 H), 435-458 (m, 10 H), 5.02 (s, 1 H), 5.3 (s, 1 H), 7.057.35 (m, 25 H);

FAB MS(Na): 813 (M + 23)

Anal. Cacd. for CsgHs4010: C, 7291, H, 6.83. Found: C, 73.24, H, 7.15.

1,2,3,5,6 -PentaO-acetyl-3-D-galactofuranose (27)

To a solution of Dgdactose (5 g, 27.8 mmoal) in anhydrous MeOH (100 ml), conc.
H2S04 (1 ml) was added drop wise a 0 °C. The reaction mixture was alowed to proceed
a room temperature for 4 h. Then the reaction mixture was neutradized with BaCOz; ad
the insoluble inorganic materids were filtered through Cdite and washed with methanol
(50 ml). The filtrate was concentrated to give a syrup, which was trested with AcO (20
ml) and pyridine (25 ml) for 4 h a& 0 °C and then a room temperature for 2 dys. The
usua work-up procedure yidded a syrup which, was dissolved in AcOH (35 ml), Ac.O
(75 ml) and treated with conc. HSO, (1.5 ml) a 0 °C. After 15 h a room temperature,
the brown solution was worked up, and the resdud syrup was cryddlized from
isopropanol (10 ml) & 0 °C. Recrystdlisation from the same solvent gave 27 (38 g, 35
%).

m.p.: 103-105 °C; lit*> mp: 102-103°C;

[l o= —41° (c3.1, CH,Cl); lit®[a] p= —41.5°(c 3, CH.CL);

'H NMR d (200 MHz, CDCl9): 2021 (5 s, 15 H), 41425 (m, 2 H), 5055.1 (m, 1 H),
515(d, 1H, J =20Hz),5.285.36 (M, 2 H), 6.17 (s, 1 H).

Pent-4-enyl 2,3,5,6-tetr aO-acetyl-3-D-galactofuranoside (30)

To a dirred solution of per-O-acetyl 3D-gdactofuranose €7) (2 g, 5.13 mmoal), 4
pentene-1-d (L1 ml, 1025 mmoal) and 4A ° MS powder (0.5 g) in CHCl> (20 ml) under
nitrogen, a& 0 °C was added BF;:OEt; (0.1 ml). After 2 h, solid NaHCO;3; (0.2 g) was

added and filtered over Cdite. The filtrate was washed with brine, dried (N&SO,), ad
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concentrated.  The resdua syrup was purified by slica gd column chromatography by
euting with light petroleum-EtOAC (4:1) to give 30 (1.81 g, 85 %).

[a] p=-50.2°(c 2, CHCly;

'H NMR d (200 MHz, CDCIl3): 1.64-1.76 (m, 4 H), 206-2.14 (4 s, 12 H), 34351 (m, 1
H), 362-3.74 (m, 1 H), 4164.38 (m, 3 H), 496-5.08 (M, 5 H), 535-542 (m, 1 H), 5.71-
592 (m, 1H);

BC NMR d (50 MHz, CDCIl9: 203, 282, 297, 622, 665, 689, 762, 795, 810, 1051,
114.6, 137.6, 169.6;

Anal: Cdcd. for CigH26010 : C, 54.8, H, 6.73. Found: C, 54.65, H, 6.52.

Ethyl 5-O-(2¢3¢5¢Tri-O-benzyl-a-D-arabinofur anosyl)-6-O-(3-D-galactofur anosyl)-
2,3-di-O-benzyl -R-D-galactofur anoside (32)

To a dirred solution of 10 (1 g, 1.26 mmol), 30 (0.63 g, 1.52 mmoal) and 4A ° MS
powder (05 g) in dry CHXCkL (20 ml) was added NIS (0.7 g, 3.16 mmol) followed by
TfOH (0.1 ml in two intervas of 30 min). The reaction was dirred under dak a room
temperature for 48 h, filtered through Cedlite bed. The filtrate was washed with saturated
solutions of NaHSO3, NaHCOs followed by brine solution. The organic layer was dried
(NaS0O,4) and concentrated. The resdue was subjected to column chromatography on
glica gd with light petroeum-EtOAc (3:1) as duent to obtain the crude trisaccharide
derivative 31 (0.92 g). The crude trisaccharide @1) was treated with 0.05 M NaOMe in
methanol (5 ml) a room temperature for 2 h. After usud work up as indicated above for
Zémplen reection, gave the resdue, which was chromatographed on dlica gd with light
petroleum-EtOAC (2:3) as luent to give 32 (0.56 g, 47 %).

[a] ob=-226°(c 0.6, CHCl3);
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'H NMR d (500 MHz, CDCl): 1.1 (t, 3H, J =75 Hz), 336365 (m, 8 H), 3.76-397
(m, 10 H), 40-405 (m, 1 H), 427-451 (m, 10 H), 484 (s, 1 H), 496 (s, 1 H), 517 (s 1
H), 7.12-7.25 (m, 25 H);
BC NMR d (125 MHz, CDCls): 148, 6238, 637, 66.6, 695, 70.7, 715, 716, 719, 720,
732, 76.2, 783, 786, 80.0, 806, 835 836, 8.9, 878 879 1053 1068, 1077, 1274
128.2,137.1:137.6;
FAB MS(Na): 952 (M + 23);
Anal. Cdcd. for CssHesO15 : C, 68.06, H, 6.72. Found: C, 68.35, H, 6.95.
Ethyl 5-O-(a-D-Arabinofuranosyl)-6-O-([3-D-galactofur anosyl)-3-D-galactofur ano-
side (8)

Compound 32 (0.3 g, 0.31 mmol) and 10 % Pd(OH)J/C (50 mg) in methanol (10
ml) were dirred under hydrogen atmosphere a normd temperature and pressure (ntp) for
8 h. The catalyst wasfiltered off and the filtrate concentrated to give 8 (0.14 g, 90 %).
[a] p=-26.8°(c 1.1, MeOH);
'H NMR d (500 MHz, D;0): 1.1 (t, 3H, J= 7.0 Hz), 348-372 (m, 8 H), 3.78-405 (m,
11H),4.88(s 1H),492(s 1H),51(s 1H);
BC NMR d (125 MHz, DXO): 152, 621, 638, 653, 682, 718, 77.2, 77.3, 774, 778,
819,820, 82.2, 82.9, 839, 84.8, 107.6, 108.6, 109.6;
FAB MS(Na): 525 (M + 23);
Anal: Cacd. for C19H34015 : C, 4542, H, 6.77. Found: C, 45.13, H, 7.0.
Ethyl 2,3,6-Tri-O-benzyl-3-D-galactofuranoside (35)

Compound 17 (1 g, 21 mmol) and dibutyltin oxide (0.78 g, 313 mmadl) in dry
toluene (20 ml) were heated under reflux for 6 h with azeotropic remova of water, then
TBAB (0.1 g) and benzyl bromide (0.35 g, 2.1 mmol) were introduced. The reaction was

hested under reflux for 24 h, solvent evaporated, and the resdue taken up in ethyl acetae



53

(20 ml). The organic layer was successvely washed with 10 % ag. KF solution, brine,
dried (NaSO,) and concentrated. The resdue was purified by dlica gd column
chromatography with light petroleum-EtOAC (9:1) as euent to give 35 (0.87 g, 71 %).

[a] p=-482°(c 1.1, CHCl);

'H NMR d (200 MHz, CDCl9): 124 (t, 3H, J = 7.3 Hz), 343-356 (m, 3 H), 3.7238(m,
1H), 408-4.14 (m, 4 H), 454-4.6 (m, 6 H), 5.05 (s, 1 H), 7.28-7.33 (m, 15 H);

BC NMR d (50 MHz, CDCl3): 14.8, 626,696, 71.3, 716, 71.9, 72.9, 809, 830, 87.6,

105.6, 127.21280, 137.1-137.8;

Anal. Cacd. for CxH3406: C, 728, H, 7.11. Found: C, 7242, H, 7.01.

Ethyl 5-O-(3-D-Galactofuranosyl)-2,3,6-tri-O-benzyl-3-D-galactofur anoside (37)

To a dirred solution of 35 (0.5 g 1.04 mmal), 30 (052 g, 1.25 mmal), 4A° MS
powder (0.5 g) and NIS (0.58 g, 2.61 mmol) in CH,Cl, (20 ml) under nitrogen and in dark
was addded TfOH (0.05 ml). The reaction mixture was dirred for 24 h a room
temperature, filtered through Cdite, the filtrate washed with saturated solutions of
NaHSO3; and NaHCOs, brine, dried (NaSO4) and concentrated. The residud syrup was
chromatogrgphed on dlica gd with light petroleum-EtOAc (4:1) as duent to give the
crude disaccharide 36 (0.57 g), which was treated with 0.05 M NaOMe in methanal (5 ml)
a room temperature. After 2 h, and usud work up as given above for Zémplen reaction,
the resdue wes purified on dlica gd with light petroleum-EtOAc (1:4) as duent to give
37 (0.32 g, 48 %).

[a] p=-84.1°(c 1.2, CHCly);
'H NMR d (200 MHz, CDCI3): 1.18 (t, 3H, J = 7.1 Hz), 337-3.72 (m, 6 H), 3853.9(m,
2 H), 39341 (m, 6 H), 433461 (m, 6 H), 50 (5 1 H), 534 (s 1 H), 7.27-7.35 (m, 15

H);



BC NMR d (75 MHz, CDCh): 145, 625, 635, 69.2, 70.7, 715, 716, 728, 730, 78.3,
786, 80.2, 839, 865, 87.0, 104.9, 106.1, 127.1-1280, 136.6137.3;

FAB MS(Na): 663 (M + 23);

Anal. Cacd. for CxHa4Oun : C, 65,62, H, 6.87. Found: C, 65.32, H, 6.95.

Ethyl 5-O-(3-D-Galactofur anosyl)-3-D -galactofuranoside (33)

A solution of 37 (0.2 g, 0.31 mmal), 10 % Pd(OH)Z/C (50 mg) in methanal (5 ml)
was dtirred under hydrogen atimosphere a norma temperature and pressure.  After 8 h, the
catayst was filtered off and the filtrate concentrated to give 33 (0.1 g, 88 %).

[a] p=-1052°(c 1.1, MeOH);

'H NMR d (500 MHz, D20): 092 (t, 3H, J = 6.4 Hz), 3.29-3.32 (m, 1 H), 34344 (m, 2
H), 3.46-355 (m, 4 H), 364 (br s 1 H), 3.733.77 (m, 4 H), 381-385 (m, 2 H), 492 (s, 2
H);

BC NMR d (125 MHz, DXO): 151, 619, 636, 651, 714, 76.7, 770, 77.3, 817, 821,
822,835, 1075, 107.9;

FABMS(Na): 393 (M + 23);

Anal. Cdcd. for Ci4H260n: C, 454, H, 7.02. Found: C, 45.75, H, 7.25.
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SECTION 1
Synthesis of CMI1-546: A potent
PAF receptor antagonist
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I ntroduction

According to the edtimate of World Hedth Organization, asthma affects 150
million people worldwide, and the number of patients hes doubled over the decade!
Espedidly, the dtuaion is daming in indudridized countries, where the ragpid surge in ar
pollution has become the primary cause of this lung dissese. Although there is no cure for
ashma, it is a dissase tha can be managed, enabling most people to lead active and
productive life. This prdiminary discusson will brief the current datus of the biologicd
and medicind aspects of asthma tha would have eventudly formed the basic tenet of our
interest to develop the synthesis of anti-asthmatic compounds.

The rgpid rise of asthma congditutes the biggest mysery in modern medicine and
the exact reasons for the incresse till evade the researchers?® Although severa factors
were put forward, it is now concuded that a combination of genetic and environmentd
factors are responsible for the onset of ashma® The good news is that 95% of aghma is
controllable, given proper and continuous medication. The advances in molecular biology
indicate that dlergy and asthma are not inherited as single-gene disorders and do not show
a dmple pattern of inheritance. Environmenta and genetic factors interact in a complex
fashion to produce disease susceptibility and expression.

Given the complexity of chronic asghma it is unlikdy that a sngle inflammatory
mediator could account for dl the pahology. Consequently, it can be speculated that only
drugs, which can smultaneoudy interfere with & lesst two mediators, ae likey to have
any profound effect on the inflanmation. Keeping this in mind, new origind molecules,
which could sSmultanecudy interfere with any two, ae more i.e, higamine 5
lipoxygenase (5LO) and pladet activeting factor (PAF) have been developed over the

years.
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The present anti-asthmatic thergpy is largely based on corticosteroides (inhded and
systemic) and symptometic treatment, and to the lessa extent, immunothergpy which
revolve aound the inhibition of various inflammatory mediators that enter the various
dages of ashmatic process eg., cytokines, chemokines, adheson molecules, proteinases
and growth factors as discussed below.

Glucocorticoster oids, b radrenoreceptor agonists and theophylline

Inhded b-adrenoreceptor agonists are the most effective bronchodilators, currently
predescribed for symptomatic relief in athma® The mechanism of action, ie, causing
snooth muscle rdaxation involves camp-dependent and independent pathways Inhded
glucocorticosteroids, eg., betamethasone (1), dexamethasone (2), fluticasone (3), and

cortisone (4) are maingtay therapy for reducing airway inflammation in asthma

Fluticasone (3) Cortisone (4)
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Theophylline (5) hes a long higtoric background through its ability to bronchodilate
aghmatic subjects Although limited by sde-effects profile, theophylline is effective in
reducing the symptoms and improving lung function in patients with mild chronic aghma
Doxofylline (6) and nedocromil (7) are the drugs work in the inflanmatory cdls to prevent

the rlease of histamine and other chemicasinvolved in arway inflammation.

