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ABBREVIATIONS

Ac - Acetyl

AcOH - Acdticacid

Ac,O - Acetic anhydride

BnBr - Benzyl bromide

(Boo)20 - Di-tert-butyldicarbonae
CuCN - Cuprous cyanide

DBU - 1.8-Diazobicydo[5.4.0]undec-7-ene
DCC - Dicydohexyl carbodiimide
DCM - Dichloromethene

DEAD - Diethyl azodicarboxylae
DIPEA - Di-isopropylethylamine
DMAP - N,N’ -Dimethylaminoformamid
DMSO - Dimethyl sulfoxide

EtOH - Ethanol

EtOAC - Ethyl acetate

HMDS - Hexamethyldislazane

IBX - lodoxybenzoic add

Im - Imidezole

MeOH - Methanol

Mel - Methyl iodid

MEM-C - Methoxyethoxymethyl chloride
NaH - Sodium hydride

Py - Pyridine

PhSOH - Benzenesulpinic acid

TEA - Triethyl Amine

TBDMS-C - tert-Butyldimethyl Chloroslane
TPP - Triphenyl Phosphine

pTSA - par a-Toluenesulfonic acid
TrCl - Trityl Chloride

TsCl - p-Toluene Sulfonyl chloride

ZnBr, - Zinc bromide



GENERAL REMARKS

Mdting points were recorded on Buchi 535 mdting point gopaaus and ae
uncorrected.

Opticd rotations were measured with a JASCO DIP 370 digitd polarimeter.

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

Proton magnetic resonance spectra were recorded on Varian FT-200 MHZ (Gemini),
AC-200 MHz, MSL-300 MHz, Bruke-500 MHz and Vaian Unity-400 MHz
gpectrometer usng tetramethyl slane (TMS) as an internd dandard.  Chemicd  shifts
have been expressed in ppm units downfidd from TMS,

13 C Nudear magnetic spectra were recorded on Varian FT-50 MHz (Gemini), AG50
MHz, M3L-75 MHz spectrometer.

Mass spectra were recorded on a CEC-21-110B, Finnigan Ma 1210 or MICRO MASS
7070 spectrometer at 70 €V usng a direct inlet sysem. FABMS were recorded on a VG
autospec mass spectrometer a 70 eV using adirect inlet system.

All reactions are monitored by Thin Layer chromatography (TLC) caried out on 0.25
mm E-Meck dlica gd plaes (60F-254) with UV, |, and Molisch’'s resgent or
Anisadehyde reagent in ethanal as development reagents.

All evaporation were caried out under reduced pressure on Buchi rotary evaporator
below 50 °C.

All solvents and reagents were purified and dried by according to procedures given in
Vogd's Text Book of Practical Organic Chemidlry.

Slica gd (60-120) used for column chromatography was purchesed from ACME
Chemica Company, Bombay, India
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ABSTRACT

The thess entitted "Synthetic dudies toward CMI-977, Scyphodatin, (R)-(-)-
Phenylephrine and Herbicidin® is divided into three chepters. The firs chepter concerns the
syntheses of some novel anti-asthmatic agents. The first chapter is further divided into three
sections. The firgt section deds with the synthesis of a new potent anti-asthmatic agent (CMI-
977). The second and third sections, comprises the synthess of sx and seven (cis and trans
isomers) membered andogues of CMI-977 repectivey. The synthetic efforts toward the
advanced template of scyphodtatin has been described in chepter 2. Findly the third chapter
describes a practicd synthess of (R)-phenylephrine hydrochloride using hydrolytic  kinetic
reslution of a dyrene oxide derivaive (Section 1) and furan precursor of herbicidin (Section
).

CHAPTER-1
Section-I:  Synthess  of  (2S5S)-5-(4fluorophenoxymethyl)-2-(1-N-hydr oxyur eidyl-3-
butyn-4-yl)tetrahydrofuran (CM1-977). A new potent anti-asthmatic agent.

The role of leukatrienes in inflanmaory and dlergic responses induding  arthritis
asthma, psorieds, and thrombotic dissase has been wdl recognized. The daming rise of
aghma conditutes the bigges mystery in modern hedth care & the beginning of this century
and the exact reasons dHill evade the ressarchers despite the advances in molecular biology
and aghma chemotherapy. This urge to devdop antagoniss or inhibitors of leukotriene
biosynthess to prevent inflammatory responses. CMI-977 (1) has been reported with
lipoxygenese  inhibitory activity and is beng curently devdoped by  Millenium
Pharmaceuticals, USA, as a promising candidate for chronic ashma

RGN N)k
N NH,
CMI-977 (1) OH

The compound CMI-977 (1) hes a interesting diversdy subgtituted tetrahydrofuran
ring with trans juxtgpodtion of functiondities. The inadequecies of the flexible and practicd
routes for the synthess of these type of compounds prompted us to evauate dternate, nove
methodologies invalving the olefin metathess of vinyl ehers and a Sereosdective dkylation
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of 2-benzenesulphoyl derivative. Additiondly, it wes expected that the method would be
amenable to higher andogues of CMI-977.

Scheme 1
K,CO3, CH;COCHj, (0]
F OH + o) > F 0
Cl reflux, 16h

(R,R)-salen-Co(111)-OAc \)\ \/E
0.55 equiv. HO

0°C-rt, 5h

(RR)-A

Our gynthetic endeavour began with gpplication of Jacobsen's  hydrolytic  kinetic
resolution of racemic 4-fluorophenyl glycdyl ether. O-dkylation of 4-fluorophenol  with
racemic epichlorohydrin (2 in anhydrous acetone in the presence of KsCOjz provided racemic
4-fluorophenyl glyadyl ether (3) as a colourless liquid in 98% yidd, which was subjected to
hydrolytic kingtic resolution with 0.5 ma % of (R, R)-(sden)Co(lI)OAc catdyst (A) and
055 eguivdent of didilled water aforded the requiste (S)-4-fluorophenyl glyddyl ether (4)
in 45% vyidd with 92% ee dong with the (R)-1-(4fluorophenyl)glycerd (5) in 49% yidd
with 97 % ee (Scheme 1).

[Scheme? ]

\)\o _CH,=CHMgBr_ \)/\ Hg(OCOCF3),
CuCN THF "OH ethylvmyl ether

0°C, 1.5h rt, 12h
4
\)/\ 5 mol% Grubbs' cat. \/Q
F @) iy > F
< > 0" "PhH, reflux, 20h < > 1o
7 8

Subsegent  reection of 4 with vinylmagnesum bromide in presence of CuCN in dry
THF provided compound 6 in 78% yidd. The converson of free OH group into the vinyl
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ether 7 was accomplished by trestment of 6 with ethyl vinyl ether and Hg(OCOCF3), . The
ring-closng metathesis of 7 in presence of 5 mol% of Grubbs catdys in refluxing benzene
for 20 h gave the dihydrofuran derivative 8 in 52% yield (Scheme 2).

(Scheme 3]

F o — > F

N CH,Cl,, tt, 2h 107 s0,pn

8 9
Mg, iPrBr, THF FOO pTSA/MeOH
—_— > —_— >
=—_OTHP AR
OTHP
10

ZnBrzooc—rt, 6h

O Crystallisation(twice) _ OO
\/D\A (ether-hexane) \/HQE'\/\OH
12

The gpproach to incorporate 4-N-hydroxyureidytl-butynyl sde chan of CMI-977
was based on Ley's dkylation of 2-benzenesulphonyltetrahydrofuran. For this endeavour,
compound 8 was trested with benzenesulphinic acid in CH,Cl; to give sulphone derivaive 9
in 81% vyidd. Subsequent C-C bond formation at G2 was carried out by treating compound 9
with didkyl zinc resgent derived from BrMg-C° C-CHCH,OTHP and ZnBr, folowed by
deprotection with pTSA in methanol to give a 7.3 mixture of (2S 59 and (2R, 59
disstereomers  (Scheme 3). The reguired trans (2S55)-5(4fluorophenoxymethyl) -2-(1-
hydroxy-3-butyn-4-yl)tetrahydrofuran  (12) was isolated in 50% vyidd with high enantiomeric
purity after crygdlization from ether-light petroleum.

Scheme4

13, PPhy, DEAD_
: TTHF L an - 7
H H VI\I)I\OPh
O\"/OPh
_ NHyMeOH__
Tman O \/‘Q‘\/\

(0]
CMI-977 (1)

The introduction of N-hydroxyurea derivaive was caried out by the Mitsunobu
reection of 12 with NO-bigphenoxycarbonyl)hydroxylamine (13) to give (2S 55-5(4
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fluorophenoxylmethyl)-2-( 1-N,O-his-(phenoxycarbonyl)hydraxylamino- 3-butyn-4-yl )tetrahy-

drofuran  (14) (Scheme 4). Treatment of compound 10 with methanolic ammonia smultane-
oudy cleared the benzoate ester and converted urethane into urea thus affording the target
molecule CMI-977 (1).

Section-11:  Synthess of  (2S,6S)-6-(4fluorophenoxymethyl)-2-(1-N-hydroxyureidyl-3-
butyn-4-yl)tetrahydropyran (22).

Ingoired by an efficient gpproach to 25-disubdituted tetrahydrofuran as described in
Sectionl, we sought to explore the verstility of this gpproach in the preparation of o far
unknown sSx membeared 26-disubdtituted tetrahydropyran  andogue 22 of CMI-997 (1).
Avalablity of 22 and its bidlogicd profile is useful to evduae the influence of ring Sze on
the biologicd activity of these anti-asthmatic compounds.

Our synthetic endeavour began from (S)-4-fluorophenyl glycidyl ether (4), which was
converted into the diene derivetive 16 by firg reacting with dlylmegnesumbromide in the
presence of CuCN to open the expoxide group followed by O-vinylaion with ehyl vinyl
ether/Hg(OCOCF3),. The ring cloang metathess with Grubbs catdyst (Scheme 5) gave the
dihydropyran derivative 17, which was subssquently converted into  2-benzenesulphonyl
tetrahydropyran derivative 18,

(Sehemes]

7
CuCN, EbO "OH
4 15

o ethyl vinyl ether -
0°G 1.5h rt, 12h

H

\)/\/ 5mol% Grubbs' cat. O\/Q
F O 3 A >
<:> Lo PhH, reflux, 20h <:>

16 17

The nudeophilic displacement of the aulfone 18 with 4tetrahydropyranyloxy-1-
butynylmagnesum bromide in the presence of anhydrous ZnBr, in dry THF provided the GC
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coupled derivative followed by deprotection of THP group gave trans (2S56S9)-6-(4
fluorophenoxymethyl) -2-(1-hydroxy-3-butyn-4-ytetrahydropyran (200 as a dngle diastereo-
meric product (Scheme 6). The formation of a sngle isomer during the C-C bond formaion
with  tetrahydropyransulphonyl  derivetive 18 compared to the tetrahydrofuran precursor 9
(with 7:3 sHectivity) was indeed gratifying and this observation is dtributed to the anomeric
effect forming the axid bond formation. The dl trans stereochemicad assgnment was proved
by the extensive NOE sudies carried out on this intermediate.

Scheme 6
O\/@ PhSOZH \/Ej'k Mg’ iPrBr‘ blai
_—
CH CI2 rt, 2h 0] SO,Ph  —

=—_OTMHP
ZnBr,0°C-rt, 6h

Q \/Ej\/\ S @ \p\/\
OTHP

The introduction of N-hydroxy urea was essentidly caried out by the approach
reported above for CMI-977 to give the target molecule (2S, 6S)-6-(4fluorophenoxymethyl)-
2-(1-N-hydroxyureidyt 3-butyn-4-yl)tetrahydropyran (20) as shown in (scheme 7).

Scheme
13,PPhy DEAD
THF, 1, T TRt ¢ © o= X j\
HoH N” ~oph
21 o\n/oph
o
NHy/MeOH o
t, 12h @ A N)]\
A OPh
22 OH
Section-111:  Synthess of  (2S,79)-7-(4fluor ophenoxyl)-2-(1-N-hydr oxyur edyl-3-butyn-

4-yl)oxepane (32).

In continuation of our ealier enantiosdlective condruction of CMI-977 and its dSx
membered andogue, we were further intereted to build a library of compounds thet will
extend to leed discovery and dructure activity rdaionship.  Hence, our next agenda in this
seriesisto develop stereosdective synthess of saven membered andogue of CMI-977 (1).
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\H, H  H N
33 OH

Our gynthetic endeavour began from (S)-4-fluorophenyl glycidyl ether 4 which was
converted into the diodl deivative 25 by firg reecting with CuCN-coordinated opening of 4
with  (4-benzyloxy)butyl magnesumbromide (23) fdlowed by hydrogenolyss of  benzyl
group. Sdective oxidaion of primary hydroxy group is a chdlenging task and the methods to
accomplish this is very rae. We observed that this could be easlly peformed with IBX in
DMSO to provide (6S)-7-(4-fluorophenoxy)-6-hydroxyheptanl-d (26) in 62 % yidd
(Scheme 8). The presence of adehyde proton in its 'H NMR spectrum reveded that 26
exised in open chan form.

Scheme 8 |
L |

MBI 4, 1,2-dibromoethane \)\/\/\/ Pd/C, H PdC.H,
BnO CUCN, THF, 0°CL5h < > EtOH, rt, EOH, 1t 3

23 24
§H IBX, DMSO, THF
F < > O\/k/\/\/OH \)\/\/\
rt, 0. 5h

25 26

Our next concan is to obtan cydic 2-benzenesulfonyloxepane derivaive (27). We
believed that during sulphonylation the open chain form of 26 will cdllgpse to cydic form 27.
The driving force for the reection will be the dability of benzene sulfonyloxy function.
Accordingly, when compound 26 wes trested with benzenesulfinic acid in dry CH.Cl;
provided (2RS,7S)-2-(benzenesulfonyl)-7-(4-fluorophenoxymethyl)oxepane . (270  in 81%
yidd (Scheme 9). Subssquent C-C bond formaion a C-2 was caried out by tregting
compound (27) with didkyl zinc resgent derived from BrMgC°C-CH,CH,OTHP and ZnBr,
folowed by deprotection of THP group with PTSA in methanal to give a 8.2 mixture of (2S
7S and (2R, 75 diagereomers, which were separated by dlica gd column chromatography.
(Scheme 9). The mgor compound 29 was confirmed as trans by NOE dudies in which
irrediation of H-2 proton did not show the enhancement of H-7 proton and vice versa
Wheress in the case of minor product 30the irradiation of H-2 proton shown the enhancement



Scheme 9 I
o PhSO ,H, CaCl ,
F o\/k/\/\ > FOO
CHO CH,Cly, 1, 3h SO2Ph
27

26
Mg, iPrBr, THF pTSA/MeOH
> F o) _——»
—_— o < > (@] NN rt, 2h
e H H S OTHP
ZnBr, rt, 12h
28

+ FOO

i\
29 (2S, 7R)-30

(S, 79)-
in H-7 and vice versa, indicating the presence of spacid interaction which confirms the cis
isomer. The gynthess of the target molecule was then accomplished on smilar lines as
discussed for synthesis of CMI-977 and shown in (scheme 10).

Scheme 10

13, PPh3 DEAD
F o
THF, rt, T THR, 4
H
NH3/MeOH <:>
—_—
rt, 12h

CHAPTER 2
Synthetic gudies towar ds advanced template 2 of Scyphodatin (2).

Scyphodtain (1) is a novd neutrd sphingomydinase inhibitor isolated during the
search for N-smase inhibitors from the fermentation broth of Dascysphus mollissmus SANK
—13892. N-Smase inhibitors are ussful in the regulation of ceramide levd and thus are of
immense need in the thergoy of autoimmune diseeses and inflammation. This naturd product
is endower with unprecedented dructurd features specidly, a cyclohexenone epoxide moiety
in which the tetiary chird center a C4 is linked to an n-propyl amino dcohol under lipophilic
sde chain. The synthetic chemistry was undertaken in lieu of its potent biologicd activity and

Tiny

OPh
OPh

o={ Yo

novel gructure, which lead to redise the advanced congenor of this target. Under the thematic
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drategy carbohydrate to carbocycle, we envisoned to arive a the target with ingdlaion of
the stereochemica fegtures at the gppropriate positions through the string of manipulations.

1 16

D-Glucose (3) was chosen as dating materid for the current exploration, which was
trapped in furanose form as 1,2;56-di-O-cydohexylidene-a-D-glucofurancsde (4) by known
procedure. The free hydroxyl group a C-3 of compound 4 was protected as benzyl ether
derivaive, which on tregting with MeOH/H,SO, at -50°C for 3 h was resulted in a, b (1:2)
mixture of methyl-56-O-cydohexylidene-a -D-glucofuranoside. Separation of anomers and

(Scheme 1]

OH
_O ~
HO o ~ o OMe

HO 0 Cyclohexanon 1) NaH, BnBr

? oH o EEEE—— OBnN
HO Conc.H,S04 2) Conc.H,SO,
OH MeOH OH
3 4 5
OH
o OMe
1) IBX, DMSO ‘e HCl, EtOH HO OH
n _— - 5
2) CH ,=CHCH ,Mg OH reflux, 60h BnO
(O]=:
6 | 7 5

subsequent oxidation of b-isomer 5 with iodoxy benzoic acid gave 2-ulose derivative. The
diestereosdective addition of dlyl Grignad resgent generated the product with required
tertiary center 6 (Scheme 1), which was confirmed by extensve NOE gudies Compound 6
on kinetic equilibration with refluxing ethandlic HCl provided the pyranose derivaive 7.
Sdective primary tritylation, benzylation of 24-diol, followed by detritylation under acidic
condition provided compound 8. Conversons of acohol to iodo group with PrP-l1>-Imidazole
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in reflux toluene, dhapless dihydroxylation with Admix-a followed by isopropylidene
protection of resulted diol affording compound 9. Exposure of compound 9 to activated Zn in
iPrOH : HO (9:1) a 80 °C for 30 min provided the dkend derivative, which on subjected to
vinyl Grignard reaction, afforded the diene 10 (Scheme 2). which was submitted to ring
cdosng metathess with 5 mol % of Grubbs cadys followed by dlylic oxidation with MnO,
imparted the cyclohexenone 2 which caries the thumb impresson of the target molecule 1.
Further studies are underway to achieve the total synthesis of scyphodtatin.

(Scheme 2)

OH OH
1) TrCl, Et 3N 1) PPh 5, Im, |
OH 3 3 2
HB(?IO —0 2) NaH, BnBr B%OI’O O_Bg 2) ADmix-alpa
_—
3) HCI, EtOH 3) DMP, CH ,Cl»
OEt OEt
7 8

1) Zn
_—
2) CH ,=CHMgBr

1) 5% Grubbs Cat.
_—

2) MnO 2, CH 2Cl»

CHAPTER-II
Section-l: Hydrolytic kinetic resolution of a syrene oxide derivative A practical
synthesis of optically pure (R)-(-)phenylephrine hydrochloride

OH el

N\

H Me

OH
(R-1
Recently, Jacobsen et al reported hydrolytic kinetic resolution of termind  epoxides
usng readily accessible chird (RR)-cobdt sden complex (A). This process is advantageous
in many agpects like no solvent reguirement and low loading of a recydable cadyd. It
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afords highly vaduable termind epoxides and 1.2-dids in good yidd and high enantiomeric
enrichment.

CHO 0
1) MEM-C|, DIPEA (R R)-A (8 mol%),
2) (CH3);S(0)I

OMEM OMEM OMEM

The growing awareness of chirdity in the context of biologicd activity haes led to the
discovery of many new asymmelric reactions in order to produce drugs and drug
intermediates in enantiomericdly pure forms Catdytic asymmetric reactions have digtinct
advatages over doichomeric versons for economic and environmenta ressons. Due to
growing concern about chird drugs being s0ld as racemaes, many pharmaceutical indudries
ae switching over to producing enantiomeric pure forms of the chird drug. Snce its
discovery, phenylephrine  hydrochloride, a potent adrenergic agent and  b-receptor
sympathomimetic drug has been marketed in the opticd (R)-form. This chapter describes a
practicd synthess of (R-phenylephrine hydrochloride (1) usng hydrolytic kinetic resolution
of astyrene oxide derivative.

Scheme 2||
OH OMTPA
- OH OTBS ; OTBS
TBSMS-CI (R)-MTPA acid
Imidazole, CH ,Cl, DCC, DMAP
OMEM OMEM OMEM
5 7
OH OMTPA
NHMe N(BOC)Me N(BOC)Me
(BOC) ,0, Et 3N (R)-MTPA acid
CH,Cl, DCC, DMAP
OMEM OMEM OMEM

8 10

Our gynthetic endeavour initiatled from m-hydroxybenzadehyde (2), which was
protected as the methoxyethoxymethyl ether derivative followed by trestment with trimethyl
ulfoxonium iodide in the presence of NaH/DMSO a ambient temperaiure for 30 min.
yidded the racemic epoxide 3 (Scheme 1). The epoxide 3 was resolved by hydrolytic kinetic
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resolution (sden)CO(I11)OAc (A) (0.8 mol%) and water (0.55 equiv) a room temperature for
60 h to afford (R-styrene oxide (4) in 45% yidd and (S-did 5 (yield 45%, 95% e€).

The 95% enantiomeric excess of the diol 5 was determined by 'H and F NMR
goectrd dudies of the corresponding (R)-Mosher ester derivative 7 (scheme 2). The (R-
gpoxide 4 wes treted with methylamine in methanol to provide the N-methylamino doohol
derivative 8 (yidd 90%, 97% ee). The enantiomeric excess of 8 was determined by converting
into opticdly pure (RR-N-BOC-MTPA eder 10 in two geps (scheme 2). Smilaly (*)—7
was trandormed into (RS R-N-BOC-MTPA eser 10. Compaison of *H ad MFNMR
spectra of (R, R-10 and (RS, R-10 condusivdy confirmed 97% ee for the parent compound
(R-8. Removd of the methoxyethoxymethyl (MEM) group with concomitant hydrochloride
formation occurred in one sep when Compound 8 was heated under reflux in methanolic HCl
for 1 h to give 1L The H-NMR spectrum in DO and the opticd rotation data were
comparable to the literature vaues.

Scheme 3
NHMe
_CHaNHy/ MeOH __HCI/MeOH H Ve
rt, 2h reflux 1h
OMEM OMEM

Section-| I: Synthesis of furan precursor 3 of Herbicidin.

Hebicidins and aureoneucleomycines, a group of adenine nucleosde antibiotics,
isolaed from drans of Streptomyces Saganoness are replete with potentiad  herbicidd
adtivity. They are environmentdly friendly i. e nontoxic to animds and inhibit the growth
of Xanthomonas Oryzae, the causaiory for rice leaf blight, and aso acts sdectively agangt
dicotyledonous plants These compounds explict the novd dructures  with  rich
gsereochemicd  functiondity, the core skdeton beng tricyclic furanpyranopyran gructure
of undecose. We herein report the synthesis of furan precursor 3 of herbicidin as part of the
ongoing Indo-French collaboraive program for pedicide control in our laboratories It is
candid that the THF precursor is one of the synthons derived out of antithetic andyss
involving the disconnection of glycosdic bond in  Hebicidn B conddering the
equilibration of 1 with 2



tethering and
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radical cyclisation

Accordingly, tetra-O-acetyl-D-xylofuranose 5 was chosen as our darting materid,
which was subjected to diastereosdective nudleophilic subgiitution of 6-chloropurine & the
anomeric pogtion via Lewis add promoted formetion of acetoxonium ion to give 6-Chloro-
9-(2, 3, 5-tri-O-acetyl-b-D-xylofuranosyl)purine (6). Hydrolyss of acetate provided the
triol with concomitant replacement of chloro group of purine by methoxy group under

N—_ X
1)
) A

(0] OAC 6-chloropurine (o) N
AcO OAc TMS-Cl, HMDS ACO NHslMeOH HO OH
—_—>
SnCls, CHzCN 2) DMP, pTSA
OAc reflux, 1h OAc 3) Ag,0, Mel OMe
5 4) 0.8% HoSO4
NHBn
1) TsClI, Py, rt, 6h N) )
2) DMAP, Ac,0, Py | 1) DBU
3) Nal, butanone 2) BnNH»
OMe OMe
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Zemplen's conditions and dso K, COs/ MeOH. Success was met only when exposed to
methanolic ammonia a 0°C where the required product caried the ‘chloro’ group intact in
purine. Protection of 3, 5-dihydroxy as its isopropylidene derivative with DMP and
cadytic pTSA, methylaion of 2-hydroxyl group with Md ad AgO followed by
deblocking of acetonide provided compound 7 (Scheme 5). Sdective converson of primary
hydroxy group of 7 into the corresponding bromide was achieved usng TPP and CBry in
neat pyriding a 50 °C dbet in moderate yidd (40%). Aceylaion of 3-hydroxy group
under routine conditions gave the acetate. The poor yidd in direct bromination prompted us
to deploy the two Sep procedure, i.e, Sdective primary tosylaion with tosyl chloride in
pyridine, protection of 3-hydroxy group as its acetate, followed by refluxing with sodium
iodide in 2-butanone to give the iodo product 8. Compound 8 was then subjected to
diminaion of iodide usng DBU a 80 °C in DMF and subssguent nudeophilic subdtitution
of chloro group of puring dong with concurrent hydrolyss of acetate, culminated in the
formd synthesis of furan precursor 3 of Herbicidine.



CHAPTER-1

SYNTHETIC STUDIESTOWARD CMI-977 AND ITS
ANALOGUES

SECTI ON-

STEREOSELECTIVE SYNTHES S OF (25,59-5-(4-FLUORO
PHENOXYMETHYL)-2-(1-N-HYDROXYUREIDYL -3-BUT YN-
4-YL)TETRAHYDROFURAN (CMI-977)



INTRODUCTION

Aghma is an obdructive lung disorder, it occurs when the bronchid tubes swel up
and go into a gpaam, blocking the passage of ar in and out of lungs which is characterized by
wheezing, breathlessness, chest tightness and cough. Ashma can develop a any age, but
occurs most-commonly in children. Although no country is immune, it occurs predominantly
in indugridised western countries. The severity of asthma often worsens in spring and early
summer. Although there is no cure for ashma, it is a disease that can be managed, enabling
mos people to leed active and productive life This prdiminary discusson will brief the
current tatus of the biologicd and medicind aspects of asthma (asthma chemothergpy) that
would have eventudly formed the basic tenet of our interest to develop the synthess of anti-
asthmatic compounds.

According to the etimae of World Hedth Organization, ashma affects 150 million
people worldwide, and the number of patients has doubled over the decade! Asthma has now
emerged as one of the mgor hedth threats in this century. The rapid rise of asthma congtitutes
the biggest mydery in modern medicine and the exact reasons for the increese ill evade the
researchers? Although severd factors were put forward, like diessl fud exhaudt, dlergies,
diet, smoking, vird infections, cold ar, and physcd exerdse it is now conduded tha a
combination of genetic and environmentd factors is responsible for the onset of asthma®
While some people are geneticaly predisposed while others suffer from the early-life dlergen
exposure, especidly ar-pollution, damp housng, poor ventilaion, dusly capes furry pets
cockroaches, and indoor chemicas. A combination of cold ar and physcad exerdse leads to
aghma in ahletes, esp., crosscountry skiers, swimmers, and track-and fidd runners snce
they pump, thousands of cubic meters of cold ar, during the race. On average, 10% of family
budget goes medting the treetment of asthma Even passve or second hand smoking by

parents especidly mothers increases the risk of asthma in children. Infants born of mothers
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who smoke have higher risk of developing ashma The good news is that 95% of asthma is
controllable, given proper and continuous medication.