0
o]
H 0 (<O
~ N
N ~N N
L 0
O l\ll 0" >N N
I
Theophylline (5) Doxofylline (6) Nedocromil (7)

Sdbutamol (8) is a potent by-adrenoreceptor antagonist. b-Adrenergeric receptors
ae found on the smooth musde lining arways of the lungs Long action of b
adrenoreceptor  agonists can  be achieved by dteaions in  pharmacokingtics [eg.,
formoterdl (9)]° and by excsite binding [eg., sdmeerol (10)]° Also, new steroids are
being devdoped with the am of maximizing topicd anti-inflanmatory effects and
minimizing adverse sysemic effects, as exemplified by RU-24858. Clinicd dudies have

recently demondrated the benefit of combining long-acting b2-adrenoreceptor  agonists

NHCHO
HO
OH C_)H H :
= H

HO OH

(R)-Salbutamol (8) Formoterol (9)
HO N/\/\/\/O\/\/\©
H

OH

OH Salmeterol (10)
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with inhded deroids, eg., serdide (sdlmeterol and fluticasone) combined in a sngle
formulation.
Adhesion molecules

Suppresson of eosnophil adheson with consequent inhibition of influx into the
lung is a drategy to suppress the ashmaic arway inflammation. The sdectin family of
adhesion molecules, which are expressed on activated endothdid cdls (E- and P- sdectin),
activated platdets (P- sdectin), and peripherd blood leukocytes (L- sdectin) are involved
in tethering and raling of leukocytes in the microdrculdion, leading to leukocyte tissue
infiltration. Interruption of leukocyte-endotheium interaction is a current drategy to target
asthma. TBC-1269 (11) is the lead compound of a series of ordly active, low molecular

weight E-, P-, L- selectin antagonists for the potential trestment of asthma and psoriass.”

e OH (0] OH

TBC-1269 (11)

Cytokines

Cytokines play a key role in the chronic inflammation of asthma and gppear to
orchestrate, amplify, and perpetuate the inflammatory process® The chemotactic
cytokines (CC chemokines) act by dtracting leukocytes to dtes of inflammation. The
advancement in underganding the intrecdlular sgnding pathways and inflanmatory
gene transcription of key pro- and anti-inflammeatory cytokines is laying the foundation
for a new era in anti- inflammatory drug dscovery. SP 650003 and SP 100030 are the

smdl molecule inhibitors, which are grest promise in the trestment of asthma.
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Inflammatory mediator receptor antagonists

Smdl molecule receptor antagonists for a number of inflanmatory mediators
have been devdoped. The cysteinyl leukotrienes have assumed a centrd role in asthma
and in drug devdopment with CysT1 receptor antagonists such as montdukast (12),

pranulakest (13), and zafirlukest (14) being the fird new treatment for asthma in 25

years’
0]
H
NH N ‘N\
oA A
| N

0]
Montelukast (12) Pranulakast (13)

Me O OL ,O
N .S
0O N
X | -
O N H.C
H
OMe

Zafirlukast (14)

In a biologicd sysem for the regulaion of various cdl functions arachidonic acid
(15) plays a unigue role as a precursor molecule, which is transformed into a number of
potent mediators with wide ranging effects. Oxidation of arachidonic acid in mammadian
cells gives rise to a number of metabolites, collectively cdled ecosanoids, which ae
intimately involved in inflammaion and the physologicd and pahologicad processes
Studies on the metabolism of arachidonic acid in poly morphonuclear leukocytes (PMLYS)
led to the recognition of a new class of pro- inflammatory products caled leukotrienes.

The enzyme 5L O catalyzes the conversion of arachidonic acid to leukotrienes™
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7

Much evidence has accumulated implicating L Ts in disease states having inflamm-
aory components, including psoriasis, asghma, and dlegy. In the hope of finding ant-
inflammatory drugs with reduced sde-effects (or) greater efficacy, a mgor effort has been
mounted by the pharmaceuticd industry over the past decade to identify ether sdective
inhibitors of 5LO (or) dud inhibitors of CO and 5LO. A wide variety of agents have been
reported as 5-LO inhibitors, through the untiring efforts of medicind chemists™ 5LO
inhibitor, 5L O-ectivating protein antagonist, and CysL-T receptor antagonists are three
classes of LT modulators, and subsequently as drug targets now in clinicd practice.
Zileuton (16) is a <dective ordly active inhibitor of 5LO proven to exet anth
inflammatory and  anti-dlergic effects in anima modds and humans®® Another lead
discovery, ABT-761 (17) is undergoing find dinicd trids with potent 5 LO inhibiting
activity and minima side effects™ CI-1004 (18) is a dud inhibitor of lipoxygenese and

cycdooxygenase-2 (COX-2) that is currently under development as a potentia trestment for

asthma.™
HO  NH, F
A N_\< / \ QH
RARVE S N A,
0
Zileuton (16) ABT-761 (17)

Platelet activating factor

Platdlet activating factor (PAF),™ chemicdly identified as 1-O-akyl-2-O-acety
Sn-glycero-3-phogphocaline (19) has been implicated as a mediator of pathophysio-logicd
reactions in various anima modes as wdl as in human disease’® PAF is produced by a
vaiety of inflammatory cedls such as basophils, platdets, and macrophages. PAF exerts a

wide variety of biologica actionsinduding degrannulation, platelet aggregetion and
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cardac dysfunction. PAF plays a mgor role in aghma, especidly in the pathogeness of
late asthmatic responses, and is the only mediator able to dicit a sdective recruitment of
eosnophilsin dlergic subjects

o

| [~ O(CH,IXCH,
H,C—C—0— <|:_H _O +
o— P_(CH-z)z_N (CH3)3
2-
Cl-1004 (18) Structural formula of platelet activating factor (19)

Binding of PAF to its specific receptor is thought to be the firsd step necessary to
diglay its biologicd functions both in vitro and in vivo. The dffinity and number of
binding dtes appear to corrdate with tissue and species specificity of the biologicd effects
of PAF.Y It has become incressingly likdy that PAF has multiple effects, which may be
rdevant in many human diseases, and recent activity in sudying these effects has been as
anticipated conseguence.

PAF antagonists

Specific and potent PAF receptor antagonists are vauable tools in the ducidation
of the patho physologicd roles of PAF and are expected to be of dinica importance. A
vaiey of dructurdly diverse antagonists of the binding of PAF to its receptors have been
reported. These compounds have been obtained by three different chemical approaches.™®
Non-constrained backbone: In this series, the antagoniss derive directly from the PAF
framework. The fird compound described in this family is CV 3988 (20), which is an
odly ative potent antegonis and is spedficdly inhibited PAF induced platelet
aggregation. A new CV analogue, CV 6209 (21) is developed thet is about 80 times more
potent than CV 3988. Replacement of phosphoryl ethyl thiazolium moiety of CV 3988

with a hepta methylene thiazolium on C; yidded another graup of antagonisgs among
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which ONO-6240 (22) is the most potent one. The potent antagonists were obtained by

replacing the phosphoryl group by an ester linkegei.e, RU 45703 (23).

(@]
|_O_C_NH_C18H37 |_O_C_NH_C15HS7
MeO—Cl:l-I +/w MeO—Cl_H —
A
—P—0—(CH,);—N — -
© © O COCH,
CV 3988 (20) CV 6209 (21)
|_O_C18H37
|_O :_NH_C13H37 MeO—CH .+ CH
EtO—CH o—c—(CH)—NZ o)
Loyt i o
277 \\___S O 3

ONO - 6240 (22) RU 45703 (23)

Constrained backbone: Moderately active PAF antagonistss were produced from

cyclisation of the PAF framework such as SRI 63-073 (24) and dioxanone type compound
(25). SRI 63-073 inhibits PAF induced human and guinea pig plaidet aggregation

-C,H

(0] 18 '37 ¢ H
Eg\l/éo
\

17" '35
oM

o
CH, O\E)
p—O—(CH'Z)Z—%\ N~CHs So—cHn—i D
/ \ . SJ/ —
o o
SRI 63-073 (24)

Dioxanone (25)

Tetrahydrofuran derivatives. The mogst potent one in this series, which is having PAF

3 I
J o P N
H37C18\H o/\Q/\o/¢ \O/\/
O-

SRI 63-441 (26)
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framework is, SRI 63-441 (26) that is a specific inhibitor of PAFinduced human plaielet
aggregation.
Natural products. The most promisng chemicd series of PAF inhibitors include natura

productsisolated from various bacterid srains (Table-I).

Table-
Natural Product Class Example
1. Terpenes
SCH,
N N
2. Gliotoxin and related compounds OH O>i\ SCH,
OH
Gliotoxine (28)
3. Lignans
a Benzofuranoid neolignans
Kadsurenone (29)
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b. Butanolide derived lignans

Dibenzyl butyrolactone (30)

¢. Subdituted furanoid lignans

OMe OMe
Galbelgin (31)

Synthetic compounds. Systemétic synthetic study from the natura tetrahydrofuran
framework led to the synthess of dinor type ‘C tetrahydrofuran lignan L-652, 731 (32)

and thio andlogue L- 653, 150 (33).%

MeO ", OMe MeO e SO,Me
X (@]
MeO OMe MeO o "
OMe OMe OMe OMe

O; L - 652, 731 (32)
S; L - 653,150 (33)

i: L - 659, 989 (34)

In the type C terahydrofuran series, 25diaryl tetrahydrofurans have been
invedigated for their role as PAF antagonists. In generd, trans- isomers have been found
to be more potent than cis- isomers. Further, Structure activity studies indicated that more
potent PAF antagonists contained an eectrontwithdrawing group on one but not both
aomatic rings These festures ae incorporated in L-659, 989 (34)® in which a

metabolicdly sable methyl sulfone serves as the dectron withdrawing functiond unit and
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a trimethoxy ayl ring is gopended a Cs. In order to achieve increased metabolic activity
and pharmacokinetic profile, polar heed group modifications were investigated from which
the (- (2S, 59)-transisomer of MK-287 (35)" emerged as a potent, specific and oraly

active PAF receptor antagonist and chosen for clinicd trid for asthma

OMe OMe
MK 287 (35)

Since both PAF and leukotriene are rdeased smultaneoudy from leukocytes and
upon cdlular ectivaion, act synergidicdly in many biologicd modds a sngle compound
which effectively inhibits the actions of both PAF and leukotrienes may offer thergpeutic
advantages in terms of efficacy and pharmacodyanamics over agents which inhibits ether
mediator alone.

The basc knowledge that 25-diayl tetrahydrofurans are PAF inhibitors while
hydroxy uress ae potent 5LO inhibitors the introduction of hydroxy wea functiondity
onto certain scaffolds carying THF skeeton should provide the candidates with dud
inhibition. The inhibiting activity of hydroxy urea derivatives is probably due to chdation

of Fe*® required for oxidaive cadyssin leukotriene biosynthesis.

A ey %Niw

Diaryl tetrahydrofurans are known
PAF receptor antagonists

Combination__

I
H OH
Derivatives of hydroxyurea are . Y .
known 5 - LO inhibitors Dual 5 - LO inhibitor and PAF receptor antagonist
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Recently, Cytomed Inc. has reported CMI-206 (36)%° and CMI-392 (37)% as potent
dud 5LO and PAF inhibitors, which are currently being evduaed in human clinica trids
as nove inflammatory agents. CMI-392 showed very potent and baanced activities agangt
both 5LO and PAF and more potent than Zileuton (16) in 5-LO inhibition and egudly

potent as MK -287 (35) as PAF antagoni<t.

O
NHCON(OH)BU MeO. . NJ\N/Me
H I
OH
MeO O

0
AN
OMe OMe s@—u

CMI - 206 (36) CMI - 392 (37)

In conclusion, the old drugs, which are now used as manday thergoy, manly, non
deroidd  anti-inflammatory  drugs  (NSAIDs) and corticosteroides are flawed with their
limited efficacy and inadequate safety profiles Severd gene targets that control cel influx
and activation, inflammatory mediator rdleese and activity, and tissue proliferation and
degradation have been identified. Since multiple gene products have been identified a the
gte of inflammation, there has been a surge of interest in identifying intracelular sgnding
targets, including transcription factors that control inflammatory gene expression, and are
amenable to drug discovery. The recent advances in the pathophysology of asthma,
together with advances in drug deveopment bodes wel for the introduction of rationd
therapy in 21 century where leukotriene antagonists boom as promising drugs in te days

ahead %



Present Work
Today, a the dtart of 21¥ century, the search for new anti asthmatic agents remains

unabated. The reason is that there is currently no complete cure for asthma, presently
trestment of condition depends primaily upon inhded glucocorticoides to reduce
inflammation and inhaded bronchodilators to reduce symptoms. Such trestments are far
from idea and dgnificant effort is being directed in both academic and commercid
laboratories to the devdopment of more efficacious and safer drugs, especidly those that
are ordly active. The path-bresking advances in undersanding the pathology of asthma
and subsequent discovery of new drug targets, together with tremendous burgt  of
innovation in drug devdopment, have propdled the pharmaceuticd mgors for the
introduction of safer and efficacious drugs. In this scenario, Cytomed Inc. USA has
recently amnounced the development of CMI-546, (+)-trans—2-{3{3-(N'-butyl-N-
hydroxyureidyl) propoxy]-4-propoxy-5-(propylsulfonyl)phenyl} -5-(3,4,5-trimethoxyphen
yl) tetrahydrofuran @8) as a potent dud 5-LO inhibitor and PAF receptor antagonist there
by adiucaing as the curator for chronic asthma®® The molecule having spectacular
pharmacologicd and pharmacodyanamic  properties and enriched with rich functiondity
poses copious dtention to every synthetic chemis and hence our synthetic endeavor to
cpitulate the totd synthesis in economicdly vigble fashion. This chapter deds with the
synthesis of CM 546 (38).

H

o
H 1
MeO ot O NN
o hig
o
MeO o "
OMe 0,8~

CMI - 546 (38)
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Our gynthetic endeavor darted from the commercidly available 34-dihydroxy
benzaldehyde @39). It was reacted with benzyl chloride and 2N ethanolic KOH solution to
give a mixture of monobenzyl ether and dibenzylether derivetives (40 and 41), separated
by crysdlization.®* The monobenzyl ether derivative (40) was treated with iodine in 3.2 %
ag. NaOH solution at 80 °C to afford the iodo derivative @2) in 77% vyield. The structure
of 42 was confirmed by the *H NMR spectrum in which two meta coupled aromatic
protons were located & 7.45 and 7.85 ppm. The iodo derivative 42 was dkylated with n-
propyl bromide in presence of K,CO3; in DMF a 75-80 °C dffording the propyl ether
derivative (43) in 82 % yidd (scheme 1). The 'H NMR spectrum of 43 showed
characteristic pesks a 1.03 (triplet), 1.82 (sextet) and 4.05 (triplet) ppm corresponding to
the propyl group. The remaning chemicd <hifts were in complete agreement with the
assigned structure.

Scheme 1

CHO CHO
2N Ethanolic KOH
> +
on  BnCLRT OBn OBn
overnight
OBn OH
41 40

CHO

OH
39
CHO oo CHO |, 80 °C, 8
"R ’ 3.2% NaOH
| 0OBn DMF, 75-80°C,12h |/©\OBH
o OH
43 42

The adehyde @3) was treated with the Grignard reagent 44% [obtained from 2(2-

bromoethyl)-1,3-dioxolane and magnesum in THF] to aford the dooha 45 in 78% yidd

(scheme 2). The structure of 45 was confirmed by its *H NMR spectrum that showed a
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triplet & 0.98, two sets of multiplets between 1.66-20 and 3.75-40 ppm. The rest of the
spectrum was in agreement with the assigned sructure. The FAB MS spectrum showed

highest mass pesk a m/z 498 which corresponded to molecular ion pesk of 45.