The advances in molecular biology indicate that dlergy and asthma are not inherited
& dngle-gene disorders and do not show a smple patern of inheritance. Environmentd and
genetic factors interact in a complex fashion to produce disease susceptibility and expresson.
A cenetic predispodtion to ashma and aopy is influenced by severd factors. An increased
rik of aopy exids when the mother hersdf has a higory of dlergy. Environmenta factor
auch as infection in ealy life (by tuberculoss, hepditis A, meedes and other unidentified
pathogens for which these conditions are markers of) might reduce the risk of developing
dlergy. Other factors might increase this risk such as exposure to certain dlergens, respiratory
vird and hdminth infection and can cause increesed immunoglobulin E (IgE) sarum leves.
Once aghma is edtablished, atacks can be precipitated or exacerbated by cigarette smoke,
agrodlergens, respiratory vird infections, and air pollution.

Glucocorticogter oides, &2-adrenoreceptor agonists and theophylline:

Inhded &zadrenoreceptor agonists are the mogt effective bronchodilators, currently
prescribed for symptomatic relief in athma* The mechanism of action, i.e, causing smooth
musde reaxdion involves camp-dependent and  independent  pathways.  Inhded
olucocorticoteroides, eg., betamethasone acetate (1), dexamethasone pivaate (2), fluticasone
dipropionate (3), and cortisone (4) are manday thergpy for reducing arway inflammation in
aghma The effects of deroids are mediated largely via changes in gene transcription: steroid
binds to a cytosotic glucocorticoid receptor (GR) and the resulting dimer trandocates to the
nucleus where it interacts with a glucocorticoid response dement (GRE) to incresse or
decrease gene transcription (trans-activetion and trans-represson respectively). Activated GR

can dso interact directly with cytoplasmic transcription factors such as activaor protein 1
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(AP-1), and nuclexr factor éB (NFéB), which dter gene transcription in response to

inflammeatory imuli.

Fluticasone.dipropionate 3) Cortisone (4)

Sdbutamol  (5) is a potent &.adrenergeric receptor antagonis. & adrenergeric
receptors ae found on the smooth musde lining arways of the lungs The binding of
sdbutamol to &-adrenoceptor causes the conformationd change in tha Gprotein. A GDP
(Guanosine 5 -diphosphate) group associated with the G-protein becomes dissociated and is
then replaced with a GTP group. This is in turn causes dpha sub unit to dissociate from the G
complex. The dissociated dpha sub unit is then free to move in the membrane and has a
binding dte for the enzyme adenylyl cydase It binds to this enzyme, which cadyses the
converson of ATP (adenosne 5 -triphophate) to CAMP. The laiter activates protein kinase A
that tranders the termina phosphate group of an ATP to severd target proteins which leads to
musde rdaxation in the arways of lung. Long action of &>-adrenoreceptor agonists can be

achieved by exosite binding (eg., sdmetrol)® (7) and by dterationsin pharmacokinetics
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(eg., formoterol) (6)°  Although highly lipophilic, the extended duration of action of
sdmeterol appears due to anchoring in the vicinity of the &-adrenoreceptor via a second
binding interaction (the exoste) near the cytoplasmic face of the fourth trans membrane
domain. In addition, new deoids ae being devdoped with the am of maximizing topicd
anti-inflammatory  effects and minimizing adverse sysematic effects as exemplified by RU-
24858. Clinicd dudies have recently demondrated the bendfit of combining long-acting &.-
adrenoreceptor  agonists  with inhded deroids eg., saedide (sAmetrol and fluticasone)
combined in asngle formulation.

Theophylline (8 has a long higoric background through its ahility to bronchodilate
asthmatic subjects.  Although limited by sdeeffects profile, theophylline is effective in
reducing the symptoms and improving lung function in patients with mild chronic asthma
Theophylline is bdieved to inhibit the ezyme PDE-4 of gpedficdly cydic nudectide
phosphodiesterase, an enzyme that catdyses the hydrolysis of intracdlular second messengers
CAMP and cGMP. Nedocromil (10) and cromolyn are the drugs work in the inflammeatory
cells to prevent the rdease of higamine and other chemicds involved in arway inflammation.

They dso help in the treatment of exercise-induced asthma
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Theophylline (8) Doxophylline (9) Nedocromil (10)

Inflammatory mediator receptor antagonists

Smdl molecule receptor antagonits for a number of inflammatory mediators have
been deveoped. Traling for 0 long in the wake of other putative mediators, the cystenyl
leukotrienes have assumed a cetrd role in ashma and in drug devdopment with CysT;
receptor antagonists such as zafirlukast (19 and pranlukast (12), being the firs new trestment
for athma in 25 years” The cysteinyl LTs G, D, and B produced by resident mest cells and
by infilrating eosnophils and basophils ae implicated in  bronchid condriction and
submucosd odema of arways in ashmatics The biosynthess of LTs is initiated by activation
sgnds of Ca® influx which then activates and trandocates cytosolic phopholipase A, to the
nuclear membrane, where it catdyses the relesse of arachidonic acid from phospholipids®
Arachidonic acid is subsequently presented by an 18 kDA integrd perinuclesr protein and 5
lipoxygenese (5-LO)-activating protein (FLAP) to 5LO which is dso trandocated to the
nuclear membrane.  5LO cadysed the sequentid formation of 5HPETE and LTAs. LTAs is
then conjugaied with reduced glutathione by LTC, synthese, the only enzyme committed to
the biosynthess of LTC, Human LTC, synthese has been doned and mapped on human
chromosome 5 (5035) digtd to genes rdlevant to dlergic diseases such as IL-4 and IL-5. Cdl
activetion by cytokines modulates the dynamics of aachidonic acid pools causng the

redidribution of these faty acids



6

Cell Membrane Phospholipids
Phospholipase(s) cleave arachidonic acid from esterified
phospholipid membrane;n response to receptor rediator
intracellular influx of Ca™"

_ _ COoH

5L O inhibitors
FLAP inhibitors

AA interacts with 5-lipoxygenase activating protein (FLAP)
— 3 | S5-lipoxygenase translocates to the nuclear membrane Whe_re
— > |FLAP, AA, and 5-LO interact resulting in oxidative catalysis
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Which in turn, is largdy responsble for the amount and type of ecosanides immunologicaly
produced by inflanmatory cdls The removd of glutamae from LTC, by the enzyme ¢
glutamyltrangpeptidase  (GTP) gives the corresponding  cysteinylglycinyl-5-hydroxy  (7E, 9E,
117, 147)-eécosatetraenoic acid, leukotriene D4 (LTD,) which on further peptido hydrolyss

by the enzyme dipetidase gives leukotriene E4 (LTE,).

Montelukast (11) Pranulakast (12)

TYPES OF LIPOXYGENASE INHIBITORS

Both naurd and synthetic compounds have been reported as lipoxygenase inhibitors.
The former category encompasses compounds isolaed from both animate and inanimate
sources while the latter class is comprised of lipoxygenase subdrate and product anadogues
syntheticaly modified naturd products and nove sructures obtained by totd synthesis.
1 Natural product inhibitors

This is the lage and the mog thoroughly dudied dass of lipoxygenase inhibitors
because of the wide didribution of these compounds in nature and thus the avallability of
many sructurd analogues
) Flavonoids

S Yamamoto and coworkers’ have sudied the effect of vaious flavanoids on 5
lipoxygenase from ra basophilic leukemia cdls (RBL) and guinea pig PMNs Cirgtiol (13

and pedditin (14) were found to be the most potent.
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Crisitiol (13) Pedalitin (14)
i) Caffeic acid:

Cdffec acid (19 is the mogt potent of the naturdly occurring compounds with an 1Gso
in the micomolar range® It is interesting to note that converson of one of the phenadls of
cdfeic acid to a methyl ether to yidd ferulic acid, subgtantidly reduces the ability to inhibit

lipoxygenase. Thisindicates the possble role of catechal for lipoxygenase inhibition.

HO:O/\/COZH
HO

Caffeic acid (15)
2. Synthetic inhibitors

Three principle types of lipoxygenease inhibitors will be discussed in this section.
These ae (1) Synthetic andogues of the naturd subdrate, arachidonic acid, or the products
of the enzyme (2) Syntheticdly modified naturd products and (3) Nove synthetic
compounds.

Much of the efforts with synthetic inhibitors have been directed towards the 5
lipoxygenase pathway with a lesser amount of work amed a 12-lipoxygenese pathway. This
is principally due to the biologicad prominence of the products of the 5ipoxygenase pathway.
Synthetic inhibitors span wide range of potentia uses from possble thergpeutic agents, from
pharmeacological  tools, to mechanigic probes of lipoxygenase enzyme. Syntheticdly modified

naturd products and nove synthetic compounds are invariable attempts to find a thergpeutic
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agent, while subgrate and product andogues ae manly pharmacological tools and
mechanidtic probes. Naurdly, compounds which fal as thergpautic agents often find use as
pharmacologicd todls
Subdrate and product analogues

This dass of inhibitors comprise two types (i) those based on aachidonic acid and (i)
those basad on lipoxygenase products which are to inhibit the lipoxygenase enzyme.
Arachidonic add reated inhibitors

One of the firda compounds reported to inhibit the synthess of leukotrienes was
581114 ecosatetraynoic acid (16) (ETYA). In this compound, double bonds of arachidonic
acid were replaced by triple bonds. Also other fatty acids such as 5,6-dihydro arachidonic
acid, (56-DHA) ae time dependent irreversble inhibitors that are believed to act as suicide
substrates for 5-LO. Number of other andogues of arachidonic acid have been reported as
inhibitor of 5-LO. eg. compounds such as 17 and 18 which lack a 7-pro (5)-hydrogen ae 5
LO inhibitors  These inhibitors inective the enzyme through covaent coupling. They mimic
the shgpe of the arachidonic acid and instead of arachidonic acid, enzymes react with them

and thus the natural biosynthesisisinhibited.
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Zdirlukast (19 is a potent leukotriene receptor antagonist, which improves the
symptom, and pulmonary function, reduces the use of rescue bronchodilation medication and

reduces the likdihood of asthma exacerbation.
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Zafirlukast (19)

Cl-1004 (20) (PD-136095) is a dud inhibitor of lipoxygenase and cydooxygenase-2
(COX-2) inhibitor that is currently under development by Parke-Davis as a potentid trestment
for asthma It is recognized that an inducible form of cycloxygenase (COX-2) is upregulated
in inflammatory processes, dgnificant efforts are ongoing to identify highly sdective COX-2
inhibitors with the am to separate the beneficid actions from the dde effects of non-seroida
anti-inflammatory drugs (NSAIDs). On the other hand, leukotrienes, produced through the 5
lipoxygenese (5LO) enzyme pathway dso contribute to NSAID-induced sde effects. When
evduated agang the formaion of PGFx (a product of COX formation) and LTB, (a product
of 5L0), it was found to inhibit potentidly both 5LO (IG = 0.77 M) and COX (ICs =

039 nM)

CI-1004 (20)

PAF antagonigs
Pade attivaing factor is a phogoholipid, exhibiting potent pro-inflammatory effects.

It is produced by a number of cdls induding eodnophils basophils  neutrophils
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mecrophages, and endothdid cdls. 2 5-disubdtitutedtetrahydrofurans have been  investigated
for their role as PAF antagonigts. In generd, trans-isomers have been found to be more potent
than cis isomers. Further dructure activity studies indicaied that more potent PAF antagonists
contained an eectron-withdrawing group on one but not both aromatic rings. These festures
are incorporated in L-659, 989 (21) in which a metabolicdly stable methylsulphone serves as
the dectron withdrawing functiond unit and a trimethoxy aryl ring is appended a G. In order
to achieve increesed metabolic ectivity and pharmecokinetic profile, polar head group
modifications were invesigated from which the (2S5 59)-trans-isomer of MK-287 (22

emerged as a potent, specific and ordly active PAF receptor antagonist and chosen for dlinicd

SO Me O\Qj\/\OH

OMe
L-659,989 (21) MK-287 (22)

trail. *?

Snce both PAF and leukatriene are rdeased smultaneoudy from leukocytes and upon
cdlular ativetion, act synergidicdly in many biologicd modds, a sngle compound which
inhibits the actions of both PAF and leukotrienes may offer certain thergpeutic advantages in
terms of efficacy and pharmcokinetics over reagents which inhibits ether mediator done. The
basc knowledge that 25-diaryltetrahydrofuran class of compounds are PAF inhibitors while
hydroxy uress are potent 5-LO inhibitors, the introduction of hydroxy urea functiondity onto
cartan scaffolds carrying THF skeleton should provide the candidates with dud inhibition.

The inhibiting activity of hydroxy urea derivaive is probably due to chdation of Fe**
required for oxidative caayss in leukotriene biosynthess Recently, Cytomed Inc. hes

reported CMI-392 (23) and CMI-546 (24) as a potent dud 5LO and PAF inhibitor, which
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is currently being evdluated in human dinicd trids as a novd-inflammatory agent. CMI-392
(23) showed vey potent and bdanced activities agang both 5LO and PAF and more
potency than Zileuton in 5-LO inhibition and equally potent as MK-287 as PAF antagonist. '
Hydroxamic acd and Nthydroxyurea type inhibitors

5-Lipoxygenase enzymes contans an iron aom, therefore severd subgtrate andogues
have been prepaed tha contan an iron-chdating moiety. Hydroxamic acids are excdlent
ligands for ferric ion with high association condant. Corey was the first to report thet this

property could be used to prepare compounds, which might bind tightly to iron and produce
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competitive LO inhibitor. He reported that hydroxamic acid derivative of arachidonic acid, 25

was a potent inhibitor of rat basophilic leukocytes (RBL-1), 5LO.

25

It was suggested that a hydroxamic acid function would more closdy gpproximate the
C-5 cabinal of the 5HETE and LTD, and it would dso have potentid to chelae iron in the
active ste of 5lipoxygenaselcydooxygenase®  Therefore Wy-45911, 17 was prepared and it
inhibited 5-lipoxygenase enzyme (IGso = 1.4 nM, ra PMN) and antagonised LTDa receptor.™®
Wy-45911 was the fird hydroxamic acid possessng 5Hipoxygenase inhibitory activity which
was investigated in vivo. Compound 26 showed varigble activity, it not only inhibited action

of 5L O but dso the production of PGE2 and TXBo.
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Zileuton (27), an iron chdating subgtance was proved to be effective during dlinicd
trids of rhematoid arthritis " ashma™ and airway function diseases. Zileuton has been
agoproved in the US for prophylaxis and chronic trestment of asthma in adults Clinicd studies
of Zileuwton have demondraed modest increese in pulmonary function, improvement in

symptom scores and a reduced requirement for escgpe  bronchodilator medication. The

sgnificance of hepatic enzyme devation seen in larger dinicd trids remains to be established
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but a present hepatic enzyme monitoring is recommended. This prof ile suggests that there is

an opportunity to develop a’5-LO inhibitor, which could have an improved risk/benfit ratio.

(@]
@AN)KNHZ
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Zileuton (27)

A saies of potent sHective, ordly active inhibitors of the enzyme 5-lipoxygenase has
been invedigated which contain the N-hydroxy urea as necessary component for biologica
activity. °
Acetylene derivatives having lipoxygenase inhibitory activity:

Compounds of the dructure 28 shown below where P and Q are zero or one, but not
both the same, M represents hydrogen, a pharmaceuticdly acceptable caion or a
metabolicdly cdeavable group, B is a vdence bond or draight or branched dkylene group, R
is dkyl, cydodkyl or -NR'R® where R* and R? are hydrogen, dkyl, cydodkyl or akanoyl,
and A is optiondly subdituted carbocydic aryl, furyl, benzo [b] furyl, theeneyl, or benzo [b]
thienyl are potent inhibitors of lipoxygenase enzymes and thus inhibit the biosynthess of

|eukotrienes.
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When P is one and Q zero, the compounds bedong to a dass of hydroxamic acids.
When P is zero and Q one, the compounds comprise a dass of N-hydroxy amide and urea

compounds.
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As a conceptud working hypothess, the N-hydroxy function was conserved as the
pharmacophore for inhibitory activity, and we defined two variable components, the templae

and thelink, for structure-activity optimisation (compound of type29) as shown below. The

{ }Jk e
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Template
29

template was enwidoned as the entity providing lipophilic binding interactions The link group
via proximity to the phamacophore could modulaie inhibition and metabolian phenomena
The link group dso influenced the spatid orientation of the lipophilic template with respect to
the pharmacophore and thus could have a dramatic effect on pharmacologica properties
Optimization of the lipophilic templae leed to the discovery of R ()N [3[5[(4
fluorophenyl)methyl] - 2-thienyl]- Imethyl-2-propynyl]-N-hydroxyurea.  (30) with  more  effective
and prolonged inhibition of leukotriene biosynthess in monkey and men?*  The optimized 5-
lipoxygenase inhibitor 21 wes <dected for devdopment as an invedigaiond drug for

leukotriene-mediated disorders.

The foregoing discusson indicates the importance of lipoxygenase inhibitor  for
controlling various respiratory disesses specificdly ashma®  Thus a new agent has been
desgned consarving the N-hydroxyurea function as the pharmacophore for 5-lipoxygenese

inhibitory activity.
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Recently Cytomed Inc, USA, has invedigated (2S, 59)-trans-5-(4-fluorophenoxy
methyl)-2-(1-N-hydroxyuradyt 3-butyn-4-yl)  tetrahydrofuran  (CMI-977) for the synthetic
dudies owing to its potentid anti-asthmatic properties. It is an enantiomericadly pure, potent,
sective and ordly active inhibitor of 5-LO. In vitro, CMI-977 is a potent blocker of LTBa4
production from human whole blood (ICsp = 100 nM) and human bronchiolar condriction
(ICs=10 nM). In aimad modd, ord adminigraion of CMI-977 effectivdly blocks
ovdbumin-induced  bronchocondriction, arway  eodnophil  accumulaion  and  plasma
extravasdion in guinea pigs. In addition, ord dosng of CMI-977 blocks ovabumin-induced
arway hyper responsveness in mice.  In sheep ashma modd, ord dosng with CMI-977
blocks both ealy and late arway responses as wdl as blocking hyper responsveness
Pharmacokinetic and pharmacodynamic dudies carried out in monkeys following a sngle ord
dose of CMI-977 suggest thet it will be efficaciousin human bengs.

The firs synthesis, coincidentaly, the discovery route? was developed by choosing
(S)-(+)-hydroxymethyl-g-butyrolectone  (33) as core chird synthon. Accordingly, L-glutamic
acid (31) was converted to this intermediate (33 in two-sep procedure: Initid diazotistion to
give (9-(+)-gbutyrolactone carboxylic acd (32 followed by reaction with BH3.DMS
complex. Mitaunobu etherification with  4-fluorophendl/TPP/DIAD gave the corresponding
lactone (34). Reductive chemidry with DIBAL-H afforded the lactol (35, which was
subsequently  protected as its dlyl ether 36 with TBDMSCL. The introduction of
homopropargylic unit a C-2 postion was accomplished by initid activation of anomeric
podtion on exchange with TMSBr (Oxenium ion type intemediate), and subsequent
exposure to the carbonion of 1-tert-butyldimethylsloxy-3-butyne. This reection resulted in a
mixture of diasereomers 37 (cigtrans) in 11 raio. Deprotection of dlyl group gave the
corresponding  homopropargyl dcohol  derivaive 38 It is interesing to note tha the

diastereomers were eesly separated a this dage by smple recryddlisation teking advantage
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of the different date of the isomers (trans-isomer-solid, dsisomerliquid). The introduction
of N-hydroxyurea derivative was effected on Mitsunobu reaction of 38 with N,O-
bis(phenoxycarbonyl)hydroxylamine /TPP/ DIAD, followed by ammonolyss of the resultant

urethane derivative 39.
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CMI-977

The inadequacy of the discovery route for large scae synthess chalenged our group
(Gurjar e al) to undertake route sdection efforts amed a defining cost effective syntheses®
The carbohydrate based route presented herein demondrate the versaility of Dmannitol as an
inexpendve commodity chemicd and synthon avalable in high enantiomeric purity endowed
with C-2 axis of symmetry.

The converson of D-mannitol into  1,3;25,4,6-tri-O-methylene-D-mannitol  (40) usng

formdin and conc. HCl proceeded in high yidd. Subsequently 40 was subjected to acid
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cadyzed acetylation with Ac,O, AcOH, conc. H,SO, followed by Zamplen deecetylaion
condition to give the tetrol derivative 41 as awhite crystdline solid. Sdective protection of

hydroxyl group & C-1 and C-6 of 41 with tosyl chloride and pyridine & room temperature
folowed by 34-dio was daborated to ethoxymethylidene ether by using triethylorthoformate
and pTSA as cadys to provide 42 Nudeophilic displacement of tosyl group with 4-
fluorophenol in the presence of agueous KOH in  acetonitrile followed by orthoester
deprotection with 1% agueous HCl in THF provided 34-dio deivative 43 Oxidative

cleavage 3/4-did with K10, in MeOH-water (8:2) followed by stable two carbon Wittig
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reaction gave the a, b-unsaturated ester 45. The reduction in the presence of Pd/C in ethanol

followed by acdd cadysed cylizaion resulted in to two equivdent frame works of desred
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lactone 35. Lactone 35 was further reduced with DIBAL-H a -78° C followed by aceylation

to give 47 in quantitative yield. Subsequent trestment of 47 with TMSBr a -78 C provided
raher ungable bromide which was consequently treated with lithium sdt of homopropargyl
dcohol THP eher a same temperaure followed by deprotection of THP group resulted into
65:35 mixture of diasereomer which was cayddlised in 50% yidd of dl required trans
isomer 38 In order to introduce 1-hydroxyuriedyl moiey 38 was subjected to mitsunobu
reection condition with N,O-bs-(carbophenoxy) hydroxylamming, TPP, DEAD followed by
amminolysisto provide CMI-977.

This discovery route was plagued with severd problems tha mitigaed agang
efficent scde up and cogt effective production of the target molecule (Scheme 1). Many
reections necesstated cryogenic conditions, dlyl protecting groups were used in numerous
indances. The aom economy in the protection-deprotection sequence was not in the desired
direction. The initid Mitsunobu coupling and follow-up steps generated lot of hazardous
waste that was difficult to digpose. Above dl, the preponderant issue was that the C-C bond
formation a the anomeric centre was in totaly non-dereodirective fashion, resulting in 1.1
mixture of cis/trans isomers. Hence, the undesired formation of cisisomer by hdf after
sverd deps was a mgor concen. The carbohyrate route developed by colleague in our
laboratory was efficient to synthess the lactone 35 in multy gram scde, has only one draw
back of being multistep synthesis.

The problems encountered hitherto prompted us to underteke route-sdection efforts to
devise novd and a versatile gpproach, which can be used to synthesize andogues of CMI-977
(like aza, thia Sx, seven ec.,). Avalability of higher andogues and their biologicd profile is

useful to evaluate structure-activity relationship.
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PRESENT WORK

Aghma is a chronic inflanmatory diseese complicated by periodic acute inflammeatory
changes The rdaionship between inflammatory  conditions and  progtaglanding
thromboxanes and leukotrienes has been edablished for a long time. Leukotrienes (LT) are
metabolites of aachidonic acid and ae produced by the activity of 5-lipoxygenese (5-LO)
enzyme® This adtivity leads to the formation of the undtable intermediate LTA4 which is
conveted to the chemataxin LTB, by LTA; hydrolase and to the cysteinyl leukotriene LTC,
by LTC, synthatase. LTGC, is further converted to LTD, and ultimatdy to LTE, by enzymes
which are ubiquitous in both tissue and in drculation. Both LTB4 and the cysteinyl lekotrienes
(LTG;, LTD4 and LTE;) ae known to play dgnificat role in the induction of inflanmetion in
a vaiety of conditions incduding aghma These compounds can be found in a number of
biologicd fluids induding bronchodveolar lavege fluid (BALE) from ashmatic patients. The
physologicd effects of these leukortrienes incdude augmentation of eosinophil and neutrophil
migration. The overdl effect of the leukotrienes mimics the recognized pathophysologica
fetures of agthma, in particular, bronchia condriction, increesed arways responsveness,
increesed microvascular permesbility and  hypersecretion of mucus. Blocking the synthess or

function of leukotrienes has been shown to be of thergpeutic benefit in asthmatic patients.

RGN N)k
N NH,
CMI-977 (1) OH

CMI-977 (1) is an antrasthmatic leed drug candidate, which is undergoing humen
dinicd trids? The atractive feature is that the molecule has shown  excdllent
pharmecological profile with lesser dde effects compared to the exiging drugs for the

tretment of ashma Chemicdly, it has an interesing diversdy subdituted tetrahydrofuran



21
ring with trans juxtgpodtion of functiondities The inadequacies of the flexible and practica
routes for the synthess of these type of compounds and the driking structurd fegture,
adjuvenated by the good activity profile prompted us to evauate new synthectic method. This
method will dso address as a generd synthectic protocol for the synthess of higher (6, 7

membered) and hetero (aza., thio.) andogues.

Scheme 1

OVD\AijVDM

CMI-977 (1)

The retrosynthetic andlysis of CMI-977 (1) reveds that the key features of this
goproach will be (1) the ring dodng olefin metathess of vinyl ether, (2) a Sereosdective
dkylaion of 2-benzenesulphonyl derivative, and (3) the introduction of the hydroxyureidyl
moiety (Scheme 1). The very fird draegic disconnection should dissmbark N-hydroxyurea
moiety to provide the precursor 12. It was envisaged that the homopropargyl part should arise
from the addition to the 5-membered oxenium ion where the diagtereinduction should be
made possble through the inherent chirdity of the subdrale Accordingly, the potentiad
eectrophilic counterpart thet undergoes addition a C, podtion is subdituted dihydrofuran (8).
The next conceivable operdtion is the retro-RCM to generate the diene (7), which in tun

could be obtained by fewsteps procedure from 4-fluorophenyl glycidyl ether.
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The synthetic endeavour begins with the synthess of (S)-4-fluorophenylglycidyl ether
(4). O-Alkylaion of 4-fluorophend with (R)-epichlorohydrin in anhydrous acetone in the
presence of K,CO; as a base provided §-4-fluorophenyl glycidyl ether @) in 98 % yidd. In
soite of the high yied, the cogt of chird R)-epichlorohydrin was not amicable for the present
dudies.  Theefore dterndively, Jacobsen hydrolytic kindic resolution (HKR) of termind
epoxide would be the proper drategy. In 1997 Jacobsen group reported a powerful tool to
reolve the termind epoxide by desoribing HRK process®  Accordingly, (RR)-sden
Co(IlIOAC (A) complex with 055 eg. of H,O effect the resolution of racemic termind
epoxide proving opticdly pure epoxide and correponding opticdly active did in good

chemicd and opticd purity.