Scheme 2
CHO [O>/\/MgBr OH o
o 44 ' j
> O
| OBn THF,0°C -rt, 4 h O
' ' vl
o " OBn
43 45

In order to cleave the acetd group present in compound 45, it was treated with
pPTSA in methanol to give 46 in 85% yidd (scheme 3). The hydrolyss with concomitant

formation of methyl acetd was observed to give 46 whose sructure was supported by

spectroscopic data.
Scheme 3
|
tQM ] _PTSA 0" ome
/\/O MeOH, rt, 3 h
45 46

Displacement of iodine with sulfide has been performed by making use of Ullmann
conditions®® Thus, 46 was trested with propyl sulfide and copper powder in DMF & 100
°C to afford 47 in 65% yield. The *H NMR spectrum of 47 showed a characteristic triplet
a 286 ppm corresponding to S-CH», group. The structure of 47 was further confirmed by
mass spectrum in which highest mass pesk was found at m/z 416 (M*). The sulfide 47 was

oxidized with mCPBA in CH2CL to give the sulfone 48 as a solid in 80% yidd (scheme
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4). In the 'H NMR spectrum of 48 the methylene protons adjacent to SO, group showed a
downfidd shift and appeared a 340 ppm. The aromatic protons dso showed downfield
trend due to SO, group. The structure of 48 was further supported by its mass spectrum
which showed molecular ion pegk a m/z 448.

Scheme 4

Propyl disulfide
! d NS o” vOMe
0 OMe Cu powder, DMF
P 100°C, 24 h ~"o
OBn OBn
46 47
mCPBA, CH,CI, /\/025 o OMe
0°C-rt,3h
I \/\O
OBn
48

Hydrolyss of methyl acetd group of compound 48 was accomplished in presence
of H,SO,4 in a mixture of dioxanrwater under reflux. The formed lactol derivative 49 was
sorutinized by *H NMR spectrum which dearly showed absence of methoxy group. The

FAB MS spectrum gve molecular ion pesk a mvz: 434 (M*). The free hydroxyl group in

Scheme 5
NS o~ VOMe dioxan-water(10:1) N5 o  “OH
~"0o catH,S0,, 100°C,6h 7 O
OBn OBn
48 49
S
TBSCI, imidazole N0 o~ rOTBS
DMF, 1, 3 h ~"0o
OBn
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49 was protected as its TBS ether derivative with TBDMS-Cl and imidazole in DMF & 25
°C to afford 50 as a 2:1 mixture of diastereomers in 95% yield (scheme 5). The *H NMR
gpectrum of 50 reveded the typicd snglets due to TBS group a 0.13 and 0.90 ppm. The
anomeric proton gppeared a 5.68 ppm as a broad doublet. The FAB MS spectrum of 50
reveded highest mass pegk a m/z: 491 corresponding to the loss of tert. butyl group.
Ingallation of the Trimethoxyphenyl Ring

Our next am was to introduce the trimethoxyphenyl segment a C-5 of
tetrahydrofuran ring with a view to complete the synthess of CMI-546 (38). Although
severa gpproaches™®® have been found in the literature for this endeavor, we believe that
the mogt promisng in tems of controlling relaive and absolute Sereochemistry was the
Corey’'s gpproach.* Accordingly, silyl acetdd 50 was treated with TMSBr a —78 °C to
aford the corresponding bromo derivative (51), which being rather ungtable was used
immediady. To the above reation vesd, & — 78 °C a mixture of 345

trimethoxyphenylmagnesiumbromide (52)* and LixCuCl in THF was added. This led to

Scheme 6
OB o  OTBS TMSBr, CHCl, | ~\9" o VB
~"o -78°C, 1.5 h ~"o
OBn OBn
50 51
MgBr
(52) MeO e OBn
MeO OMe (@]
OMe - MeO o "
OMe 0.S
Li,CuCl,, THF, -78°C, 1h 22N
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the GC bond formation a G5 giving rise the product 53 in 65 % yield (scheme 6). The
sructure of 53 was derived from the spectroscopic data In the 'H NMR spectrum of 53
three methoxyl groups appeared a 3.83 (anglet, 3H) and 3.88 (snglet, 6H) ppm. The
protons a C-2 and C-5 were observed as a multiplet between 5.08-5.27 ppm. The
dructure of 53 was aso supported by its FAB MS data [585 (M *+1)] and HRMS (Calcd.
for CpH400sS 585.2536. Found: 585.2522).

Unmeasking of O-Bn group in 53 was accomplished by hydrogenolyss in presence
of 10 % Pd/C in ethyl acetate to give 54 as a solid materid in 63 % yidd (scheme 7). The
conspicuous absence of signds due to benzyl group was noticed in the *H NMR spectrum
of 54. The FAB MS spectrum showed the highest mass pesk a m/z. 495 corresponding to
M*+1.

Scheme 7
MeO . OH
10% PAIC, EtOAC NG
53 >
H,. 1t 2 h MeO o "
OMe OS5
54

Our next concern was to introduce N-hydroxyurea segment a the free phenolic

goup of 54. For this endeavor, firg the O-dkylaion with 3-phthdimido-1-bromopropane
(55) in presence of K2COsz in acetone under reflux was peformed to afford the
phthdimido derivative 56 in 92 % yied. The Sructure of the product 56 was confirmed
by the 'H NMR spectrum which showed two multiplets between 7.69-7.75 and 7.80-7.88
ppm typica of the phthdimide group. In the IR spectrum characterigic absorptions a
1775 and 1715 ot due to phthaimido carbonyls were obsarved. The FAB MS spectrum

gave a highest mass pesk a mvz: 681 atributed to M™+1. The HRMS



90

(Cdcd. for CxHasNO1S 681.2607. Found: 681.2650) was condgent with 56. The
deprotection of phthdimide group presat in 56 wsing hydrazine monohydrate in refluxing

ethanol provided the amine 57 (scheme 8).

Scheme 8
N Bra_~_-NPhth (55) MeO O~ _~_NPhth
(0]
K,CO
,CO3, Acetone M80:© 0"
reflux, 16h
OMe 0S5 "
56
NH,.NH,H,0 MeO o O~ NH;
Ethanol, reflux, 10 h MeO O/\/
OMe 0,5«

It is petinent to mention that many hydroxamic acids and hydroxy uress act as
potent 5LO inhibitors In order to optimize dud 5LO inhibition and PAF receptor
antagonig  activities in a sngle molecule, the introduction of butyl N-ureidyl functiondity
was sought. Both cis and trans isomers containing a medium size dkyl group are the mogt
active in both rat basophilic leukemia (RBL) cdl extracts and PAF assays. Thus, hutyl N-
(O-benzyl)amine (61) was prepared as shown in scheme 9. The O-benzyl hydroxylamine
hydrochloride 68) in agueous NaHCO; was treated with (Boc).0 to afford the carbamate
59 whose sructure was confirmed by the 'H NMR spectrum. The carbamate 59 was
akylaed with NaH and butyl bromide in DMF to give 60, the addolyds of which with
trifluoroacetic acid in CH,Cl, provided butyl N-(O-benzyl)amine (61). The 'H NMR
goectrum of 61 showed a triplet a 0.92 (CH3), a multiplet a 1.27-1.57 (2xCH,) and a

triplet at 2.89 ppm (CH2N). The benzylic protons appeared asa singlet a 4.65 ppm.
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Scheme 9
(Boc),0, aq.NaHCO, NaH, n-C,HyBr
BnONH.HCI = BnONHBoc >
dioxan, rt, 2 h -
58 10X 59 DMF, 0 °C-60°C
16 h
TFA : CH,CI
" N(OBn)Boc 2 ~ "\ NHOBn
60 rt, 12 h 61

The find endeavor was gppending of N-hydroxyureidyl moiety to 57 which was
effectivdy accomplished with triphosgene in the presence of triethylamine in CH,Cl, to
produce an isocyanate intermediate (62) not isolated for being undable. The isocyanate
(62) was immediady trested with butyl N-(O-benzyl)amine (61) and triethylamine to
aford 63 in 82% yidd (scheme 10). The dructure of 63 was unambiguoudy derived from
the rdevant chemicd shifts in the '"H NMR spectrum. The *H NMR spectrum of 63
showed snglets a 4.72 (benzylic methylene) and 7.30 ppm (phenyl) corresponding to N-
OBn group. The triplet due to NH appeared at 5.74 ppm while the CH,N showed another

triplet & 348 ppm. The IR spectrum of 63 showed the characteridtic absorptions a 3440

Scheme 10
MeO . 0 NCO
Triphosgene, Et;N j@ QT;[ ~TN
57 > AN
CH,Cl,, 2 h, reflux MeO o
OMe 0,5~
L . _
OBn
<" NHOBn NN
MeO O~ NN~
(61) "o bl
Et,N, CH,CI, MeO o™~ ©
0 °C-tt, 3 h OMe 0,5~

63
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and 1685 ami! corresponding to NH and C=O stretchings respectivdly. The FAB MS
soectrum with the highest mass pesk a m/zz 757(M "+1) and HRMS data (Cacd. for
CaoH 55N2010S (M +1): 757.3733. Found: 757.3721) were aso in favour of the structure.
Hydrogenation of 63 in the presence of 10% Pd/C in ethyl acetate & norma
temperature and pressure afforded the target molecule CMI-546 (38) in 72% yidd

(scheme 11). The sructurd verification was performed with 'H NMR, IR and mass

gpectral analyses.
Scheme 11
OH
H |
10% Pd/C, EtOAc MeO Ny O\/\/N\H/N\/\/
H,, rt, 6 h MeO O/\/ O
OMe 0,5 "
CMI-546 (38)

The 'H NMR spectrum of CMI-546 (38) reveded characteristic singlets due to
methoxy groups. The dgnas due to C-2 and C-5 ring junction protons appeared as a
multiplet between 5.1-522 ppm. In the aromatic protons chemicd shift region, the two
protons of trimethoxy phenyl group gppeared as a Snglet a 654 ppm. While those from
the subgtituted phenyl sulphone ring gppeared @ 7.20 (d, J=14 Hz) and 742 (d, J =14
Hz) ppm. The IR spectrum of CMI-546 (38) showed the amide carbonyl absorption at
1650 cmi® whereas the OH and NH groups were observed a 3410 and 3230 cm*
repectively. The sructure of CMI-546 (38) was further confirmed by FAB MS [m/z: 667
(M™+1)] and HRMS [Cdcd. for CgHsN0pS(M™+1): 667.3264. Found: 667.3287]
spectra data

The above synthetic endeavor provided diastereomeric mixture of (R, R) and (S,

S)-CMI-546. In order to obtan both the diastereomers in enantiomericaly pure form,
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chird HPLC separation was attempted. Thus (R, R)-CMI-546 and (S, SFrCMI-546 were
easly sgparated on chiracd OD HPLC column using 40% isopropanol in hexane as
mobile phase. The diastereomers were andyzed by 'H NMR spectra, which were identical
for both while opticd rotations had opposite Sgn.
Conclusion

In summary, a concise and expedient synthess of CMI-546 (38) has been
achieved. The compound has been submitted to Cytomed Inc. USA for evauating
phamacologicd profile (PK/PD) in the tretment of ashma, egpecidly for 5LO
inhibiion. The future will ewisgon that such andl molecule inhibitors and potentiad

anaogues hammer out asthma and enhance the humean life for new world order.



SECTION 11
New and efficient Method for (+)-trans-2,5-
Diaryltetrahydrofurans
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I ntroduction

Recent efforts in identifying and developing effective agents to treat inflammatory
and immune disorders have led to the synthess of a family of important compounds,
trans2, 5dayl tetrahydrofurans’® These compounds have been found to be particularly
ussful in treating psoriess and aopic dermaitis  both chronic  inflammetory  disorders
afecting millions of people A number of pharmaceuticd compostions contaning these
drugs have been prepared.”® However, there remains a need for an improved synthetic
route to prepare these vaduable agents. This part describes the synthesis of (x)-trans-25
diaryltetrahydrofurans B2 & 64). It is more appropriate to discuss about the related work

before describing the present work.
MeO ., OMe MeO )
@) o
MeO OMe  MeO o "
OMe OMe OMe OMe
32 64

Approaches Toward trans-2,5-Diaryltetrahydrofurans
(i) Merck’s approach®

Regio- and enattiodective reduction of 14dketone 67 and subsequent
cydisgtion in the presence of acid are the key seps in Merck’s gpproach. Condensation of
vinyl ketone 65 with addehyde 66 in the presence of thiazolium catayst and EsN gave 1,4-
diketone (67). Regio- and enantiosdlective reduction of diketone 67 to (1S)—-isomer (68)

was accomplished with (S-BINAL-H as the reducing agent. Reduction of 68 with NaBH 4
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folowed by cydistion with 5 % TFA provided the opticdly pure trans-25diayl

tetrahydrofuran 69 (55 %) and its cis- isomer (20 %) (scheme 12).

Scheme 12
SO,Me
1. ETB/Et3 00 O
/\/
2 mCPBA
65 66 67
o SO,Me
(S) BINAL-H MeO SO, Me 1 NaBH,  MeO N 5
OHO P Yd
O/\/ 2 5%TFA  MeO (0]
OMe OBn
68 69

(i) Corey’sapproach®

Enantiosdlective reduction of gketo ester 70 with oxezaborolidine cadys and
coupling of bromo ether 74 with aryl magnesumbromide are the key steps in Corey’s
goproach.  Accordingly, reduction of ketone 70 with borane in the presence of
oxazaborolidine catdys gave the corresponding adcohal (71) in high eantiomeric excess,
which upon treatment with NaH furnished the lactone (72). Reduction of lactone 72 with

DIBAL-H &fforded the lactol (73), which was converted to the corresponding a-

Scheme 13
(@]
1. Borane/ o
COOCH; oxazaborolidine 1. DIBAL-H
> —_—
MeO 2. NaH MeO 2. TMS-Br
OMe 70 OMe 72
MgBr
-100 °C o
+
OMe MeO OMe
OMe OMe OMe OMe

74 75 76
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bromoether (74) usng TMS-Br a —78 °C. Coupling of this brome ether 74 with 34
dimethoxyphenylmagnesiumbromide  (75) at — 100 °C &fforded the trans product 76
sectivdy (cistrans: 1:10) (scheme 13).
(iii) Larock’s approach®

Regio- and dereosdective pdladium cadyzed diaylaion of 23-dihydrofuran and
subsequent  hydrogenation are the key dgeps in Larock’s approach.  Accordingly,
diaylation of 23-dihydrofuran (77) using Pd(OAc), PhP, n-BwCl, KOAc, and avyl
iodide (78) in DMF a room temperature (procedure A) followed by second arylation usng
Pd(OAC),, PhsP, AgCOs, and ayl iodide (78) in CHsCN at 80 °C (procedure B) and
subsequent  hydrogenation over PO, catdyst afforded the desred trans-25-dayl

tetrahydrofuran (32) as the only product (scheme 14).