K>CO3z, CH3COCHS3 O
F OH + O > F o
Cl reflux, 16h
2 3
OH
(R,R)-salen-Co(lll)-OAc 0
. > F @] + F O
0.55 equiv. H,O OH
0°C-rt, 5h
4 5
-.|||H

(R,R)-A

The cadys (RR-sden Co(ll)OAc (A) usad in the synthess was prepared in the
laboratory in good vyields and opticd purity. Thus the rdevant dating materid (9-4-
flurophenyl glycidyl ether 4 was made available by a two-step procedure firs O-dkyldion of

4-fluorophenal  with racemic epichlorohydrin (2) gave (+)-4-fluorophenyl glycidyl ether (3) in
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98% yidd as a colourless liquid. The compound 3 was subjected to hydrolytic kinetic®®
resolution according to Jacobsen's protocol with 05 mol % of (RR-sden Co(lll)-OAc (A)
and 055 equivdent of didilled water a O °C. It was dirred & room temperaiure for 5 h to
aford the requidte (S)-4-fluorophenyl glycidyl ether @) in 45% yidd with 92% ee dong with
(R)-1-O-(4fluorophenyl)glyceral  (5) in 49% yidd with 97% ee (Scheme 2). The 'H NMR
gpectra of the epoxide (4) and didl (5) werein agreement with the assigned structures.

The EI mass spectrum of 4 showed the molecular ion pesk & nvz 168 (M*). The next
sep involving the regiosdective epoxide®® opening of 4 with vinylmagnesum bromide in the
presence of 0.1 equiv. of cuprous cyanide in dry THF provided (5)-1-(4fluorophenoxy)-
pent-4-en2-d (6) in 78% yied. The sructure 6 was ducidated by its *H NMR spectrum in
which the conspicuous abosence of pesks due to epoxy group were noted and the gppearance of
olefinic protons in the downfidd region a& 5.14 ppm (m, 1H) due to termind protons and d
584 (m, 1H) corresponding to internd olefinic proton, wheress dlylic methylene resonated at
d 2.35. The molecular ion pesk (M™) was observed a vz 196 in El mass spectrum and which
was further confirmed by dementd andysis (Cdcd. for GiHisFO2 C, 67.35; H, 6.63. Found
C, 6745; H, 6.73). The converson of the adcohol 6 into the corresponding vinyl ether ) was
accomplished by tresting with freshly didilled ehyl vinyl eher and 01 equiv. of
Hg(OCOCF3),,** followed by dirting a room temperature for 12 h (Scheme 3). In its 'H
NMR spectrum, the characteridic sSgnds due to O-vinyl group were digsinctly visble & d
404 (dd, 1H, J = 19, 6.8 Hz) [the dlfinic proton cis to internd vinylic proton], 4.34 (dd, 1H,
J = 19, 142 Hz) [the dlefinic proton trans to internd vinylic proton], 6.38 (dd, 1H, J = 6.8,
142 Hz) [the internd olefinic proton of O-vinyl group] and resonances due to rest of the
protons were in confirmity with the assgned dructure In addition, the molecular ion pesk
(M™) was observed a m/z 222 in its mass spectrum. Our next endeavour was the ring dosing

metathess of 7 which was peformed in the presence of 5 mol % of Grubbs cadyd in
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refluxing benzene for 20 h to give the dihydrofuran derivative 8 in 52% yidd** The 'H NMR
spectrum of 8 diglayed the characteridtic dihydrofuran vinylic sgnds a d 490 (m, 1H) and
6.29 as doublet respectivdy and dso two dlylic methylene protons a Cz were located a d

248 and 2.82. The peaks correspond to the rest of the protons were appeared at their expected

chemica shifts. In addition, the structure of 8 was confirmed by the *C NMR spectrum in

which the characterigtic olefinic carbon signas were located a d 145.24 and 98.85.

Scheme 3

O CH,=CHMgBr_ J\ Hg(OCOCF 3);
CuCN, THF > 'OH ethyl vinyl ether

0°C, 1.5h rt, 12h

\/(\ 5 mol% Grubbs' cat. \/D
F o) > F O
'O/\ PhH, reflux, 20h : e

8

The approach to incorporate 4-N-hydroxyureidyl-1-butynyl moiety, the dde chan of

CMI-977, was based on Ley's dkylaion® of 2-benzenesulphonyltetrahydrofuran. For this
endeavour, compound 8 was trested with benzenesulphinic acid in dry CH)C, a room
temperature for 2 h followed by work up provided the cryddline sulfone derivative 9 in 81%
yied. In the *H NMR spectrum of 9, the pesks correspond to ring proton H-2 of THF ring was
locdised as two sts of multiplets & d 4.89 and 4.94 due to the presence of diastereomer
mixture, whereas aromdtic ring protons of sulphone group gppeared as two sets of multiplets a
d 758 and 7.88. The dgnds correspond to rest of the protons were appeared a ther expected
chemicd shifts. In addition, the structure was confirmed by the high resolution mass spectrum
in which the molecular ion pesk (M") was observed at mz 3360823 (Celed. for Ci7Hi7FOsS

336.0831). Tretment of the sulfone 9 with didkyl zinc resgent, deived from BrMg-C°C-

CH2CHOTHP and ZnBr2, in anhydrous THF a O °C to room temperature for 6 h provided
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(2RS,55)-5- (4 fluorophenoxymethyl) - 2- (1- tetrahydropyranyl oxy-3-butyn-4-yl tetra hydrofuran
(10. Subsequently 10 was tregted with catdytic amount of pTSA in mehanol a room
temperature for 1 h to deprotect the THP group affording the adcohol 11 in an overdl 88%
yidd. From the 'H NMR spectrum, it was reveded tha 11 was a mixture of diastereomers.
The HPLC andyss on ODS column with methanol and waer (6:4) as an duting Solvent
sysem showed 7:3 ratio of diastereomers. The 'H NMR spectrum of 11 revedled the presence
of acetylenic dde chan and the terahydrofuran moiety. However, due to diastereomeric
mixture, a complex *H NMR paitern was observed. Crystalization of crude product twice from
eher-hexane yidded the pure trans (2559-5-(4fluorophenoxymethyl)-2-(1-hydroxy-3-butyn-
A-yl)tetrahydrofuran (12) in 50% yidd with HPLC purity ebove 96 % ee. The 'H NMR
goectrum of enantiomericdly pure 12 was amigble to fird order solitting. For example, the
methylene protons were obsarved in the region of d 188-2.24 ppm, whereas the H2 and H5
protons of tetrahydrofuran ring resonated & d 4.73 and 4.45 respectively (Scheme 4). NOE
dudies on compound 12 showed that the reative stereochemidry of the ring protons H-2 and

H-5 was trans, which was further confirmed by the Sngle crystd X-ray crystdlography. The

(Scheme 4]

F O
O CH 2CI ) rt, 2h SOZPh
Mg, iPrBr, THF pTSA
—\/OTHP MeOH, rt, 1h
OTHP

ZnBry, 0 °Cc-rt, 6h

rystalllsatlon
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optica rotation [a]p -34.2 (c 1.3, CHCl;) was comparable to the authentic product provided
by M/s. Steroids, Chicago, USA {lit.** [a] o34 (c 1, CHOl3)} .

The next sep of the synthetic planning was to introduce the N-hydroxyurea group a
the end of the acetylene dde chan with which the totd synthess of CMI-977 would
complete.  Synthess of N,O-bigcarbophenoxy)hydroxylamine 13 was achieved by the
patented procedure usng NH4OHHCI and 2 eguivdents of phenyl chloroformate®  The
Migsunobu®  reaction of N,O-his(carbophenoxy)hydroxylamine (13) with the compound 12
in the presence of TPP and diethylazodicarboxylate (DEAD) in anhydrous THF, a room
temperaure for 4 h furnished the corresponding(2S59)-5-(4fluorophenoxymethyl) -2-(1-N,O-
bi(phenoxycarbonyl)hydroxylamino-3-butyn-4-yDtetrahydrofuran (14) in 90% vyidd. In the
'H NMR spectrum, the signds correspond to 10 protons of phenoxy group (2 ~ Ph) appeared
in the region of d 7.05-7.45 as multiplet and dl other protons resonated a expected chemica
dhift values which was further confirmed by HRMS andyss which showed molecular ion
pesk (M*+ 1) a 520.1770 (Calcd. for CogHo7FNO; 520.1771).

The find gep involved the converson of urethane group (NCOOPH) into the urea (N-
CO-NHy) with concomitant ammonolyss of acyl group (OCOPh) to hydroxy group.
Treatment of 14 with saturaed methanolic ammonia a room temperaure for 12 h followed
by workup to provide the find product of CMI-977 (1) in 64 % yidd as a white cryddline
solid. Scanning eectron microscopy was employed to obsarve the morphology and  particd
dze. CMI-977 was seen as plate like very agglomerated crystds with a smooth surface
texture. The dze of the paticles ranged from 5-10 mm with a rounded shgpe Some patides
were seen to have a more angular shape. The substance is strongly cohesive in nature, Xray
powder diffraction of CMI-977 showed that the materid is highly cryddline with very

intense narrow diffraction line and no amorphous background. The dructure of 1 was adso
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confirmed by compaing with the *H NMR, C NMR, mass spectrum, optica rotation and

melting point of the authentic ssmple’®*

13 PPh 4 DEAD
THF, rt, TTHE T 4n z
H
NH3/MeOH O
rt, 12h
H O

CMI-977 (1)

Ao
nal

In conduson, we have demondrated a short and serosdective synthess of CMI-977
usng (#)-4-fluorophenyl glycddyl ether (3) as a rawv materid. The tetrahydrofuran ring was
effectivdly condructed involving the ring dosng meahess of vinyl eher  while
dereodective introduction of 1-N-hydroxyureidyl3-butyn-4-yl dde chain was achieved by C-
dkylation of 2-benzenesulphonyl derivative.

The CMI-977 (1) was tested for Leukotriene B, (LTBy) inhibition in the human whole
blood assay. Heparinized human whole blood was pre-incubated with sdlected concentrations
of tes compound for 15 minutes a 37 °C and simulated with 50 nM cacium ionophor for 30
minutes a 37 °C. The reaction was stopped by placing samples on ice and cold centrifugation
a 4 °C for 10 minutes & 1100 xg. Test sample plasma was diluted in buffer and assayed for
LTBs content. Test compound activity was determined as per Cayman LTD enzyme
immunoassay (EIA) and evduated as 1Cso [nM].

CMI-977 (1) is proven to inibit 5LO activity in human whole blood with an IG5y o
120 nM and to block anti-IgE-induced contractions of human arways tissue with an ICsp of
100 nM, beng 510 times more potent then zleution. CMI-977 provides to be a vduesble

addition to the thergpeutic armamentarium available for the management of asthma
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EXPERIMENTAL SECTION
(*)-4-Fluorophenyl glycidyl ether (3).

To a dirred solution of 4-fluorophenal (200 g, 1784 mmol) and (z)-gpichlorohydrin
(2 (660 g, 7136 mmal) in anhydrous acetone (400 mL) was added potassum carbonate
(96.0 g, 7136 mmal). The reaction mixture was hested under reflux for 16 h until complete
consumption of 4-fluorophenol. The reaction mixture was filtered off and the filtrae
concentrated in vacuo to aford a pde ydlow oil. Excess of epichlorohydrin was ditilled off.
The resdue was didilled under reduced pressure (100 °C a 4 mm/Hg) to give 3 (294 g, 98
%) asacolorless liquid.

(S)-4-Fluorophenyl glyddyl ether (4) and (R)-1-O-(4-fluorophenyl)glyceral (5).

To an oven dried 100 mL round bottom flask equipped with a ganbar, racemic 4
fluorophenyl glycidyl ether (3) (20 g, 119 mmoal), (RR)-sdenCo(lII)OAc (A) cadyst (0.396
g, 0595 mmol) were added. The reaction mixture was cooled to O °C. Didilled water (1.2
mL, 65.47 mmol) was added dropwise over a period of 1 h. The reaction mixture was irred
for 5 h, and diluted with hexane. The precipitated solid was filtered off and recryddlised from
a mixture of CHCl3 and hexane to afford 5 (10.85 g, 49 %) as a solid. The filterate was
concentrated and purified by didtillation under reduced pressure (100 °C a 4 mnvHg) to give
(S)-4-fluorophenyl glycidyl ether (4) (9 g, 45 %) asaliquid.

Compound 4

[a]p +5.27° (c 1.46, CHCly), ee: 92%.

IR (nest): 2892, 1493, 1215, 831 cmi™.

'H NMR (CDCls, 400 MH2): d 2.73 (m, 1H, H3), 288 (t, J = 45 Hz, 1H, H3), 3.30 (m, 1H,
H-2), 392 (dd, J = 6.7, 15.7 Hz, 1H, H1), 416 (dd, J = 45, 15.7 Hz, 1H, HT), 6.78-7.09 (m,

4H, Ar).
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EIMS m/z (rd. intendty): 168 (M*, 54), 125 (20), 112 (98), 9% (31), 83 (80), 75 (23), 57
(100).
HRMS (El): Calcd. for (CHgFO,, M"): 168.0586. Found: 168.0580.
Compound 5
M.P.: 58-59°C.
[a]p-9.6° (c 1.6, EtOH), ee: 97%.
IR (nest) 3200 (br), 3020, 1493, 1046, 846 o™,
'H NMR (CDCl3, 200 MHZ): d 208 (br s 1H, OH), 277 (br s 1H, OH), 364390 (m, 2H,
CH20), 393-4.16 (m, 3H, CHO, OCH), 6.73-7.03 (m, 4H, Ar).
3C NMR (CDCk, 50 MH2): d 63.6 (CHOH), 69.7 (CHOH), 704 (OCH,), 1154 (CH, Ar),
1156 (2xCH, Ar), 116.1 (CH, Ar), 1544 (F-C, Ar), 159.8 (O-C, Ar).
EIMS m/z(rel. intensity): 186 (M*, 9), 112 (100), 95 (21), 83 (34), 57 (34), 43 (21).
HRMS (El): Cdlcd. for (CgH11FOs, M¥): 186.0692. Found: 186.0693.
(29-1-(4Fluor ophenoxy)pent-4-en-2-ol (6).