Scheme 14
| OMe
o) Procedure A MeO Procedure B
;\ ; + —_— 0) —_—
MeO OMe MeO /
OMe
77 78 79
OMe OMe OMe OMe
MeO OMe H2, PtOZ MeO OMe
0] > v, O
MeO OMe MeO K OMe
80 32

Procedure A: 2.5% Pd(OAc),, 2.5% Ph,P, n-Bu,NCI, KOAc, DMF, rt.
Procedure B: 3-4% Pd(OAc),, 9% Ph,P, Ag,CO,, 78, CH,CN, 80 °C.

(iv) Ley’ sapproach™
Diastereosdlective  C-C  bond formation via nudeophilic subditution of  2-

benzenesulphonyl tetrahydrofuran is key step in Ley’ s gpproach. Accordingly, various
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sulphones were prepared and direct subgtitution with organozinc reegents gave 25-diaryl

tetrahydrofurans (scheme 15).
Scheme 15
MgBr
MeO o SOzPh ZnBI‘2 MeO O O OMe
+
MeO MeO OMe MgBrZOEtZ MeO
OMe OMe
81 52 32

cis :trans-15:85

All thexe synthesess have involved a number of synthetic geps, frequently
proceeded in low ovedl yidd, which prompted us to underteke rgpid and efficient

synthesis of these compounds.
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Present Work

In the preceding section we have demondgrated a novel agpproach to synthesize
CMI-546 (38). Propdled by the success, we adso undertook the synthess of bioactive

compounds 32 and 64 using anew and efficient method.

MeO Yy OMe MeO ‘.,
(0] o -
MeO OMe MeO o™
OMe
OMe 32 OMe 64 OMe

Synthesisof (+)-trans-2, 5-Bis-(3,4,5-trimethoxyphenyl)tetrahydrofuran (32)

We began the gynthess of 32 from commecidly avaladle 345
trimethoxybenzaldehyde (82) which on trestment with acetylene magnesumbromide (83)
(generated in situ by acetylene gas and ethyl magnesumbromide in THF) a room
temperature gave the adkyne derivative 84 in & % yidd. The dructure of 84 was
confirmed by the H NMR spectrum in which the acetylene proton appeared as a singlet at
265 ppm. Our next am was to inddl the second trimethoxyphenyl carbinol segment a
the free acetylenic carbon. For this endeavor, 84 was treated with ethyl magnesum
bromide a 60 °C which led to the generation of acetylenic Grignard. Subsequent reaction
with 82 gave the diadl 86. Compound 86, beng a C,-symmetricd molecule, showed in its
'H NMR spectrum resonances corresponding to helf molecule only. For example,
resonances due to benzylic methine proton gopeared a 5.50, methoxyl groups a 3.85, ad
aomatic protons a 6.75 ppm, dl as snglets. Its Structure was further supported by mass

[m/z: 418 (M™)] spectroscopic data.
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Compound 86 was hydrogenated in the presence of Raney Ni to reduce the triple
bond. In the 'H NMR spectrum of the resulting product 87 presence of a multiplet between
175185 ppm due to methylene protons clearly confirmed the reduction step. The diol 87
was cyclized in presence of 5 % TFA in CHCE to provide a mixture of (z)-cis- and (+)-
trans-2,5-bis- (34 5trimethoxyphenyDtetrahydrofuran - (32).  The  mixture was  not
Sseparated but subjected to prolong trestment of TFA. This trestment converted cis isomer
into trans. Thus the reaction mixture contained predominantly the trans-isomer dong with
minor quantity of cis-isomer (32) (scheme 16). Upon work-up and cryddlizaion, pure
trans-isomer of 32 was obtained. The *H NMR and mass spectra data and melting point

of compound 32 were identical with reported values ¥

Scheme 16
CHO OH
=—MgBr MeO — R 00°C, 82
MeO OMe MeO
OMe OMe
82 84R =H EtMgBr
85R = MgBr-—160°C
HO OH
MeO — OMe i MeO OMe
Ty QI e My ed)
MeO OMe H; MeO OMe
OMe OMe OMe OMe
86 87
TEA MeO o’ OMe MeO O 0 ‘ OMe
. +
CHCl,4 MeO OMe MeO OMe
OMe OMe OMe OMe
(#)-trans-32 (+)-Cis-32

T TFA |

CHCl,
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Synthesis of (+)-trans-2-(3,4,5-Trimethoxyphenyl)-5-(3-methoxy-4-propoxyphenyl)
tetrahydrofuran (64)

Synthess of 64 was initiatled from commercidly avalable vanillin (88) which was
O-dkylated with 1-bromopropane in the presence of K,COs; to give the propyl ether
deivative 89. The compound on trestment with acetylenemagnesumbromide gave the
dkyne 90 whose structure was confirmed by the *H NMR and mass spectroscopic data
The Grignard resgent (91) (generated in Stu by compound 90 and ethyl
magnesiumbromide in THF a 60 °C) was treated with 82 to give the diol 92. The *H NMR
gpectrum of 92 showed singlets due to methoxyl groups a 3.73 (6H), 3.77 (3H), and 3.80
(3H) ppm while rest of the spectrum was in complete agreement with the assgned
sructure. Reduction with Raney Ni followed by cyclisation in the presence of TFA in
CHCk provided the crystdline (+)-trans-64 (scheme 17). The 'H NMR and El mass

spectrd data clearly confirmed the structure of 64.

Scheme 17
CHO CHO OH
_~br =—MgBr _ 0°C, 82
D —— B —— =R B ————
oMe KCOs OMe 0
e
OH o—__ OMe
9O0R=H EtMgBr
88 89 91 R = MgBr 60 °C
HO OH
— OMe ; OMe
7T Ot e Oy e
/\/() OMe H2 /\/O OMe
OMe OMe OMe OMe
92 93
N O

—_—

vl

OMe OMe Ove OMe
(x)-trans-64 (%)-cis-64
f TFA ,

CHCI,
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In condudon, a short and efficent method for the synthess of (+)-trans-25-diayl
tetrahydrofurans has been developed. One of our colleague successfully syntheszed CMI-
3% (37) usng this methodology.® Further, enantiosdlective synthesis of trans-25-diary

tetrahydrofuransis under progress.
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Experimental

3-Benzyloxy-4-hydroxybenzaldehyde (40)

Benzyl chloride (417 ml, 3623 mmol) was dowly added to a solution of 34-
dihydroxybenzddehyde (39) (500 g, 3623 mmoal) in 2N ethanolic potassum hydroxide
(400 ml). The reaction mixture was dgirred overnight under nitrogen, ethanol was
concentrated and then diluted with ice water. The solution was extracted with diethyl ether
to remove the dbenzyl ether deivaive (41). The agueous layer was ecidified with
concentrated  hydrochloric acid and extracted with CH:Cl,, dried (Na&SOs) and
concentrated to a volume of 200 ml and light petroeum (50 ml) introduced. After
overnight dirring the dating maerid (39)(18.2 g) was filtered, while the maother liquor
concentrated to afford 40 (25.6 g, 31 %).

m.p.: 109-111 °C; lit* m,p.: 110-113°C.

'H NMR d (200 MHz, CDCly): 5.06 (s, 2 H), 639 (s, 1 H), 6.95 (d, 1 H, J = 80 H2),
7.127.4 (m, 7H) and 957 (s, L H).

3-Benzyloxy-4-pr opoxy-5-iodobenzaldehyde (43)

To a solution of 40 (20.0 g, 87.7 mmol) in ag. 3.2 % NaOH solution (200 ml),
iodine (22.3 g, 87.7 mmol) was added and the mixture heated & 80 °C for 8 h. The
reection mixture was cooled to room temperaiure and concentrated hydrochloric add
added and the precipitated solid filtered. It was recrystdlized with isopropanol to give 42
(2399, 77 %).

m.p.: 136-138°C.

A mixture of 42 (20.0 g, 56.5 mmol), potassum carbonate (10.1 g, 73.4 mmol) and

1-bromopropane (7.7 ml, 84.7 mmal) in DMF (50 ml) was dtirred & 7580 °C for 12 h.

The reection mixture was diluted with water and extracted with diethyl ether which was
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dried (N&SO4), and concentrated. The crude product was purified on dlica gd usng ethyl
acetate light petroleum (1:9) as duent to give 43 (18.3 g, 82 %).
'H NMR d (200 MHz, CDClg): 103 (t, 3H, J = 7.2 Hz), 1.82 (sextet, 2 H), 405 (t, 2 H, J
=6.6 Hz), 515 (s, 2 H), 7.37.45(m, 6 H), 7.83 (d, L H, J= 1.5 Hz), 9.79 (S, 1 H).
1-(1,3-Dioxolan -2-yl)-3-hydr oxy-3-(3-benzyl oxy-4-pr opoxy-5-iodophenyl)propane
(45)

The solution of Grignard reagent (44)% [prepared from 1.21 g of megnesum and
685 g of 2-(2-bromoethyl)-1,3-dioxolane in THF (50 ml)] was cannulated to a solution of
43 (100 g, 252 mmol) in THF (100 ml) a& 0 °C. The reaction mixture was alowed to tir
a room temperature for 4 h, quenched with saturated ag. NH4Cl solution and extracted
with ethyl acetate. The organic extract was washed with brine solution, dried (NaSO,)
and concentrated. The crude product was purified on dlica gd udng ethyl acetatelight
petroleum (1:4) asdluent to afford 45 (9.8 g, 78 %).
'H NMR d (200 MHz, CDClg: 0.98 (t, 3H, J = 7.0 Hz), 1.66:2.0 (m, 6 H), 265 (br s, 1
H), 3.754.0 (m, 6 H), 456 (t, 1 H, J = 5.1 Hz), 4.83 (t, 1H, J = 39 H2), 503 (s, 2 H),
6.90 (d, 1H, J= 1.6 Hz), 7.25-7.42 (m, 6 H).
IR (NEAT): 3480 cmit.
FAB MS (Na): 498 (M").
2-M ethoxy-5-[3-benzyloxy-4-pr opoxy-5-(propylthio)phenyl]tetr ahydr ofuran (47)

A solution of 45 (94 g, 188 mmoal) and pTSA (0.1 g) in methanol (100 ml) was
dirred a room temperature for 3 h, neutraized with triethylamine and concentrated. The
resdue was purified on dlica gd using ethyl acetate-light petroeum (1.9) as duent to

dford 46 (7.5 g, 85%).
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'H NMR d (200 MHz, CDCly: 1.05 (t, 3H, J = 7.0 Hz), 1.73-23 (m, 6 H), 34 (s, 3 H),
395 (t, 2H, J=68Hz), 48252 (m, 4 H),697 (d, LH, J =14 Hz), 728748 (m, 6 H).
FABMS: 468(M").

Compound 46 (5.0 g, 10.7 mmol), copper powder (2.71 g, 42.7 mmol) and propyl
disufide (4.2 ml, 26.7 mmal) in DMF (30 ml) were heated to 100 °C for 24 h and filtered
through Cédlite. To the filtrate ethyl acetate and NH4Cl: NH4OH (9:1) solutions were added
and the layers sepaated. The organic layer was washed with brine solution, dried
(Na&SO,4 and concentrated. The crude product was purified on dlica gd usng ethyl
acetate-light petroleum (1.9) as duent to afford 47 (2.9 g, 65 %).

'H NMR d (200 MHz, CDClg): 1.05(q, 6 H, J = 6.81 Hz), 1.62.3 (m, 8 H), 2.86 (t, 2 H,
J =726 Hz), 34 (s,3H),398 (t, 2H, J=6.12 Hz), 488496 (m, 1 H), 5055.1 (m, 3 H),
6.82and 6.85 (25 2H), 7.37.45(m, 5H).

FABMS: 416 (M").

2-Hydr oxy-5-[ 3-benzyl oxy-4-pr opoxy-5-(pr opylsulfonyl)phenyl]tetr ahydrofuran (49)

A solution of 47 (2.8 g, 6.73 mmol) ad m-chloroperoxybenzoic acid (313 g, 18.2

mmoal) in dry CHCk (20 ml) was dtirred a room temperature for 3 h, quenched with the
addition of saurated ag.sodium thiosulfate followed by ag. NaHCO3; solution. The solid
was filtered through Celite, washed wih CH,Cl,. The organic layer was separated, washed
with brine solution, dried (NaSO4) and concentrated. The resdue was purified on slica
gd using ethyl acetate-light petroleum (1:4) as duent to give48 (2.41 g, 80 %).
m.p.: 163-170 °C; *H NMR d (200 MHz, CDCls): 103 (g, 6 H, J = 6.8 Hz), 1.63-25 (m,
8 H), 33342 (m,5H),413 (t, 2H, J =675 Hz), 496523 (m,4H),72(d, 1H, J=14
Hz), 7.37.48 (m, 6 H); FAB MS (Na): 448 (M ™).

Compound 48 (215 g, 479 mmol) and conc. H,SO4 (0.3 ml) in dioxarwater

(10:1) was heated under reflux for 6 h, neutrdized with NaHCOsz and evgporated. The
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resdue was extracted with ethyl acetate, washed with brine solution, dried (N&SO,4) and
concentrated to provide a resdue which was purified on slica gd using ethyl acetate-light
petroleum (1:3) as duent to give 49 (1.25 g, 60 %).

'H NMR d (200 MHz, CDCl3): 086-0.97 (m, 6 H), 1525 (m, 8 H), 2.7 and 2.9 (broad
snglets, 1 H), 328338 (m, 2 H), 408 (t, 2 H, J = 6.3 Hz), 495 (t, 05 H, J =72 Hz),
5.065.2 (m, 25 H), 555 (br s, 0.5 H), 5.7 (d, 05 H, J =23 Hz), 715 (d, 1 H, J = 1.4 H2),
7.37.45(m, 6 H).

FABMS: 434 (M").

2-(O+ert-Butyldimethylsilyl)-5-[3-benzyloxy-4-pr opoxy-5-(propylsulfonyl)phenyl]
tetrahydrofuran (50)

A <ution of 49 (1.0 g, 23 mmoal), imidazole (0.33 g, 483 mmo) ad t-
butyldimethylsilyl chloride (0.38 g, 276 mmoal) in dry DMF (5 ml) was dirred for 3 h,
diluted with water and extracted with diethyl ether. The ether layer was washed with brine
solution, dried (Na&SO4), ad concentrated. The crude product was purified on slica gd

using ethyl acetate: light petroleum (1:15) as duent to give 50 (1.2 g, 95 %).

"M NMR d (200 MHz, CDCIl9: 013 (25 6 H), 09 (s 9H), 10 (q, 6 H, J = 65 Hz), L6
21 (m, 7 H), 24- 258 (m, 1 H), 33-34 (m, 2 H), 413 (t, 2 H, J = 59 Hz), 5.1-5.18 (M, 3
H), 5.68 (br d, 1 H), 7.16 (d, 1 H, J = 1.3Hz), 7.32-7.46 (m, 6 H).

FABMS: 491 (M - o).

(3,4,5-Trimethoxyphenyl) magnesium bromide (52)

To a sugpenson of Magnesum (0.2 g, 854 mmal) in THF (10 ml) under nitrogen,
dibromoethane (0.1 ml) and 34,5trimethoxy-bromobenzene (0.1 g, 04 mmol) were
added. After 15 min,, the reaction was initiated a which time remaining phenyl bromide

derivative (217 g, 88 mmol) in THF (20 ml) was introduced. The reaction mixture was
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dirred for 18 h. The generated Grignard reagent was cooled in icewater bath and then a
solution of dilithium tetrachlorocuprate (0.5 M in THF, 0.2 ml, 0.1 mmol) was added. The
reaction was girred at 0 °C for 15 min and used for the next coupling reaction.
(*)-trans-2-[3-Benzyloxy-4-pr opoxy-5-(propylsulfonyl)phenyl]-5-(3,4,5-trimethoxy
phenyl)tetr ahydrofuran (53)

To asolution of 50 (21 g, 3.83 mmol) in CH2Cl> (20 ml) & —78 °C under N2 was
added TMSBr (055 ml, 421 mmal). After 1.5 h, the aove prepared Grignard resgent
(52) was cannulated. The mixture was girred for 1 h a —78 °C and quenched with 10:1
saturated NH4CI/NH4OH solution (15 ml). The reection mixture was partitioned between
water-CHClo. Then organic layer was separated, washed with brine solution, dried
(N&S0,4) and concentrated. The residue was purified on slica gd using ethyl acetae light
petroleum (1:5) as duent to give 53 (1.45 g, 65 %).

'H NMR d (200 MHz, CDCIl3): 1.03(q, 6 H, J = 69 Hz), 1.67-2.06 (m, 6 H), 2.38-252
(m, 2 H), 3.334 (m, 2 H), 383 (s 3H), 388 (s 6 H), 414 (t, 2 H, J = 74 Hz), 508527
(m, 4 H), 657 (s, 2 H), 7.37.48 (m, 7 H).

FABMS: 585 (M +1).

HRM S(FAB): Cdcd for CxH400sS (M + 1): 585.2536. Found, 585.2522.

(x)-trans-2-[ 3-Hydr oxy-4-pr opoxy-5-(propylsulfonyl)phenyl]-5-(3,4,5-trimethoxy-
phenyl)tetrahydrofuran (54)

A mixture of 53 (1.4 g, 239 mmol) and Pd/C (0.2 g) in ethyl acetate (10 ml) was
dirred a room temperature under hydrogen amosphere (bdloon pressure) for 2 h.  The
cadys was filtered through Cdite and washed with ethyl acetate. The filtrate was
concentraied and the crude product purified on dlica gd usng ehyl acetae  light
petroleum (1:3) as duent to give 54 (0.74 g, 63 %).

m.p.: 116-118°C.
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'H NMR d (200 MHz, CDCl3): 095 (t, 3H, J=7.7 H2), 10 (t, 3H, J = 6.8 Hz), 1.61.95
(m, 6 H), 23242 (m, 2 H), 3233 (m, 2 H), 375 (s 3H), 38 (s 6 H), 403 (1, 2H, J=
6.1 Hz), 50-5.13 (M, 2 H), 628 (s, 1 H), 65 (s, 2 H), 7.18 (d, 1 H,J = 1.5 Hz), 7.34 (d, 1
H, J=15H2).

FABMS:495M +1).

HRMS ((FAB): Cacd for CosH340S (M + 1): 495.2052. Found, 495.2072.

(+)-trans-2-[ 3-(3-Phthalimidopr opoxy)-4-pr opoxy-5-(pr opylsulfonyl)phenyl]-5-(3,4,5-
trimethoxyphenyl)tetr ahydrofuran (56)

A mixture of 54 (0.7 g, 1.42 mmoal), potassum carbonate (0.25 g, 1.84 mmol) and
N-(3-bromopropyl) phthalimide (55) (0.57 g, 2.12 mmoal) in acetone (20 ml) was refluxed
for 16 h. The reaction mixture was concentrated and partitioned between water and ethyl
acetate. The organic layer was washed with brine solution, dried (NaSO,4), concentrated
and the crude product purified on sglica gd usng ethyl acgate light petroleum (25) as

eluent to give 56 (0.88 g, 92 %).

m.p.: 195-196 °C.

'H NMR d (200 MHz, CDCly): 1.06 (t, 3H, J=7.1Hz), 1.08 (t, 3H, J = 6.6 Hz), 1.68
206 (m, 6 H), 2223 (m, 2 H), 24255 (m, 2 H), 3.33.38 (m, 2 H), 3.83 (s, 3 H), 39 (s

6 H),395(t, 2H, J =66 Hz), 415 (t, 4 H, J = 6.1 Hz), 512-526 (m, 2 H), 658 (s, 2 H),

723(d, 1 H, J=15Hz), 7.45(d, 1 H, J = 1.5 Hz), 7.69-7.75 (M, 2 H), 7.8-7.88 (M, 2 H).
IR (NEAT): 1775, 1715 omit
FAB M S: 681(M").

HRM S (FAB): Calcd for CasH43NO16S (M *): 681.2607. Found, 681.2650,
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(+)-trans-2-[ 3-(3-Aminopr opoxy)-4-pr opoxy-5-(propylsulfonyl)phenyl]-5-(3,4,5-tri-
methoxyphenyl)tetrahydrofuran (57)

A solution of 56 (08 g, 117 mmol) and hydrazine monohydrate (0.2 g, 411
mmol) in ethanol (20 ml) was heated under reflux for 10 h and concentrated. The residue
was partitioned between water and @hyl acetate. The organic layer was washed with brine
solution, dried (N&SOa4) and concentrated to afford 57 (0.71 g) which was used in the next
step without further purification.

Butyl N-(O-benzyl) amine (61)

To a solution of O-benzyl hydroxylamine hydrachloride 58 (5.0 g, 31.3 mmoal) in
dioxan (30 ml) were added ag.1M NaHCO3z solution (50 ml) and di-tert-butyl dicarbonete
(6.83 g, 31.3 mmoal). The resulting milky solution was girred for 2 h a room temperature
and concentrated to remove dioxan. The P was adjusted to 4 with the addition of citric
acid and then extracted with CH.Clo.. The organic layer was washed with brine solution,
dried (N&SO,4) and evaporated to afford 59 (6.85 g, 98 %).

m.p.: 44-45°C; lit* m.p.: 45-46°C
'H NMR d (200MHz, CDCl3): 145 (s, 6 H), 152 (s, 3 H), 485 (s, 2 H), 7.05 (br s, 1 H),
7.357.42 (m, 5 H).

To asolution of 59 (6.6 g, 29.6 mmoal) and sodium hydride (1.77 g, 74 mmol, 60 %
digperson in ail) in DMF (30 ml) under nitrogen was added 1-bromobutane (3.81 ml, 355
mmol). The reaction mixture was heaed to 60 °C for 16 h, diluted with wae and
extracted with diethyl ether. The ether extract was washed with brine solution, dried
(N&SO,4) and evaporated. The residue was purified by dlica gd usng ethyl acetate light
petroleumn (1:10) as duent to provide 60 (7.93 g, 96 %0).

'H NMR d (200 MHz, CDCl3): 093 (t, 3H, J = 7.0 Hz), 1.22-1.4 (m, 2 H), 1.45 (s, 3 H),

15 (s 6 H), 1.521.62 (M, 2 H), 3.38 (t, 2 H, J = 6.8 Hz), 48 (s 2 H), 7.37.4 (m, 5 H).
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A solution of 60 (7.85 g 28.1 mmol) and trifluorcecetic acid (4.3 ml, 56.3 mmoal)
in CH,Cl, (20 ml) was dirred a room temperature for 12 h and concentrated. The residue
was taken into ethyl acetate, washed with saturated NaHCOs; and brine solutions, dried
(N&S0O4) and concentrated. The residue was purified on dlica gd using ethyl acetate: light
petroleum (1:5) as duent to give 61 (4.53 g, 90 %).

'H NMR d (200 MHz, CDCly): 092 (t, 3H, J = 4.2 Hz), 1.27-157 (m, 4 H), 2.89 (t, 2 H,
J=58Hz), 465 (s 2 H), 7.22-7.34 (m, 5 H).

(+ »-trans-2-{3-[3-(N*-Butyl-N*-benzyloxyur eidyl)pr opoxy] -4-pr opoxy-5-(pr opylsulfo-
nyl)phenyl}-5-(3,4,5-trimethoxyphenyl)tetrahydrofuran (63)

To a solution of 57 (0.7 g, 1.27 mmol) and triphosgene (0.19 g, 0.63 mmoal) in
CH.Cl, (20 ml), triethylamine (0.35 ml, 254 mmol) was added. The reaction mixture was
refluxed for 2 h and cooled a 0 °C, and then compound 61 (057 g, 317 mmol) and
triethylamine (0.7 ml, 5.08 mmol) were added. The reaction mixture was girred a room
temperaure for 3 h, quenched with water and extracted with chloroform. The organic
layer was washed with brine solution, dried (N&SO,) and concentrated. The crude product
was purified on glica gd usng ehyl acetae light petroleum (1:3) as duent to give 63
(072 g, 82 %).

'H NMR d (200 MHz, CDCI3: 083-1.08 (m, 9 H), 1.21.4 (m, 2 H), 1.52.05 (m, 10 H),
23825 (M, 2 H), 32534 (m, 4 H), 348 (t, 2 H, J = 6.8 H2), 38 (5 3 H), 385 (s, 6 H),
394 (t, 2H, J=61Hz), 408 (t, 2 H, J=63Hz), 472 (s 2 H), 513525 (m, 2 H), 5.74
(t 1H, J=45H2),658(s 2H),72( 1H, J=13Hz),73(55H),748(d, 1 H, J=
1.3 Hz).

IR (NEAT): 3440, 1685 cmi

FABMS: 757 (M +1).

HRM S (FAB): Calcd for CaHssN2010S (M + 1): 757.3733. Found, 757.3721.



(+)-trans-2-{3-[3-(N1-Butyl-N-hydr oxyur eidyl)pr opoxy] -4-pr opoxy-5-(pr opylsulfor-
yl)phenyl}-5+(3,4,5-trimethoxyphenyl)tetr ahydr ofuran (CM1-546) (38)

A solution of 63 (0.5 g, 0.66 mmal and 10 % Pd/C (50 mg) in ethyl acetate (5 ml)
was dirred a room temperature under hydrogen amosphere (baloon pressure) for 6 h.
The catdys was filtered through Celite, washed with ethyl acetate and concentrated. The
crude product was purified on dlica gd usng ethyl acetate light petroleum (3:2) as duent
to afford CM 1-546 (38) (0.32 9, 72 %).
m.p.: 102-104 °C.
'H NMR d (200 MHz, CDClg): 0.83 (t, 3H, J = 69 Hz), 095 (g, 6 H, J = 69 Hz), 1.22
(sextet, 2 H), 1.41.53 (m, 2 H), 1.62.05 (m, 8 H), 2.38-2.48 (m, 2 H), 3.28-34 (m, 6 H),
379 (s 3H), 383 (s 6 H), 408 (t, 4 H, J=60H2), 51522 (m, 2 H), 603 (t, 1 H, J=
5.1 Hz), 654 (s, 2 H), 7.0 (broad pesk, 1 H), 72 (d, 1 H, J=14Hz), 742 (d, 1 H, J=14
Hz);
IR (NEAT): 3410, 3230, 1650 om™.
FABMS: 667 (M +1).
HRM S (FAB): Cdcd for CxHsoN201S (M + 1): 667.3264. Found, 667.3287.
Chiral Separation of CM1-546 (38) with chiral HPLC
Column: Chiracd — OD
Mohbile phase: 40 % isopropanal in n-hexane
How rae 2 ml/min
UV: 225 nm

Retention time
() (+) diastereomer: 150 min, [a] o +28° (c 1, CHCl3)

(b) (-) diastereomer: 2.0 min, [a] p-31° (c 1, CHCly)



1-(3,4,5-Trimethoxyphenyl)-2-propyne-1-ol (84)

To a sugpenson of magnesum (158 g, 66.1 mmol) in dry THF (20 ml) ethyl
bromide (4.9 ml, 66.1 mmol) was added. After 15 min, acetylene gas was bubbled into the
above prepared solution of ethyl magnesiumbromide for 20 min a 0 °C and gtirred 30 min.
A solution of 82 (325 g, 165 mmol) in THF (20 ml) was introduced and after 30 min,
quenched with saturated ag. NH4Cl solution. It was partitioned between water and diethyl
ether. The ether layer was washed with brine, dried (NaSO4), concentrated and purified
on slicagd usng ethyl acetate-light petroleum (1:3) asduent to give84 (2.28 g, 62 %).

'H NMR d (200 MHz, CDCIl3): 265 (br s, 1 H), 3.82 (s, 3 H), 3.86 (s, 6 H), 5.37 (or s 1
H), 6.75 (s, 2 H);

EI MS: 222(M™).