To a suspenson of magnesum (163 g, 67.9 mmoal) in dry THF (20 mL) & 0 °C was
added a solution of vinyl bromide (3.6 g, 33.9 mmoal) in dry THF (15 mL). After 0.5 h, CuCN
60 mg, 068 mmad) ad (9-4flurophenyl glycidyl ether (4 (40 g, 238 mmol) were
sucessvely added. After dirring for 1 h a rt, the reaction mixture was quenched with
saturated NH4Cl solution, concentrated and the resdue partitioned between ethyl acetate and
water. The organic layer was washed with brine, dried (NaSO,) and concentrated. The crude
product was purified on slica gd column chromatography usng ethyl acetate-light petrdeum
(L1:4) to give 6 (3.64 g, 78%) as a colourless liquid.

[a]o +15.0 (c 23, CHCIy).
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'H NMR (CDCls, 200 MH2): d 235 (dt, J = 14, 7.3 Hz, 2H, GH,CH=CH,), 251 (br s, 1H,
OH), 384 (dd, J = 58, 9.3 Hz, 1H, CH,0), 392 (dd, J = 44, 93 Hz, 1H, CH,0), 40 (m, 1H,
CHOH), 5.14 (m, 2H, =CHy), 5.84 (m, 1H, CH=), 6.82 (m, 2H, Ar), 6.95 (m, 2H, Ar).
13C NMR (CDCl;, 125 MHz2): d 3754 (CH,), 69.06 (CH,0), 71.80 (CHOH), 115.28 (1 x CH,
Ar), 11534 (2 x CH, Ar), 11552 (1 x CH, Ar), 11760 (=CH,), 13361 (CH=), 154.46 (F-C,
Ar), 157.99 (O-C, Ar).
El (MS) miz (rdl. intensity): 196 (M *, 46), 137 (20), 112 (100), 95 (26).
And. Cdcd. for (C1H1FOy): C, 67.35; H, 6.63. Found: C, 67.45; H, 6.73.
(29-2-(1-Ethenoxy) - 1- (4 fluor ophenoxy)-4-pentene (7).

A mixtue of Compound 6 (36 g 184 mmol), ehyl vinyl eher (350 mL) and
Hg(OCOCF3), (0.8 g, 1.8 mmol) was dirred for 12 h a rt. The reaction was neutrdized by
addition of saurated NaHCO3; solution and concentrated. The resdue layer was extracted with
ether, dried (Na2SOs) and concentrated. The crude product was purified on glica gd column
chromatography using ethyl acetate-light petroleum (1:50) to give7 (2.85 g, 70%) as a syrup.

[a]p +3.7 (c 2.6, CHCl5).

'H NMR (CDCl;, 200 MHZ): d 249 (dt, J = 15, 7.3 Hz, 2H, CH,CH=CH,), 397 (m, 2H,
CH,0), 404 (dd, J = 1.9, 68 Hz, 1H, OCH=CH,), 4.14 (m, 1H, OCH), 434 (dd, J = 19, 142
Hz, 1H, OCH=CH,), 515 (m, 2H, =CH,), 584 (m, 1H, CH=), 638 (dd, J = 6.8, 142 Hz, 1H,
OCH=CH,), 6.84 (m, 2H, Ar), 6.95 (m, 2H, Ar).

EIM Smz (rel.intensity): 222 (M, 12), 194 (66), 125 (100), 112 (26), 95 (40).

(29-2-(4Fluor ophenoxymethyl)-2,3-dihydro-2H-furan (8).

A gution of 7 (28 g, 126 mma) and Grubbs cadys (052 g, 0.63 mmad) in
benzene (750 mL) was heated under reflux for 20 h, evgporated and the resdue was
chromatogrgphed on slica gd usng ethyl acetate-lignt petroleum (1.50) to give 8 (1.27 g, 52

%) as a syrup.



31
[a]p +95° (c 23, CHCl,).
'H NMR (CDCl3, 300 MH2): d 248 (m, 1H, H-3), 282 (m, 1H, H3), 389 (dd, J = 66, 99
Hz, 1H, CHx0), 403 (dd, J = 4.2, 99 Hz, 1H, CH0), 490 (m, 2H, H2, H4), 629 (d, J = 22
Hz, 1H, H-5), 6.81 (M, 2H, Ar), 6.95 (m, 2H, Ar).
3C NMR (CDCk, 75 MH2): d 3177 (CH,), 7068 (CH,0), 78.77 (G5), 9885 (C-3), 11558
(CH, Ar), 11579 (CH, Ar), 11588 (2 x CH, Ar), 14524 (C-2), 15501 (~C, Ar), 159.10 (O
C, Ar).
(2RS,59-2-(Benzenesulfonyl)-5-(4-fluor ophenoxymethyl)tetr ahydr ofuran (9).

To an ice cod solution of freshly prepared benzenesulfinic acid (1.1 g, 7.4 mmoal) in
dry CHCl; (10 mL), was added a solution of 8 (1.2 g, 6.2 mmdl) in dry CHCl, (10 mL). The
reection mixture was girred for 2 h, filtered through cdite and washed with CH,Cl,. The
combined organic layer was washed with agueous NaHCOs solution, brine dried (NaSOs)
and concentrated. The resdue was purified on dlica gd udng ehyl acetatelight petroleum
(L:7) to give 9(1.68 g, 81%) as white solid.

M.P.: 112-113 °C.

'H NMR (CDCl;, 200 MH2): d 1.90-295 (m, 4H, 2 x CHp), 3.86-428m, 2H, CH,0), 456
(m, U3 H, H5), 473 (m, 2/3 H, H5), 489 (m, U3 H, H-2), 494 (m, 213 H, H-2), 6.7-7.05
(m, 4H, Ar), 758 (m, 3H, Ph), 7.88 (m, 2H, Ph).

3C NMR (CDCk, 75 MHz2): d 25.72 (CH,), 26.90 (CH,), 69.95 (OCH,), 8050 (OCH, C-5),
.65 (OCH, C-2), 11551 (2 x CH, Ar), 11566 (CH, Ar), 11597 (CH, Ar), 12900 (2 x CH,
Ph), 129.18 (2 x CH, Ph), 129.27 (C, Ph), 133.84 (C, Ph), 155.01 (O-C, Ar), 159.76 (F-C, Ar).
FABMS m/z (rdl. intensity): 336 (M ™, 6), 195 (82), 167 (10), 151 (100), 125 (24).

HRMS (FAB): Calcd. for (Ci7H:7FO,S, M*): 3360831, Found: 336.0823,
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(2S5 59-5-(4 Fluor ophenoxymethyl - 2-(1-hydr oxy-3-butyn-4-yl)tetr ahydr ofuran(12).

To a olution of isopropylmagnesumbromide [prepared from 0.35 g (14.7 mmol) of
Mg and 12 g (98 mmoal) of isopropyl bromide in THF] was added 4-tetrahydropyranyloxy-1-
butyne (15 g, 98 mmoal) in anhydrous THF (5 mL). After 30 min, freshly prepared 1 M
solution of ZnBr, (59 mL, 59 mma) in THF was introduced followed by the addition of
compound 9 (1.65 g, 49 mmoal) in THF &fter 45 min. The readion was dirred for 6 h and then
quenched with saturated NH4Cl solution. THF was removed under reduced pressure and the
resdue partitioned between ethyl acetate and water. The organic layer was separated, washed
with brine dried (Na;SO;) and concentrated to give 10. The crude product was tirred with
pTSA (002 g) in MeOH (10 mL) for 1 h, neutrdized with EtsN and concentrated to provide
11. The HPLC andyds on ODS column with MeOH and H,O solvent sysem (60:40) ratio,
showed 70:30 rdio of diesereomers (RT: 6.3: 55 min). The resdue was crysdlized twice
from ether-light petroleum to yidd the pure trans-dcohd (12) (065 g, 50 %) with 96 %
HPLC purity.
M.P: 76 °C; [lit?* M.p.: 77-79°C].
[a]p -34.2° (c 1.3, CHCl3). {lit,[a]p-34° (c 1, CHCk)}
'H NMR (CDCl;, 200 MHZ): d 183 (m, 1H, CH,), 205 (m, 1H, CHy), 224 (m, 2H, CH,),
248 (t, J = 62 Hz, 2H, °-CH,), 369 (t, J = 6.2 Hz, 2H, G4,0H), 391 (d, J = 47 Hz, 2H,
OCHb), 445 (m, 1H, H-5), 4.73 (m, 1H, H-2), 6:85 (M, 2H, Ar), 694 (m, 2H, Ar).
3C NMR (CDCk, 50 MHz): d 2297 (CH,), 27.68 (CH,), 3332 (°-CH,), 60.74 (CH,OH),
68.89 (OCHy), 7064 (C5), 76.76 (C-2), 8113, 8213 (C°C), 11535 (CH, Ar), 11555 (CH,
Ar), 11580 (2 x CH, Ar), 154.80 (F-C, Ar), 15955 (O-C, Ar).
FABMS m'z (rélintensity): 264 (M*, 37), 153 (22), 132 (100), 121 (56).

HRMS (FAB): Cdcd. for (CisH17FOs, M™): 264.1161. Found: 264.1152.
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And. Cadld. for (CisH,#0s): C, 68.18; H, 6.44. Found: C, 6851; H, 6.35.
N,O-Bigphenoxycar bonyl)hydroxylamine (13).

To a dirred solution of sodium bicarbonate (21.5 g, 256.0 mmol) in water (150 mL) a
0 °C weas added hydroxylamine hydrochloride (880 g, 127.0 mmol) and the reection mixture
was dirred for 30 min & 0 °C. Phenylchloroformate (60.0 g, 383 mmol) was introduced
directly into the vigoroudy dirred mixture  Sodium bicarbonae (323 g, 3850 mmoal) in
waer (270 mL) was added to the mixture, followed by an edditiond quantity of water (30
mL) to wash the remaining sodium bicarbonate. The mixture was girred for 30 min. & 0 °C
and then for 2 h a room temperature. The resulted suspension was filtered and the filter cake
washed with water. The filter cake was collected, suspended in hexane, filtered and again
washed with hexane. The solid was then dissolved in wam ether and hexane. The solution
was cooled to room temperature to precipitate the product. The solid was collected by
filtration to give 13 (235 g, 68 %) as awhite s0lid.
'H NMR (CDCl;, 200 MHz) d 7.26 (m, 5H, OCO,Ph), 7.42 (m, 5H, COPh), 854 (bs, 1H,
NH).
EIMS m'z 273 (M").
(2S5 59-5-(4Fluor ophenoxymethyl)-2-(1-N,O-bigphenoxycar bonyl)hydr oxylamino- 3
butyn-4-yl)tetrahydrofuran (14).
To a dirred ice cooled solution of trans adcohd 12 (0.62 g, 23 mmal) in THF (10 mL) were
added triphenylphosphine (0.74g, 28 mmd) and N,O-bigphenoxycarbonyl)-hydroxylamine
(13 (064 g, 28 mmol). After 10 minutes diethylazodicarboxylate (DEAD) (049 g, 28
mmol) was added dropwise @ O °C. The reaction mixture was dlowed to warm to room
temperature, dirred for 4 h and concentrated. The residue was dissolved in ethyl acetate,
washed with water, dried (NaxSOs) and concentrated. The product was purified on slica gd

using ethyl acetate-light petroleum (1:6) to give 14 (1.1 g, 90%) as asolid.



M.P.: 85-86 °C.

[a]o —18.4 (c Q9, CHCl,).

'H NMR (CDCls, 200 MH2): d 1.76 (m, 1H, CHp), 1.95 (m, 1H, CH5), 213 (m, 2H, CHy), 2.64
(t, J = 68 Hz, 2H, °-CH,), 379 (dd, J = 20, 45 Hz, 2H, OCH,), 395 (t, J = 68 Hz, 2H,
CH2N), 433 (m, 1H, H5), 463 (M, 1H, H-2), 670-695 (m, 4H, Ar), 7.05745 (m, 10H, 2x
Ph).

HRMS (FAB): Calcd for (CogHANO;, M*+1): 520.1771. Found: 520.1770.

(2559-5-(4 Fluor ophenoxymethyl)-2-(1-N-hydr oxyur eidyl-3-butyn-4-yi)tetr ahydro-

furan (CMI-977) ().

To a dirred olution of 14 (1.0 g, 1.9 mmad) in methanol (5 mL) was added saturated
methanolic anmonia solution (10 mL) a room temperature, the reection mixture was dirred
was continued for 12 h and concentrated. The resdue was purified on glica gd column
chromatography usng ethyl acetate-light petroleum (L11) to give 1 (0.39 g, 64%) as a white
slid.

M.P.: 107-108 °C.

[a]p 47 (c 1.1, CH:OH); lit.* [a]p -47.8° (c 0.3, CDsOD).

H NMR (CDCl;, 200 MH2): d 182 (m, 1H, CH,), 201 (m, 1H, CHy), 222 (m, 2H, CHb),
254 (t, J = 79 Hz, 2H, ©-CH,), 368 (t, J = 7.9 Hz, 2H, CH,N), 391 (m, 2H, OCH,), 446 (m,
1H, H-5), 473 (m, 1H, H-2), 5.68 (br s, 2H, NH,), 6.78-7.02 (m, 4H, Ar), 895 (s, 1H, N-OH).

3C NMR (CDCk, 50 MH2): d 17.13 (CHp), 27.66 (CHo), 3328 (°-CH), 4862 (CH:N),
69.08 (OCH,), 70.36 (C5), 76.72 (G-2), 8072, 8280 (C°C), 11550 (2 x CH, Ar), 11563
(CH, Ar), 11597 (CH, Ar), 154.98 (F-C, Ar), 159.70 (O-C, Ar), 161.84 (NCONHp).

FABMS m'z (rél.intensity): 323 (M*+1, 100), 280 (11), 154 (54), 137 (42).