1,4-Bis+(3,4,5-trimethoxyphenyl)-2-butyne-1,4-diol (86)

A solution of ethyl magnesumbromide (prepared from 1.38 g of magnesum and
4.3 ml ethyl bromide in THF) and 84 (3.2 g, 14.4 mmoal) in THF (40 ml) was heated & 60
°C for 90 min. It was cooled to 0 °C, compound 82 (2.83 g, 144 mmoal) in THF (15 ml)
was added. After 2 h, saturated ag. NH4Cl solution was introduced and the mixture
partitioned between water and diethyl ether. The ether layer was washed with brine, dried
(NaS0,), concentrated and purified on dlica gd with ethyl acetate-light petroleum (3:2)
asduent to afford 86 (3.91 g, 65 %).

'H NMR d (200 MHz, CDCl): 385(s, 9H), 55 (brs, 1 H), 6.75 (s, 2 H).
EI MS: 418(M").
1,4-Bis-(3,4,5-trimethoxyphenyl)butane-1,4-diol (87)

A mixture of 86 (2 g, 478 mmal) and Raney Ni (05 @) in ehanal (10 ml) was

dirred under hydrogen amosphere & normd temperature and pressure for 6 h. The

cadys was filtered through Cdlite and washed with ethanol. The filtrate was concentrated



and the cude product purified on dlica gd usng ethyl acetatelight petroeum (4:1) as
euent to give 87 (1.61 g, 80 %).

'H NMR d (200 MHz, CDCIg): 1.75-1.85 (m, 2 H), 385 (s, 3 H), 39 (s, 6 H), 460-470
(m,1H),65(s 2H).

El MS: 42(M™).

(x)-trans-2,5-Bis-(3,4,5-trimethoxyphenyl)tetr ahydr ofuran (32)

A solution of 87 (1 g, 236 mmol) and TFA (0.4 ml) in chloroform (5 ml) was
dirred for 24 h, patitioned between CHCl; and water. The organic layer was separated
and washed with ag. NaOH solution, brine, dried (N&SO4), concentrated and purified on
slica gd usng ethyl acetatelight petroleum (1:4) as duent to give 32 (0.52 g, 55 %). The
(x)-trans-isomer was recrystdlized with EtOAC: hexane (1:2).

m.p.: 138-139°C, lit™® m.p.: 139-140 °C.

'H NMR d (200 MHz, CDCl): 192207 (m, 2 H), 2.38-254 (m, 2 H), 383 (5 12 H),
388 (s, 6 H), 501 (gpparent t, 0.8 H), 5.18 (gpparent t, 1.2 H), 661 (s 25 H), 663 (s 15
H).

EI MS: 404(MY).

3-M ethoxy-4-pr opoxybenzaldehyde (89)

A mixture of vanillin (88) (5 g, 329 mmoal), 1-bromopropane (4.5 ml, 49.3 mmol)
and K,COs (59 g, 427 mmoal) in acetone (30 ml) was refluxed for 6 h. The reaction
mixture concentrated and partitioned between water and ethyl acetate. The organic layer
was washed with brine, dried (Na&SO,) and concentrated. The residue was purified on
dlicagd usng ethyl acetate-light petroleum (1:5) as duent to provide 89 (5.56 g, 87 %).

'H NMR d (200 MHz, CDCl9: 1.1 (t, 3H, J = 652 Hz), 1.9 (sextet, 2 H,J = 652 H2),
392 (s 3H),405(t, 2H, J=652Hz), 692 (d, LH, J =74 Hz), 7.35-7.42 (m, 2 H), 9.81

(s, 1H).
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1-(3-M ethoxy-4-pr opoxyphenyl)-2-propyne-1-ol (90)

Compound 90 was prepared from 89 as described previoudy. A solution of
acetylene magnesumbromide (generated in Situ from 247 g of Magnesum and 7.7 ml of
ethyl bromide and acetylene gas in THF) and compound 89 (5 g, 258 mmal) in THF (50
ml) was dirred for 30 min a room temperature, after the usud workup, the crude product
was purified on dlica gd usng ehyl acetae-light petroeum (1:3) as duet to give 90
(4.02 g, 71 %).

'H NMR d (200 MHz, CDCl3): 106 (t, 3H, J = 6.97 Hz), 1.87 (sextet, 2 H, J = 6.97 H2),
20 (rs 1H),26(s 1H),38(s 3H),395( 2H, J=651Hz),536 (rs 1 H),68
(d, 1H, J=837Hz), 6.98-7.08 (M, 2 H).

EI MS: 20(M™).

1-(3,4,5-Trimethoxyphenyl)-4-(3-methoxy-4-pr opoxyphenyl)-2-butyne-1,4-diol (92)

Compound 92 was obtained from 90 as described previoudy. A solution of ethyl
magnesumbromide (prepared from 1.3 g of Magnesum and 4.1 ml of ethyl bromide in
THF) and compound 90 (3 g, 13.6 mmoal) in THF (30 ml) was heated a 60 °C for 90 min,
then cooled to 0 °C and compound 82 (267 g, 13.6 mmoal) in THF (15 ml) was added.
After 2 h, it was worked up and the crude product was purified on slica gd usng ethyl
acetae-light petroleum (1:1) as duent to afford 92 (3.8 g, 67 %).
'H NMR d (200 MHz, CDCls): 103 (t, 3H, J = 7.27 Hz), 1.83 (sextet, 2 H, J = 7.27 H2),
373 (s 6 H), 377 (s 3H),38 (s 3H),39 (t 2H, J=694 Hz), 535 (br s, 2 H), 668 (5
2H),6.75(d, 1H, J=7.95Hz), 6.97.0 (, 2 H);
EI MS: 424(M™).
1-(3,4,5-Trimethoxyphenyl)-4-(3-methoxy-4-pr opoxyphenyl)butane-1,4-diol (93)

A mixture of 92 (3 g, 7.21 mmoal) and Raney Ni (1 g) in ethanol (20 ml) was dtirred

under hydrogen amosphere & norma temperature and pressure. After 6 h, the catadyst



was filtered through Celite and washed with ethanol. The filtrate was concentrated and the
crude product was purified on dlica gd usng ehyl acetate-light petroleum (3:2) as duent
togive 93 (257 g, 85 %).

'Y NMR d (200 MHz, CDCl3): 107 (t, 3H, J = 7.27 Hz), 1.75-1.95 (m, 6 H), 38 (s 3
H), 3.85 (s 9 H), 393 (t, 2 H, J = 7.27 Hz), 461 (gpparent t, 2 H), 6.5 (s 2 H), 6.78 (s 2
H), 6.85 (s, 1 H).

El MS: 402 (M *-H,0).
(£)-trans-2-(3,4,5-Trimethoxyphenyl)-5-(3-methoxy-4-propoxyphenyltetr ahydro -
furan (64)

A solution of 93 (1 g, 238 mmoles) and TFA (0.4 ml) in CHCl; (5 ml) was tirred
for 24 h, patitioned between CHCl; and water. The organic layer was separated and
washed with ag. NaOH solution, brine, dried (Na&SO,), concentrated and purified on slica
gd with ethyl acetate-light petroleum (1:5) as duent to afford 64 (0.6 g, 63 %). The (+)-
trans-isomer was recrystalized with EtOAc: hexane (1:2).

m.p.: 155-157 °C.

'H NMR d (200 MHz, CDCly): 1.05 (t, 3H, J = 7.65 Hz), 1.8-208 (m, 4 H), 2.37-254
(m, 2 H), 386 (s 9H), 39 (s 3H), 40 (t, 2 H, J =744 Hz), 504 (goparent t, 1.2 H),
5.16:5.27 (m, 0.8 H), 6.64-6.69 (m, 2 H), 6.84-7.02 (m, 3 H);

EIMS:402(M").
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CHAPTER 111
Synthesis of 9-epi-Manzacidin B
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I ntroduction

Bromopyrrole dkdoids comprise a typicd

class of maine naturd products,

frequently encountered as secondary metabolites of marine sponges of various species.

Among these gpecies Agelasiidae, Axinellidae
conditute the bromopyrrole akaoids.

(i) Agelasiidae family

B NH,
r
N7<
LA
N X
Br N
H 0]
oroidin (1)

and Hymeniacidonidae families

dibromophakellin (2)

NH,

A

N= "NH

\—/

YNH

NH,

sceptrin (3)

(ii) Axinellidae family

dibromo cantharelline (4)

H (e}
i~
NH
(@)
|
7 |
Br N N
H / H
(0]

axinohydantoin (5)



(iif) Hymeniacidonidaefamily

hymenialdisine (6) hymenine (7)

During the studies on bioactive substances from marine organisms, Kobayashi et
al®> have examined the extracts of numerous maine soonges and isolated severd
bromopyrrole dkdoids, which were found to be phamacologicdly usful as a-
adrenoceptor  blockers®  antagonists of  serotonergic  receptor,?  actomyosin - ATPase
adtivators.®

Recently they have invesigated bio active condituents of Hymeniacidon sp.7
and isolated three novel compounds, named manzecidins A-C (9-11) bdonging to an
unprecedented cdass of bromopyrrole dkdoids with an unusud 3456 tetrahydro
pyrimidine ring. Also very recently, manzacidin D (12) sructurdly related manzacidin

A (9) has been isolated.?

Br B
HNTSN r HNTSN
/ \ O\/‘\/l\ / \ O\/‘\/(\
COOH ¥V~ COOH
N Me H MeZ H
0

manzacidin A (9) manzacidin B (10)

Br
HNTN HNTSN

o AL Do ok
N O—~ COOH o COOH
N Me H N Me H
o o)

manzacidin C (11) manzacidin D (12)



Manzecidins A-C  (9-11) ae the firg bromopyrrole dkadoids with a
tetrahydropyrimidine ring attached through an ester linkege Mogt of the pyrrole-2-
caboxylic acid derivatives obtained from marine sources possess amide bonds!®®
Agdine B (13) is an example of a pyrrole-2-carboxylic acid derivetive attached to the
terpenoid through an ester bond.® Naturd products containing a tetrahydropyrimidine

ring are rare, and these apparently arethe first examples from marine sources.

ageline B (13)



Present Work

A number of bromopyrrole dkaoids have been found from marine sponges which
ae known to exhibit pharmecologicdly useful activities such as a-adrenoceptor blockers,
antagonists of serotonergic receptor, actomyosin ATPase activaiors, etc.’’ Recently a
novd dass of dkdoids manzacidin A-C (9-11) have been isolated,® which possess a
unique sructure condgting of an ester-linked bromopyrrole carboxylic add  and a 34,56
tetrahydro pyrimidine ring in which one of the amino group is atached to the C-9
quaternary carbon center.  Although manzacidins exhibit smilar biologicd activities to
those of other bromopyrrole dkdoids, only recently tests have been carried out, owing to
the extremdy samdl amount of samples avalable from marine sources. The synthess of
manzacidin A (9) was recently reported by Ohfune et al’? The difference between
manzecidin A (9) and manzacidin B (10) is an additiond hydroxy group & C-10. No
gynthess o manzacidin B (10) has yet been atempted. The importance of synthess of
manzecidin B (10) can be visudized in two ways Firg, totd synthess of manzecidin B
(10) would provide unambiguous proof for its d<ereochemica dructure but more
importartly it will pave a way to prepae andogues of manazecidin B (10) useful for
dructure activity reaionship. In this chapter we have designed a synthetic scheme which
will provide 9-epi-manzacidin B (14). We bdieve tha extenson of this protocol coupled

with requiste modifications in our drategy we should be ale to prepae the naurd

Br 14 13 Br 14 13
) \4 HN TSN 12 3 HNTSN
2 LN O 1(lZOOH 18X O N lz:oorvl
NS 7 & Mez NS5 7 % tras e
ez H 8 Mex H
H o 150H  ° H o 150H 1 17

9-epi-manzacidin B

manzacidin B (10) methyl ester (14)



product manzecidin B (10) at a later date. This chapter dedls with the synthess of Sepi-
manzacidin B asits methyl ester derivetive (14).
Retrosynthetic analysis

9epi-Manzecidin B methyl ester (14) can be obtaned by the edeification of
dooha (37) with bromopyrrole (38), the former being envisaged from the diamine 32) by
cadytic cydlisation. The formation of diamine (32) by regiosdective opening of the
epoxide (22) with nitrogen nucleophile was a sraight forward exercise The obtaintion of
22 usng mCPBA protocol conditutes of diastereosdective syn epoxidaion of cisg

amino dlylic dcohal (21) was planned.

Retrosynthetic analysis

Dﬁ‘/ HN \N IZD N
\/}\/}\

5 \/J\/i\COOMe + HO

N : CCl, COOMe

H
9-epi-manzacidin B 37
methyl ester (14)
BocNH NHBoc OH BOC\N’PMB
m— —
32 22
oH Boc PMB Boc,  ~PMB WH.

21 18 D-Phenylglycine (15)



Synthetic approach
We began the synthesis of 14 from D-phenylglycine (15) which was reduced™
with NaBH/4I, followed by protection of the amine functiondity with PMB and Boc

groups to give 18 (Scheme 1) whose structure was confirmed by the *H and *C NMR

spectra data

Scheme 1

NH, NH,

X NaBH,/I HO. A .

HOOC 472 1. anisaldehyde
2. NaBH,
D-Phenylglycine (15) 16
NHPMB Boc \-PMB
Ho\/\© (Boc),0 HO\/;\©
17 18

The dcohal (18) was oxidized with IBX and the resulting ddehyde then subjected
to modified Homer-Emmons olefingion  conditions usng  Stl's  resgent
(CFsCH20)2P(0)C(Me)COOEt and NaH at —78 °C to give the (Z)-olefin 20 in 56 % yidd
over two seps. The cis-gamino-a b-unsturated ester 20 was then reduced with DibalH
a —78 °C to ds-gamino dlylic doohol 21 in 87 % yidd. The structure of 21 derived from
the IH NMR spectrum showed the presence of the olefinic proton a 5.65 ppm. The C
NMR spectrum and dementd andysis further supported the structure of 21. The next sep
required diastereoselective syn epoxidation™® of 21. Thus, the mCPBA epoxidation of 21
a —10 °C in CH.Cl, aforded the epoxide 22 in 67 % yied (Scheme 2). The structurad
features of 22 were established ly the 'H and C NMR spectral data. The stereochemistry

of 22, dthough confirmed a a later Sage was given asindicated based on hypothess.



Scheme 2
Boc \N/PMB
1. IBX/DMSO : Dibal-H
18 » EtOOC_ _ <
2. (CF;CH,0),P(O)C(Me)COOEt Me -78 oC
NaH, -78 °C
20
Boc_ _PMB Boc. _PMB
OH °N OH N
: mCPBA :
— s
Me -10°C Me o
21 22

The highly diagtereosdective epoxidation of 21 was explained in tems of co-
operative effect reported by Kish.®® Namdly, it was postulated thet the hydroxy group of
the dlylic doohol and the carbonyl oxygen form hydrogen bonds with the peracid in the

trangtion ate as shown in figure 1.