HRMS (FAB): Cacd. for (CigH1sFN;0, M*+1): 323.1407, Found: 323.1424.
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STEREOSELECTIVE SYNTHES S OF (2S,69-6-(4-
FLUOROPHENOXYMETHYL)-2-(1-N-HYDROXYUREIDYL -3-
BUTYN-4-YL)TETRAHYDROPYRAN (S X MEMBERED
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PRESENT WORK

Inspired by an effident gpproach to 2,5-disubdtituted tetrahydrofuran CMI-977 (1) as
described in the preceding section, we sought to explore the versatility of this gpproach in the
preparation of the so fa unknown sSx membered 26-disubgtituted tetrahydropyran andogue
22 of CMI977 (1). We envisage that avalability of 22 and its hilogicd profile is ussful to
evduate the influence of ring sSze on the biologicad activity of these anti-asthmetic

compounds.

The dx membered andogue 22 of CMI-977 was prepaed dating from (S)-4-
fluorophenyl glycddyl ether (4), which was obtaned from hydrolytic kingtic resolution of
racemic 4-fluorophenyl glycidyl ether 3as dicussed in (scheme 2).

The regiosdective opening of epoxide 4 with dlylmagnesum bromide was achieved
in the presence of cuprous cyanide in dry eher to provide (29)-1-(4-fluorophenoxy)hex5-en
2-d (15 in 80 % yidd. The converson of free hydroxy group in 15 to the vinyl ether 16 was
accomplished by trestment with ethyl vinyl ether and catdytic amount of mercuric
trifluoroacetate for 12 h in 70 % yidd. The sructure was dudidated by its *H NMR and
EIMS spectra in which the molecular ion pesk M™ was observed a Mz 236. The ring dosing
metathess of 16 in presence of 5 mol % of Grubbs catdys in refluxing benzene for 20 h
gave the dihydro-2H-pyran derivative 17 in 55 % yidd (Scheme 6). In its 'H NMR spectrum
the characterigic dihydropyran sgnds were obsarved a d 4.71 (m, 1H), 6.39 (d, 1H) ppm

while dl other protons resonated a expected chemicd shifts Formation of product 17 was
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further confirmed by *3C NMR & wel as EIMS spectra in which the molecular ion pesk M*

was observed at mz 208,
[Seheme

Z
||O CHZZCHCWMgBr Hg(OCOCF3)2
= 0] S > F @) ",
CuCN, EO OH
4 15

Y

ethyl vinyl ether
0°C 1.5h rt, 12h

H

J\/ 5 mol% Grubbs' cat. O\ﬂ
F@O Ko PhH, reflux, 20n FO o
16 17

The compound 17 was converted into 2-benzenesulphonyltetrahydropyran derivaive
18 with benzenesulphinic acid in dry CHCl, a room temperaiure for 2 h in 82 % yidd.
Subsequent C-C bond formation a C-2 was caried out by tresting sulphone derivative 18
with  4-tetrahydropyranyloxy-1-butynylmegnesum  bromide in the presence of anhydrous zinc
bromide in dry THF a 0 °C to room temperaiure for 3 h followed by deprotection of THP
with  pTSA in  mehand gave trans-(2S6S)-6-(4fluorophenoxymethyl) -2-(1-hydroxy-3-
butyn-4-yl)tetrahydropyran (20) as a single diastereomeric product in 84 % overd! yidd after
two deps The formaion of a gngle isomer during the C-C bond formation with
tetrahydropyransulphonyl  derivative 18 compared to the tetrahydrofuran precursor 8 (7:3
sectivity) was indeed gratifying and this observation is dtributed to the anomeric effect
forming the axid bond formaion.®** In the 'H NMR spectrum, the resonance due to
acetylenic dde chain and the tetrahydropyran moiety were observed. In addition, the Sructure
was confirmed by *C-NMR, EIMS and eementa andyss (Cdcd. for CigHioFOs: C, 69.06;
H, 6.83. Found C, 6898, H, 7.05). The dl trans stereochemicd assgnment was provided by

the extendve NOE studies carried out on this intermediate.
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Scheme 7
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The next dep was to introduce N-hydroxy urea group a the end of acetylenic sSde
chain, which was described in sectionl of this chapter. The Mitsunobu resction of N,O-
big(phenoxycarbonyl)hydroxylamine with dcohol 20 in presence of TPP and DEAD in
anhydrous THF provided the adduct 21 in 88 % vyidd. Trestment of 21 with saturated
methanolic ammonia solution, smultaneoudy deaved benzoate ester and converted urethane
into urea affording the target molecule 22 in 65 % yidd (Scheme 8). The dructure 22 was
fully assgned by 'H NMR and *C NMR spectrd andysis dong with further confirmation by
combugtion data (Cdcd. for CiH»FNOs C, 60.71; H, 6.25; N, 833 Found C, 60.60; H;

642, N; 8.25).

Scheme 8

13PPh 5, DEAD
T THR L ah
NH 5/MeOH < >
t3 1Zeh F ° 07T i
I, =
Ho RO NJ\
22 OH

In concluson, we have reported a short and sereosdective gpproach to 6-membered

T

-
gl

anologue of CM1-977 (22) invalving the ring dosing metathesis of vinyl ethyl derivative17.



EXPERIMENTAL SECTION
(29-1-(4Flour ophenoxy)hex-5-en-2-ol (15).

To a solution of dlylmagnesum bromide [prepared from 123 g (514 mmol) of
megnesum and 31 g (257 mmol) of dlyl bromide in dry ether (10 mL)], were successvey
added CUCN (45 mg) and (S)-4-fluorophenylglycidyl ether (4) (30 g, 180 mmol) a 0 °C.
The reaction mixture was dirred for 15 min a rt., quenched with saturated NH4Cl solution
and concentrated. The resdue was dissolved in ethyl acetae, washed with water, dried
(NaxSO4) and concentrated. The crude product was purified on dlica gd usng ethyl acetate-
light petroleum (1:4) to give 15 (3.0 g, 80%) as viscous liquid.

[a]o +21.2 (c 2.1, CHCly).

'H NMR (CDCl;, 200 MH2): d 165 (m, 2H, CH,), 218 (m, 2H, GH,CH=CH,), 265 (br s,
1H, OH)), 3.85 (M, 2H, OCHy), 4.0 (m, 1H, CHOH), 502 (m, 2H, =CH,), 583 (m, 1H, CH=),
6.85 (m, 2H, Ar), 6.95 (m, 2H, Ar).

BC NMR (CDCh, 50 MHz): d 2955 (CH), 3211 (CH2CH=CHy), 69.40 (CH:0), 72.75
(CHOH), 11501 (CH, Ar), 11542 (CH, Ar), 11550 (CH, Ar), 11557 (CH, Ar), 11596
(=CHy), 137.91 (CH=), 154.64 (~C, Ar), 159.69 (O-C, Ar).

EIMS miz (rel.intensity): 210 (M*, 17), 126 (19), 112 (100), 95 (18).

And. Calcd. for (Ci2H1sFOy): C, 68.57; H, 7.14. Found: C, 68.35; H, 7.23.

(29-2-(1-Ethenoxy) - 1-(4-fluor ophenoxy)-5-hexene (16).

A mixture of compound 15 (295 g, 140 mmol), ehyl vinyl eher (250 mL) and
Hg(OOCCFs) (06 g, 14 mmol) were dirred for 12 h. The reaction was worked up as
described earlier for the preparation of compound 8. The resdue was purified on dlica gd
using ethyl acetate-light petroleum (1:50) to give 16 (2.32 g, 70%) as a colourless liquid.

[a]o —6.1° (c 2.8, CHCl3).
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'H-NMR (CDCl3, 200 MHz): d 182 (m, 2H, CH,), 2.23 (m, 2H, G4,CH=CH,), 3.90-4.20 (m,
4H, H-5 OCH,;, OCH=CH,), 434 (dd, J = 14, 142 Hz, 1H, OCH=CH,, 505 (m, 2H,
=CHy), 583 (m, 1H CH=), 6.39 (dd, J = 64, 14.2 Hz, 1H, OCH=CH>), 6.85 (m, 2H, Ar), 6.95
(m, 2H, Ar).
EIMS miz (rel.intensity): 236 (M", 2), 208 (57), 125 (81), 112 (37), 95 (38), 81 (100).
(29-2-(4Fluor ophenoxymethyl)-3,4-dihydro-2H-pyran (17).

A mixture of 16 (23 g, 9.7 mmal) and Grubbs cadys (0.4 g, 048 mmol) in benzene
(600 mL) was heated under reflux for 20 h and processed as described earlier for the
preparation of compound 8, to give 17 (1.1 g, 55%) as a syrup.
[a]o +47.3 (c 1.6, CHCl3).
'H NMR (CDCl;, 200 MHZ): d 165-240 (m, 4H, 2 x CH,), 383 (dd, J =5, 9.3 Hz, 1H,
OCHy), 3.95 (dd, J = 61, 9.3 Hz, 1H, OCH>), 4.16 (m, 1H, H2), 471 (m, 1H, H-5), 639 (d, J
=5Hz, 1H, H-6), 6.80-7.00 (m, 4H, Ar).
EIMS m/'z (rel.intensity): 208 (M, 40), 125 (19), 112 (100), 95 (27), 83 (45).
And. Cacld. for (Ci2H1970z): C, 69.23; H, 6.25. Found C, 63.97; H, 6.42.
(2RS,69-2-(benzenesulfonyl}-6-(4-fluor ophenoxymethyl)tetr ahydropyran (18).

A olution of 17 (1.1 g, 53 mmol) and freshly prepared benzenesulphinic acid (0.9 g,
6.3 mmal) in CHCl, (20 mL) was dirred for 2 h a rt. and processed as described earlier for
the preparation of compound 9, to provide 18 (1.52 g, 82%) as white solid.
M.P.: 124-126 °C.
'H NMR (CDCl;, 200 MHz): d 155 (m, 2H, CH,), 1.66 (m, 1H, CHy), 191 (m, 1H, CHy),
230 (m, 1H, CHy), 270 (m, 1H, CHy), 382 (m, 2H, OCH>), 472 (d, J = 50 Hz, 1H, H-2),

492 (m, 1H, H-7), 6.75 (m, 2H, Ar), 6.95 (m, 2H, Ar), 7.60 (m, 3H, Ph), 7.95 (m, 2H, Ph).
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(25 69-6-(4 Fluor ophenoxymethyl - 2-(1-hydr oxy-3-butyn-4-yl)tetr ahydr opyran (20).

The compound 18 (15 g, 428 mmol) was converted to (ZRS,69-6-(4fluorophenoxy
methyl)-2-(1-tetrahydropyranyloxy-3-butyn-4-yl)tetrahydropyran ~ (19)  usng  4-tetrahydropyr
anyloxy-1-butynylmegnesum bromide (prepared from 132 ¢/ 86 mmal of 4tetrahydro
pyranyloxy-1-butyne, 1.05 ¢/857 mmol of isopropyl bromide and 03 g of Mg), ad
anhydrous ZnBr, solution (1 M in THF, 514 mL, 514 mmad) in THF by usng the same
procedure described earlier for the preparation of 10, The crude product was immediatey
trested with pTSA (25 mg) in MeOH (10 mL), neutrdized with EtsN and cancentrated. The
resdue was chromaographed on dlica gd usng EtOAc-lignt petrodeum (1:15) to obtan 20
(0.83 g, 84%) as a slid.

[a]p -32 (c 11, CHCly).

'H NMR (CDCl3, 400 MHz): d 1521 (m, 6H, 3 x CHy), 255 (t, J = 63 Hz, 2H, °-CH)),
373(t, J = 6.3 Hz, 2H, GH20H), 382 (dd, J = 6.4, 9.7 Hz, 1H, OCH,), 3.98 (dd, J = 4.7, 9.7
Hz, 1H, OCHy), 422 (m, 1H, H-6), 4.8 (s, 1H, H-2), 683 (m, 2H, Ar), 6.93 (m, 2H, Ar).

3C NMR (CDCh, 125 MHz): d18.88 (CHy), 23.18 (CHy), 27.04 (CHy), 30.38 (°-CH,), 6111
(CH,OH), 6552 (OCH,), 69.96 (C-6), 71L92 (C-2), 8008, 8402 (°C), 11512 (CH, Ar),
115.63 (CH, Ar), 115.72 (CH, Ar), 115.79 (CH, Ar), 154.97 (~C, Ar), 15828 (O-C, Ar).

EIMS miz (rel.intensity): 278 (M", 18), 153 (28), 125 (37), 112 (100), 95 (75), 79 (7).

And. Cdcd. for (CisH1dFOs): C, 69.06; H, 6.83. Found C, 68.98; H, 7.05.

(25 69-6-(4Fluor ophenoxymethyl)-2-(1-N,O-bigphenoxycar bonyl)hydr oxylamino-3-
butyn-4-ytetrahydropyran (21).

The compound 21 was prepared from trans-dcohal 20 (0.81 g, 29 mmol), PP (0.92
g, 349mmad), N,O-bigphenoxycarbonyl)hydroxylamine (095 g, 349mmol) and DEAD (0.6
g, 349 mmal) in THF (15 mL) by usng the same procedure desribed earlier for the

preparation of compound 14, to provide 21 (1.39 g, 88%) asasolid.
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M.P.: 115116 °C.
[a]o -18.4° (c 1.32, CHCly) .
'H NMR (CDCls, 200 MHz2): d 145-1.80 (m, 6H, 3 x CHy), 275 (t, J = 68 Hz, 2H, °-CHy),
883 (M, 2H, OCH,), 405 (t, J = 7.32 Hz, 2H, CH.N), 423 (m, 1H, H-6), 48 (s 1H, H-2),
6.70-6.95 (M, 4H, Ar), 7.2:7.45 (m, 10, 2 x Ph).
(25 69-6-(4fluor ophenoxymethyl)-2-(1-N-hydr oxyur edyl-3-butyn-4-yl)tetr ahydr opyran
(22).