Figure 1

Our next am was to introduce the amino group regiosdectivity a G2, for which
Hatakeyama's method was employed.’’ Thus, trestment of 22 with CCICN/DBU in
CHxCl> & 0 °C was followed by intramolecular epoxide-opening reaction catdyzed by
BF:OEL & —25 °C dfforded the oxazoline 24 in 64 % yidd over two steps. In addition, 20
% vyidd of the hydrolyss product was dso isolaed. It was pertinent to mention that the
BF3;:OEL cadyzed epoxide opening aso resulted in the deprotection of the Boc group.

The structure of oxazoline deivative 24) was confirmed by the *H and C NMR spectral



data The oxazoline derivative (24) was then converted in to the acohol 26 by acid
hydrolysis followed by tert-butoxy carbonylation in 82 % yiedd (Scheme 3). In the *H
NMR spectrum of 26 presence of a snglet & 147 ppm due to Boc protecting group
confirmed its sructure. In addition, the *C NMR spectrum and satisfactory elementdl

andyss supported the structure of 26.

Scheme 3
CI3C7—_N NHPMB BocNH  NHPMB
1.CCI,CN/DBU : 1.1M HCl :
22 O A A T, Ho
2.BF3OEt,/-25 °C Me : 2.(Boc),0
24 26

Our next concern was the condruction of tetrahydropyrimidine ring which
necesstated the deprotection of PMB group from compound 26 which was affected with
CAN. The resulting free amine, on successive treatment™® with (i) TFA and (i) methyl
orthoformate afforded the tetrahydropyrimidine derivative 28 in 62 % yidd. The dructure
of 28 was confirmed by the *H and *C NMR spectral data. For example, the presence of a
snglet & 8.10 ppm due to imino group identified in the *H NMR spectrum of 28 while the

res of the spectrum was in complete agreement with the assigned structure. Completion of

Scheme 4
1.CAN DMP/H*
26 _ .
2.TFA
3. CH(OMe),/H*
28
HNT XN
RuCl,/NalO,
— 1 >coon
Me - H
O><O




the synthess now required the oxidation of phenyl group to acid. For this endeavor the
dio was fird protected as isopropylidene deivetive (29), then the RuCk/NalOg4
oxidation® was atempted, but the reaction resulted in the decomposition of 29 (Scheme
4).

Hence the oxidaion of phenyl group in compound 26 was first sought before the
cyclisgtion. In order to accomplish the oxideation, the PMB protecting group was firg
deprotected usng CAN and the free amine was then protected with (Boc)2O to give
compound 31 in 85 % yidd. The two hydroxyl groups in compound 31 were protected as
ther acetate derivatives. The 'H, C NMR spectrd data and eementd andysis
established the dructure of 32. For example the two snglets a 1.25 and 1.47 ppm due to
Boc groups and another two dnglets a 1.93 and 2.05 ppm typicd of acetate groups, were
identified in the *H NMR spectrum of 32. The RuClyNalO, oxidation of 32 followed by
ederification with CH;N, afforded the ester 34 in 63 % yidd (Scheme 5). The snglet a
385 ppm due to methyl ester was identified in the *H NMR spectrum of 34 while rest of
the spectrum was in complete agreement with the assigned structure. In addition, the C

NMR spectrum and dementa analysis confirmed the structure of 34.

Scheme 5
BocNH NHBoc
1.CAN Ac,0
26 _—
2.(Boc),0

31
BocNH  NHBoc

BocNH NHBoc

AcO 1.RuCl,/Nalo,
— > AcO 2
2.CH,N, Ve & H COOMe
OAc

32 34
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The next reaction, deprotection of acetate functiondities from compound 34 with
K ,COs/MeOH resulted in the formation of the expected lactone 35 in 78 % vyidd. The *H
and *C NMR spectroscopic studies of 35 reveded the assigned structure. Construction of
the tetrahydro pyrimidine ring weas performed by successive treatment of 35 with (i) TFA
and (i) methyl orthoformate to give the acid which was purified efter the edterification
with CH,N, (Scheme 6). The structure of 37 was thoroughly characterized by H, Bc

NMR spectra data

Scheme 6
NHBoc HN T Xy
< 1.TFA
34 OH 2. CH(OMe), R COOMe
Me: H
MeOH —§  NHBoc  3cpp, OH
35 37

Compleion of the synthess now required ederification of the bromopyrrole

caboxylate with 37 . Thus trestment of 37 with NaH/trichloroacetylbromopyrrole(38) 1°
in DMF & room temperature gave the required compound 14 in 58 % yield (Scheme 7).

Scheme 7

BI’ Br PN
HN™ SN
/ NaH / \
3+ \ cc, —= O\)g-\/‘\
3 N s Y COOMe
N H MeZ H
H 0 o) OH

9-epi-manzacidin B
38 methyl ester (14)
The sructure of compound 14 was fully amdyzed by H and ®C NMR
spectroscopic data coupled with satisfactory elementd andyss. For example, in its *H
NMR spectrum the two meta coupled protons of the bromopyrrole moiety were appeared

as two doublets a 6.79 J = 1.92 Hz) and 7.01 ppm ( = 1.92 Hz). The dnglet a 8.07 ppm
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was atributed to H-13. The two singlets & 3.83 and 1.27 ppm were due to ester and
methyl groups respectively, while rest of the spectrum was in complete agreement with
the assigned structure.
Condusion

In condluson, synthess of the 9-epi-manzacidin B methyl ester derivative (14) has
been achieved via the stereosdective syn epoxidation and the regiosdective opening of the
epoxide with nitrogen nuceophile. The present synthetic route enables the synthess of
diastereomers of manzacidin B (10) which permits further pharmacologicd dudies on

these dkaoids.
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Experimental

(2R)-2-[(tert-Butoxycar bonyl)(p-methoxybenzyl)aminol-2-phenylethanol (18)

To a solution of NaBH; (129 g, 331.1 mmol) and D-phenyiglycine (15) (200 g,
132.4 mmol) in THF (200 ml) was added a solution of iodine (33.6 g, 1324 mmoal) in THF
(100 ml) drop wise & 0 °C. The reaction mixture was refluxed for 18 h, cooled to 0 °C ad
quenched with methanol, solvent concentrated and the residue dissolved in ag. 20 % KOH
solution (200 ml) and dtirred for 4 h. The mixture was then extracted with CHCh, the
combined organic extract was washed with brine, dried (N&SO,), concentrated to give 16
(17 g).

A soution of 16 (17 g, 124 mma) and p-methoxy benzadehyde (169 g, 124
mmol) in methanol was dtirred a room temperature for 1 h, cooled to 0 °C and NaBH4
(549, 1365 mmoal) added. After 2 h, the reaction mixture was quenched with dil. AcOH,
solvent  concentrated and the resdue taken in ethyl acetate, washed with brine, dried
(NaS0,) and concentrated to give a resdue which was suspended in 1:1mixture of THF
H20 (100 ml) and (Boc)O (29.7 g, 1364 mmol) introduced into the reaction mixture.
After 2 h, solvent was concentrated and extracted with ethyl acetate, the combined organic
extract was washed with brine, dried (NaSO,4), concentraed and purified on slica gd
using ethyl acetate-light petroleum (1:3) as duent to give 18 (39.2 g, 83 %).

[a] b= -37.2° (c 2.2, CHCh);

'H NMR d (200 MHz, CDCl3: 146 (s 9 H), 379 (s 3 H), 3.96 (d, 2 H, J = 5.37 H2),
420 (br s 2 H), 508 (t, 1 H, J=6.84 Hz), 6.82 (d, 2H, J = 8.79 Hz), 7.11-7.37 (m, 7 H);

BC NMR d (50 MHz, CDCls): 281, 482, 548, 615, 626, 80.1, 1136, 127.2-1282,

1310, 1381, 1565, 1584;
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Anal: Calcd. for GyH27NO, : C, 7058, H, 756, N, 392. Found: C, 70.15, H, 7.22, N,
36L

Ethyl(2Z,4S)-4-[(tert-Butoxycar bonyl)(p-methoxybenzyl)amino]-2-methyl-4-phenyl-
but-2-enoate (20)

A solution of compound 18 (10 g, 28 mmal) and IBX (862 g, 30.8 mmoal) in
DMSO (30 ml) was dirred at room temperature for 1 h, quenched with water and filtered.
The filtrate was diluted with ethyl acetate, washed with brine, dried (N&SO4) ad
concentrated to afford the ddehyde (8.7 g) which was used as such for the next reaction.

A asusppenson of NaH (127 g, 318 mmal) and bigtrifluoroethyl)-2-
phosophonopropionate ethyl ester (9.32 g, 26.9 mmol) in THF (75 ml) was dtirred a 0 °C
for 30 min. and then cooled to —78 °C. To the mixture were added successivey, a solution
of 18-crown-6 (323 g, 1225 mmoal) in THF (100 ml) and a solution of ddehyde (8.7 g,
245 mmol) in THF (60 ml). After 2 h & —78 °C, the mixture was quenched with sat. aq.
NH4Cl, extracted with ethyl acetate, dried (NaSOas), concentrated and purified on dlica
ge using ethyl acetate-light petroleum (1:10) as duernt to give 20 (6.88 g, 56 %).

[a] p=-14.7° (c 2.1, CHC});

'H NMR d (200 MHz, CDCl): 126 (t, 3H, J = 7.32 Hz), 140 (s, 9 H), 1.79 (s, 3 H),
3.77 6 3 H), 406424 (m, 4 H), 455 (d, 1 H, J = 7.81 Hz), 625 (d, 1 H, J = 7.33 H2),
6.77 (d, 2H, J=879 Hz), 7.07 (d, 2H, J= 830 Hz) 7.16:7.36 (M, 5 H);

BC NMR d (50 MHz, CDCly): 123, 13.7, 27.9, 47.9, 545, 56.7, 60.0, 79.7, 1132, 126.7-
128.3,130.0, 130.8, 137.6, 139.0, 155.2, 158.3, 166.7;

Anal: Calcd. for GsH3sNOs @ C, 7107, H, 751, N, 318 Found: C, 70.75, H, 7.32, N,

351
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(22 ,45)-4{ (tert-Butoxycar bonyl)(p-methoxybenzyl)amino]-2-methyl -4-phenylbut-2-
en-1-ol (21)

To a solution of 20 (6 g, 136 mmol) in CH.Cl, (75 ml) & —78 °C was added a
solution of DIBAL-H (17 ml, 342 mmol, 20 M in toluene). After 1 h, it was quenched
with ag. sodium potassum tartarate, extracted with CH,Cl,. The combined CH.CI, layer
was washed with brine, dried (NaSO,4), concentrated and purified on glica gd using ethyl
acetate-light petroleum (1:3) asduent to give 21 (4.72 g, 87 %).

[a] p=-27.6° (c 1.5, CHC});

'H NMR d (200 MHz, CDCly): 142 (s, 9 H), 1.65 (s, 3 H), 378 (s, 4 H), 391 (s, 2 H),
40 (r d, 1 H, J = 1562 Hz), 464 (d, 1 H, J =783 Hz), 565 (d, 1 H, J = 748 Hz), 6.79
(d,2H,3=879Hz),7.08 (d, 2H, J=830Hz), 7.20-7.36 (M, 5 H);

BC NMR d (50 MHz, CDCly): 145, 283, 485, 564, 610, 67.8, 80.3, 1150, 1226,
124.7-128.9, 1396, 1400, 1410, 154.1, 156.0;

Anal: Cacd. for GyHzNO,4 @ C, 7254, H, 7.80, N, 352. Found: C, 7295, H, 742, N,
38L

(2R,3S,4R)-4-[(tert-Butoxycar bonyl)(p-methoxybenzyl)amino]-2,3-epoxy-2-methyl-4-
phenylbutan-1-ol (22)

To a solution of 21 (45 g, 11.3 mmal) in CH.Cl, (50 ml) was added mCPBA
(334 g, 136 mmol, 70 %) a -10 °C. After 15 h at -10 °C, the reaction mixture was
guenched with ag. 5 % K,COs3; solution and extracted with CH,Cl,. The combined organic
extract was washed with brine, dried (NaSO,4), concentrated and purified on dlica gd
using ethyl acetate-light petroleumn (1:3) as duent to give 22 (3.13 g, 67 %).

[a] p = -12.4° (C 1, CHCl3);
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'H NMR d (200 MHz, CDCl3: 1.28 (s, 3 H), 1.38 (s, 9 H), 345 (d, 1 H, J = 391 H2),
369 (brs 2H),379 (s 3H),414 (brd, 2 H), 468 (d, 1 H, J=736H2),682(d, 2H, J=
8.79 Hz), 7.10-7.38 (m, 7 H);
BC NMR d (50 MHz, CDCly: 14.1, 281, 488, 54.9, 586, 59.1, 620, 65.3, 80.0, 1136,
126.6-131.0, 1383, 155.8, 1586,
Anal: Cacd. for CuHa1NOs : C, 69.73, H, 750, N, 3.38. Found: C, 70.15, H, 7.12, N,
38L
(1¢S,24R,4R)-4-[ 2¢-(p-M ethoxybenzyl)amino-2 ¢phenyl -1¢-hydr oxyethyl]-4-methyl-2-
(trichloromethyl)-2-oxazoline (24)

A solution of 22 (3 g, 7.26 mmal) in CH,Cl, (25 ml) was treasted with CCI;CN
(0.8 ml, 799 mmal) in the presence of DBU (0.1 ml, 0.72 mmol) & 0 °C. After 2 h,
olvent was removed and the resdue purified on dlica gd with ethyl acetatelight
petroeum (1.5 as duent to give trichloroacetimidate (34 @) which was immediady
dissolved in CH,Cl, (25 ml) and treated with BF:OEt, (0.3 ml, 218 mmol) & —25 °C for
45 min.. The reaction mixture was diluted with CH2Cl,, washed with ag. NaHCOg, bring,
dried (NaSO,4), concentrated and purified on dlica gd usng ehyl acetaelight petroleum
(1:3) asduent to give 24 (2.12 g, 64 %).
[a] p=-5.6° (c 1.5, CHCly),
'H NMR d (200 MHz, CDCl3): 084 (s 3H),358 (brd, 1 H, J =14.65Hz), 3.81 (S, 3 H),
388(, 1H,J=879Hz,415(, 1H, J=341Hz), 446 (d, 1 H, J=733Hz),465(, 1
H,J=733Hz),485(d, 1H, J=7.81Hz), 683(d, 2H, J=879Hz),704(d,2H, J=
8.79Hz), 7.17 (br s, 2 H), 7.40-7.43 (m, 3 H);
BC NMR d (50 MHz, CDCIl3): 133, 456, 491, 549, 594, 618, 74.2, 1014, 1146,

127.312838, 134.9, 137.6, 156.8, 173.0;
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Anal: Calcd. for GiHxCIsN,O3 : C, 55.14, H, 5.03, N, 6.12. Found: C, 55.97, H, 582, N,
65L

(2R,3S,4R)-2-(tert-Butoxycar bonylamino)-4-(p-methoxybenzylamino)-4-phenyl
butane-1,3-diol (26)

A solution of 24 (2.0 g, 437 mmol) in THF (25 ml) was treated with 1M HCl (10
ml) a room temperature. After 2 h, it was carefully basified with NaHCO3, (Boc)O (2.86
g, 131 mmol) added and dirred for 24 h. The reaction mixture was saturated with NaCl,
extracted with ethyl acetate, dried (NaSO,4), concentrated and purified on slica gd using
ethyl acetate-light petroleum (1:2) as duent to afford 26 (1.54 g, 82 %).

[a] o =+6.7 (c 1.5, CHCD);

'H NMR d (200 MHz, CDCl9: 0.77 (s 3 H), 1.47 (s 9 H), 373 (d, 1 H, J=11.23 H2),
381 (s 3H),39(d, 1H, J=1123Hz), 433 (d, 1 H, J =3.87 Hz) 461 (ABqg, 2H, J=
782 Hz), 484 (d, 1 H, J =865 Hz), 683 (d, 2 H, J =831 Hz), 7.03 (d, 2 H, J =879 Hz),
7.20-7.45 (m, 5 H);

BC NMR d (50 MHz, CDCly): 20.1, 276, 451, 50.1, 550, 609, 711, 716, 824, 1140,
127.6-129.6, 134.0, 139.0, 157.5, 159.3;

Anal: Cadcd. for GyH3N20s : C, 66.97, H, 7.90, N, 651. Found: C, 66.75, H, 7.52, N,
6.85.

(4R,5S,6R)-6-(Hydr oxymethyl)-6-methyl-4-phenyl-1,4,5,6 -tetr ahydr opyrimidine-5-ol
(28)

A solution of 26 (0.3 g, 0.69 mmol) in 3:1 mixture of CHZCN-HO (10 ml) was
dirred in the presence of CAN (1.14g, 209 mmol) a -5 °C for 1 h, diluted with water,
extracted with EtOAc. The combined organic extract was washed with ag. 5 % NaHCG;,
ag. 10 % Na&SOg3, brine, dried (NaSO,4), concentrated to give amine (0.2 g) which was

treated with TFA (4 ml) in CH.CL (10 ml) a room temperature for 2 h. To the reaction
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mixture was added CH(OMe); (20 ml) and conc. HCl (0.5 ml) and refluxed for 4 h, then
coded to 0 °C, neutralized with NaHCOs, extracted with CH,Cl,. The combined organic
extract was washed with brine, dried (NaSO,4), concentrated and purified on dlica gd
using ethyl acetate- light petroleum (1:1) as euent to afford 28 (95 mg, 62 %).
[a] p = +16.4° (c 1.3, CHCl3);
'H NMR d (200 MHz, CDCI3): 0.77 (s, 3H), 3.95 (ABg, 2 H, J=7.82 Hz), 435 (d, 1 H,
J=390Hz),4.77 (d, 1 H, J=7.85Hz), 7.20-7.45 (m, 5 H), 81 (s, 1 H);
BC NMR d (50 MHz, CDCl2): 19.8,47.8,535, 625, 68.1, 128.6 1290, 1340, 160.2;
Anal: Calcd. for CpHisN202: C, 6545, H, 7.27, N, 12.72. Found: C, 6585, H, 7.52, N,
1241
(4aR,8R,8a5)-2,2,4a-Trimethyl-8-phenyl-4a,5,8,8atetr ahydro-4H -[ 1,3] dioxino[ 5,4-d]
pyrimidine (29)

A solution of 28 (80 mg, 0.36 mmoal), 2,2-dimethoxypropane (0.12 mi, 0.90
mmol) and pTSA (cat) in acetone (5 ml) was dirred a room temperaiure for 12 h,
neutrdized with EtN and concentrated. The resdua syrup was dissolved in CHCls,
washed with brine, dried (Na&SO4), concentrated and purified on dlica gd usng ethyl
acdtae-light petroleum (1.4) as duent to afford 29 (80 mg, 85 %).
[a] p=+17.6° (c 1.1, CHCl);
'H NMR d (200 MHz, CDCl3): 0.85 (s, 3 H), 1.43 (s 3 H), 1.55 (s, 3 H), 3.85 (ABq, 2 H,
J=781Hz),445(d, 1 H, J=385Hz),467(d 1H, J=7. 74 Hz), 7.11-745 (m, 5 H),
820 (s 1H);
BC NMR d (50 MHz, CDCls): 206, 268, 27.0, 483, 529, 630, 720, 1093, 1287,
129.1, 134.3, 158.4;
Anal: Cacd. for GsHxN202: C, 69.23, H, 7.69, N, 10.76. Found: C, 69.55, H, 7.2, N,

1041.
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(2R,3S,4R)-2,4-Bis(tert-butoxycar bonylamino)-2-methyl-4-phenylbutane-1,3-diol (31)
A solution of 26 (1.5 g, 348 mmol) in 3:1 mixture of CHZCN-HO (40 ml) was
dirred in the presence of CAN (5. 73g, 10.46 mmol) a —5 °C for 1 h, then diluted with
water, extracted with EtOAc. The combined organic extract was washed with ag. 5 %
NaHCOs;, ag. 10 % NaSOs brine, dried (NaSO,4), concentrated to give amine (1.1g)
which was treated with (Boc),O (1.52 g, 6.97 mmol) in the presence of EtsN (1 ml, 6.97
mmol) in THF (15 ml) a room temperature for 12 h. Solvent was concentrated and the
resdue teken in ethyl acetate, washed with bring dried (N&SOy), concentrated and
purified on dlica gd udng ethyl acetatelight petroleum (1:2) as duent to give 31 (1.21 g,
85 %).
[a] p=+8.9°(c 1.4, CHCb);
'H NMR d (200 MHz, CDCly): 0.72 (s 3 H), 128 (s 9 H), 150 (5 9 H), 388 (q, 2 H, J=
11.72 Hz), 475 (d, 1 H, J= 3.42 Hz), 508 (d, 1 H, J = 7.32 Hz), 7.30-7.38 (m, 5 H);
BC NMR d (50 MHz, CDCly: 201, 276, 30.1, 45.0, 55.0, 60.9, 716, 85.7, 86.0, 127.6
1296,134.0, 1575, 159.2;
Anal: Cdcd. for CxH34N0e C, 6146, H, 829, N, 6.82. Found: C, 6195, H, 7.87, N,
641
(2R,3S,4R)-1,3-Di-O-acetyl -2-methyl -2,4-bi stert-butoxycar bonylamino)-4-phenyl
butane-1,3-diol (32)
A solution of 31 (1.0 g, 243 mmol), AcO (0.9 ml, 9.75 mmoal) and EtsN (2.0 ml,
14.63 mmoal) in CH.Cl, (10 ml) was dtirred in the presence of DMAP (50 mg) a room
temperature for 8 h. The reaction mixture was diluted with CH.Cl,, washed with water,
brine, dried (Na&SOs), concentrated and purified on dlica gd usng ehyl acetate-light
petroleum (1:4) as duent to give 32 (1.07 g, 89 %).

[a] p=+19.2° (c 1.7, CHCly);
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'H NMR d (200 MHz, CDCly: 1.02 (s, 3 H), 1.25 (s, 9 H), 147 (s, 9 H), 1.93 (s, 3H),
205 (s 3H),420(d, 1 H, J =1172 Hz), 445 (d, 1 H, J = 1221 HZ), 508 (d, 1 H, J=
7.83Hz),5.33(d, 1 H, J =391 Hz), 7.20-7.40 (m, 5 H);

BC NMR d (50 MHz, CDCly: 130, 200, 289, 315, 480, 561, 629, 665, 799,
80.8126.7-1290, 137.7, 1531, 1539, 169.1, 170.0;

Anal: Cdcd. for CxsHasN0g C, 60.72, H, 7.69, N, 566. Found: C, 60.56, H, 7.52, N,
541

Methyl (2S,3S,4R)-2,4-Bis(tert-butoxycar bonylamino)-3,5-bis(acetoxy) -4-methyl-
pentanoate (34)

A mixture of 32 (1.0g, 202 mmal), NalO4 (4.34 g, 20.2 mmol) and RuClz.H20 (10
mg, 0.04 mmoal) in CH3CN (10 ml), CCl; (20 ml) and H>O (15 ml) was stirred at room
temperature for 12 h. The reaction mixture was then cooled to 0 °C, diluted with ether
and the organic phase separated. The agueous phase was extracted with ether and the
combined ether layer washed with brine, dried (NaSO,), concentrated to give a resdue
which was treated with excess CHyN, in ether (30 ml) a& 0 °C for 30 min. then
concentrated and purified on slica gd usng ehyl acetae-light petroleum (1:2) as duent
togive 34 (0.6 g, 63 %).

[a] p = +235° (¢ 1.1, CHCly);

'H NMR d (200 MHz, CDCl3): 1.05 (s 3 H), 1.27 (s 9 H), 1.49 (s, 9 H), 1.91 (s, 3 H),
205(s 3H),385(s 3H), 423 (d, 1 H, J =1176 Hz), 446 (d, 1 H, J = 12.32 Hz), 4.78
(d 1H, J=7.85Hz),532(d, 1H, J=386 Hz);

BC NMR d (50 MHz, CDCl): 138, 20.3, 288, 329, 460, 509, 622, 665, 689, 79.6,
81.0,153.8, 154.5, 169.2, 169.6, 170.2,

Anal: Cacd. for GiH3N-O1: C, 5294, H, 7.56, N, 5.88. Found: C, 52.66, H, 7.42, N,

561



N-[(3R,4S,5S)-5-(tert-But oxycar bonylamino)-4-hydr oxy-3-methyl-6-oxo-(2H-3,4,5-
dihydropyran-3-yl)](tert-butoxy)car boxamide (35)

A solution of 34 (0.5 g, 1.05 mmoal) in methanol (10 ml) was treated with K;COs3
(058 g, 420 mmol) a room temperature for 8 h. The reaction mixture was de-ionized by
the addition of Amberlite IR 120 (H™) resin (pH 6), filtered, concentrated and purified on
dlicagd with light petroleum-EtOAC (1:3) as duent to give 35 (0.29 g, 78%).
[a] b =+32.1° (c 1.2, CHCl3);
'H NMR d (200 MHz, CDClg): 0.72 (s, 3 H), 1.26 (5 9 H), 1.50 (s, 9 H), 233 (br s, 1 H),
387(q,2H, J=11.72 Hz), 439 (d, 1 H, J = 7.23 Hz), 476 (d, 1 H, J = 341 Hz);
BC NMR d (50 MHz, CDCl3g): 151, 27.3, 301, 455, 534, 629, 664, 79.9, 811, 15456,
1554,172.2,
Anal: Cdcd. for CHosNO7 C, 53.33, H, 7.77, N, 7.78. Found: C, 53.66, H, 7.42, N,
76L
M ethyl(4S,5S,6R)-5-Hydr oxy-6-(hydr oxymethyl)-6-methyl-1,4,5,6-tetr ahydr opyrimi-
dine-4-carboxylate (37)

A <ution of 35 (0.25 g, 069 mmol) and TFA (5 ml) in CH2Cl> (20 ml) was
dirred a room temperature for 2 h. To the reaction mixture was added CH(OMe)3 (30 ml)
and conc. HCI (05 ml) and heasted to reflux. After 4 h, the reaction mixture was

concentrated and the residue diluted with ethyl acetate and extracted with 2 N HCl. The

combined agqueous layer was concentrated to afford a resdue which was trested with
excess CH,N; in ether (20 ml) a& 0 °C. After 30 min,, it was concentrated and purified on
slicagd usng ethyl acetate-light petroleum (3:1) as duent to afford 37 (0.1 g, 77 %).

[a] o = +44.1° (c 1.6, CHCI3);
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'H NMR d (200 MHz, CDCly: 108 (s, 3 H), 378 (s, 3 H), 422 (d, 1 H, J=11.71 H2),
446 (d, 1 H, J=1221 Hz), 458 (d, 1 H, J =343 Hz), 480 (d, 1L H, J=7.81 Hz), 808 (s
1 H);
BC NMR d (50 MHz, CDCly): 19.9,48.1, 536, 57.5, 62.7, 684, 160.1, 168.2;
Anal: Cdcd. for CH1aN2O4: C, 4752, H, 6.93, N, 13.86. Found: C, 47.84, H, 7.32, N,
1357.
9-epi-Manzacidin B methyl ester (14)

To a solution of 37 (0.1 g, 049 mmol) in DMF (2 ml) was added NaH (65 mg,
163 mmoal, 60% disperson in oil) & room temperaiure and dirred for 15 min. To the
mixture was added 1-(4-bromopyrrol-2-yl)-2,2 2-trichloroethan+-1-one  (38) (016 g, 054
mmol) and continued the dirring for 4 h, quenched with 2 N HCl, concentrated and
purified on dlicagd using ethyl acetate-methanol (5:1) asduent to give14 (0.1 g, 58 %).
[@] b = +56.5° (¢ 0.92, MeOH);
H NMR d (200 MHz, acetone-dg): 1.27 (s, 3H), 383 (s, 3 H), 417 (d, 1 H, J=11.72
Hz), 439 (d, 1 H, J = 1223 Hz), 458 (d, 1 H, J = 3.41 Hz), 481 (d, 1 H, J = 7.83 H2),
6.79(d, 1H, J=192Hz), 701 (d, 1 H, J=1.92 Hz), 807 (s, 1L H);
BC NMR d (50 MHz, acetone-dg): 198, 46.6, 520, 564, 62.7, 66.9, 98.7, 1175, 1221,
126.0,156.1, 161.9, 171.7;
Anal: Cacd. for G3HBrNsOs: C, 41.71, H, 427, N, 11.23. Found: C, 4194, H, 4.62, N,

11.54.
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