The compound 21 (1.3 g, 244 mmol) was converted to 22 usng methanolic anmonia
solution (10 mL) by usng the same procedure described earlier for the preparation of
compound 1, to provide 22 (0.53 g, 65%0) as asolid.

[a]p-28.6’ (c 1.2, CHCly).

M.P.: 98-99 °C.

IH NMR (CDCl3, 200 MHz): d 1520 (m, 6H, 3 x CH,), 252 (t, J = 7.3 Hz, 2H, °-CH)),
365 (t, J = 7.3 Hz, 2H, CH,N), 383 (m, 2H, OCHy), 4.2 (m, 1H, H6), 475 (s 1H, H2), 577
(br s, 2H, NHy), 6.75-7.0 (m, 4H, Ar), 9.0 (br s, 1H, N-OH).

13C NMR (CDCl3, 75 MH2): d 17.15 (CH,), 18.71 (CHy), 27.80 (CH,), 3040 (°-CH,), 48.95
(CH2N), 6543 (OCH,), 69.98 (C6), 7224 (C-2), 7953, 8454 (C°C), 11552 (CH, Ar),
11582 (CH, Ar), 11594 (CH, Ar), 11603 (CH, Ar), 15501 (C, Ar), 159.01 (O-C, Ar),
161.84 (NCONH)).

And. Cadd. for (Ci7HFN2O4): C, 60.71;, H, 625, N, 833. Found: C, 60.60; H, 642, N,

8.25.
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PRESENT WORK
In continuation of our earlier entantiosdlective condruction of CMI-977 and its dSx
membered andogue, we were further intereted to build a library of compounds thet will
extend to lead discovery and optimisgtion from the medicind chemis point of view. Hence
our next agenda in this series was to develop a single enantiomer synthess of oxepane

derivative i.e. the seven membered andogue of CMI-977. In this chapter, we have disclose

the gynthesis of saven membered andogues (cis and trans) of CMI-977 with two carbon

increasein thering Szei.e, compound 32 and compound 33.

N
NH, H H ll\l NH,
33 OH

Accordingly, we initiatled dating from (S)-4-flulorophenyl glycidyl eher (4), which

was obtaned from hydrolytic kinetic resolution of (£)-4-fluorophenyl glycdyl ether (3 as
decribed in the scheme 2  The regiosdective opening of epoxide 4 with (4
benzyloxy)butylmagnesum bromide (23 in the presence of cuprous cyanide in dry THF gave
the (29)-7-benzyloxy-(4-fluorophenoxy)heptan2-d  (24) in 73 % vyidd. In its 'H NMR
gpectrum, the characteridic dgnds due to benzyl as wdl as p-fluorophenyl groups were
locdised in the region of 6.77-7.35 ppm (m, 9H). In addition, the structure was confirmed by
high resolution mass spectrum in which the molecular ion pesk (M*) was observed a m/z
3221803 (Cacd. for CooHosFOsz 3221787). Our next endeavour was to obtain dihydroxy
derivaive 25 which was achieved on hydrogenolyss of benzyl group of 24 on treating with
10% Pd/C in ethanol under hydrogen amosphere for 3 h to provide 25 in 93 % yidd. In the
'H NMR spectrum, the conspicuous absence of pesks due to benzyl group was noted. The

molecular formula of the dructure was further confirmed by HRMS spectrum in which the
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molecular ion pesk (M*) was found a mz 2421319 (Cdcd. for CyHiFOs 242.1318).
Sdective oxidation of primary hydroxy group is a chdlenging task and the method to
accomplish this is vary rae We obsarved that this could be essly peformed with IBX in
DMSO. Thus, The primary hydroxy group wes sdectivdly oxidised with dow addition of 2
iodoxybenzaic acid® in dry DMSO to the compound 25 in dry THF for the period of 15min.
a the room temperature to provide (6S)-7-(4fluorophenoxy)-6-hydroxyheptanl-d (26) in 62
% vyield. The presence of adehyde proton reveded that 26 exiged in open chain form. The
dructure was in accordance with the *H NMR spectrum in which a singlet a the down fied
region d 9.80 due to the adehyde proton appeared dong the resonances of methylene group in
CH2CHO a 249 ppm, further confirmation by HRMS andyss which showed the molecular

ion pesk a Mz 240.1164 (Caled. for CisHyFOs: 240.1161).

Scheme 9 I
. OH
MoBr 4 1.2-dibromoethane Pd/C,H 5
Bno” > > F o OBn ——
CuCN, THF, 0°cl.5h

EtOH, rt, 3h
23 24
qH IBX, DMSO, THF oH
rt, 0.5h CHO
25 26

Our next concarn is to obtan cydic 2-benzenesulfonyloxepane derivaive (27). We
beieved that during sulphonylaion the open chan form of 26 will collgpse to cydic form
27.The driving force for the reaction will be the dability of benzene sulfonyloxy function.
The compound 26 was treated with benzenesulfinic acid in dry CH,C, a 0 °C to room
temperature for 3 h to provide (2RS,7S)-2-(benzenesulfonyl)-7-(4-fluorophenoxymethyl)
oxepane (27) in 81% vyidd. In the *H NMR spectrum, the signa due to H2 and H-7 protons

appeared at d 4.72 (dd) and 4.45 (m) as expected for cydlic sructure.
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Our next concern wes the daboration of sulphone 27 into the target molecule 32.
Accordingly nudeophilic displacement of the sulphone 27 with 4-tetrahyropyranyloxy-1-
butynylmagnesum bromide in the presence of anhydrous zinc bromide in dry THF a 0 °C to
room temperature for 30 h provided the C-C coupled derivative 28 which on THP deprotection
furnished a mixture of (2579 and (2R7S) diastereomers in ratio of (8:2). This diastereomer
were separated by slica gd column chromatography usng ethyl acetate-hexane (1:8) to give
(2579)-7-(4fluorophenoxymethyl) -2-(1-hydroxy-3-butyn-4-yl)oxepane . (299 in 70%  yidd
(trans) and the corresponding cis (2R, 7S) isomer 30 in 175 yidd (Scheme 10). The mgor
compound 29 was confirmed as trans by NOE sudies in which irradiation of H2 proton did
not show the enhancement of H-7 proton and vice versa, wheress in the case of minor product
30 the irradigion of H-2 proton shown the enhancement in H-7 and vice versa, indicating the
presence of spadid interaction which confirms the cis isomer. The 'H NMR spectrum of
enantiomericdly pure 29 (trans) was amiable to fird order splitting. For example, the pesks
corresponding eight methylene protons were observed in the region of d 140-2.12, wheress the

oxepane ring protons H-2, H-7 were locdised a d 4.56 and 4.16 respectivdly. The molecular
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formula was further confirmed by HRMS andysis with the observed molecular ion pesk (M*)

a 292.1474 (Cdcd. for C17H21FOs: 292.1477).

13, PPh 5, DEAD
— 2 =
THF, rt, 4h

NH3/MeOH
rt, 12h

The next gep of the synthetic planning was to introduce N-hydroxyurea group a the
end of the acetylene dde chain of 29 (Scheme 11). Thus, the Mistunobu reection of 29 with
N,O-bigphenoxycarbonyl)hydroxylamine (13) usng TPP and DEAD in THF a room
temperaiure gave the compound 31 in 92 % yidd (Scheme 11). Subsequent trestment of 31
with ammonia in methanol effected the two reactions. In the first place the urethane group
(NCOOPh) was converted into urea (N-CONHz) whereas benzoate group (OCOPh) was
anmonolysed to hydroxy, thus providing the requiste product 32 (7-membered trans-
andogue of CMI 977) as a cryddline solid with 98 % purity by HPLC. The Sructure 32 was

fully assigned by *H NMR, *C-NMR and HRM S spectrd anaysis

Scheme 12

<:> 13, PPh3 DEAD E <:> o
THF, rt, 4h
H H X
NH,/MeOH <:> o
—>
rt, 12h
g )k
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Smilaly, cis-isomer 30 was adso converted into find target 33 as depicted in scheme
12, which was fully characterised by spectra data

In summary, the dtereosdective syntheses of the 7-membered andogues of CMI977
(1) have been achieved efficiently. The highlights of the synthetic draiegy include regio-
sective oxidation of hydroxy group and the adventurous ring dosure of open chain addehyde
to 2-benzenesulfonyl oxepane derivetive with PhSOH.

The seven membered andogues of CMI-977(1), namdy trans-isomer (32 and cis-
isomer (33 were obtaned as a colorless cryddline solid after multi-step synthesis. This
compounds were then tested for Leukotriene B, inhibition in the human whole blood assay.
Test compound activity was determined as per Cayman LTD enzyme immunosssay (EIA) and
evauated as I1Csp [NM]. The cis isomer 33 had an 1C5 of 518 nM where as its trans isomer 32
with an 1339 nM. It is redly surprisng that cis-isomer shows better activity than the trans-
isomer, thereby edtablishing the new paradigm in the pathology of ashma, where in generdly,
it has been proven tha trans subdituted compounds (modly 5-membered) are the most

effective compounds with inhibitory activity.
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EXPERMENTAL SECTION
(29-7-Benzyloxy-1-(4-fluor ophenoxy)heptan-2-ol (24).

To a sugpenson of magnesum (1.4 g, 57.6 mmoal) in dry THF (25 mL) was added 1,2-
dibromoethane (0.2 mL) dropwise followed by a solution of 4-benzyloxy-1-bromo butane (7
g, 2868 mmad) in dy THF (25 mL) dowly a room temperaure. The reaction mixture was
dirred for 1 h, cooled in an ice-dt bath and then CuCN (50.0 mg, 0.57 mmol) was added
followed by a solution of (S)-4fluorophenyl dgycidyl ether @) (29 g, 17.3 mmol) in dry THF
(30 ml). The reaction was dirred for 15 min and quenched with saturated agueous ammonium
chloride solution & 0 °C. THF was removed under vacuum and the residue partitioned
between EtOAc and water. The organic layer was successvely washed with water and brine,
dried over N&SO, and concentrated. The crude product was purified on glica gd column
chromatography usng EtOAc-hexane (1.:6) as duent to give 24 (5.8 g, 73%) as colourless
liquid.

[a]p +12 (c 2.2, CHCL).

'H NMR (CDCls, 200 Hz): d 135-169 (m, 8H, 4 x CH2), 345 (t, J = 6.25 Hz, 2H, CH20B),
371-395 (m, 3H, OCH,, CHOH), 448 (s, 2H, OCH,Ph), 6.82 (m, 2H, Ar), 695 (m, 2H, Ar),
7.27-7.35 (m, 5H, Ph).

FABMS mz (rd.intensity): 332 (M*, 32), 261 (14), 207 (43), 181 (90), 125 (61), 112 (78),
107 (100).

HRMS (FAB): Calcd. for (CodHzsFO5, M™): 332.1787. Found 332.1803.

(69)- 7-(4 Fluor ophenoxy)heptane-1,6-diol (25).

A solution of 24 (5.8 g, 17.5 mmoal) in ethandl (30 mL), containingl0% of Pd/C (100
mg) was girred under H, amosphere for 3 h. The reaction mixture wes filtered through cdlite,
washed with ethanol and concentrated. The resdue was purified by dlica gd column

chromatography using EtOAc-hexane (1:1) to afford 25 (3.92 g, 93%) as viscous liquid.



[a]p +12.8 (c 31, CHCly).

'H NMR (200 MHz, CDCl): d 1.29-169 (m, 8H, 4 x CHy), 365 (t, J = 6.8 Hz, 2H, (H,0H),
3.82-4.02 (m, 3H, OCHz, CHOH), 6.82 (m, 2H, Ar), 6.94 (m, 2H, Ar).

EIMS m/z (rel.intensity): 242 (M*, 9), 126 (13), 112 (100), 95 (31), 43 (78).

HRMS (El): Calcd. for (CraHioFOs, M*): 2421318, Found 242.1319.

(69-7-(4Fluor ophenoxy) -6-hydr oxyheptanal (26).

To a solution of 25 (36 g, 14.8 mmoal) in dry THF (60 mL) was added dropwise a
golution of IBX (5 g, 178 mmal) in dry DMSO (4 mL) over a period of 15 min. & room
temperature. After 15 min. the reaction mixture was diluted with ice weter, filtered through
cdite and concentrated. The resdue was extracted with diethyl ether, washed with brine
dried over NSO, and the organic solvent removed under reduced pressure. The resdue was
purified by dlica gd column chromeatography usng EtOAc-hexane (1.9) to give 26 (22 g, 62
%) as visoous liquid.

[a]p +12.0 (c3.77, CHCh).

IR (nest): 3694-3200 (br), 2941, 1684, 1498, 1208, 824 cmi.

'H NMR (CDCls, 200 MHZ): d 1.41.8 (m, 6H, 3 x CH,), 249 (t, J = 547 Hz, 2H, GH,CHO),
3.71-4.05 (m, 4H, OH,, CHOH), 6.85 (m, 2H, Ar), 6.94 (m, 2H, Ar), 9.8 (s, 1H, CHO);

FABMS miz (rd.intensity): 240 (M*, 37), 223 (80), 205 (18), 154 (37), 136 (65), 125 (59),
109 (100).

HRMS (FAB): Cdcd. for (CaH:7FOs, M*): 240.1161. Found 240.1164.

(2RS, 79-2-(Benzenesulfonyl)-7-(4-fluor ophenoxymethyl)oxepane (27).

To an ice-cold mixture of benzenesulfinic acid (1.8 g, 124 mmol) and CaCl> (1.4 g,
125 mmal) in dry CH,CO, (50 mL) was added dropwise a solution of 26 (2 g, 83 mmd) in
CH.Cl; (10 mL). The reaction mixture was girred for 3 h and filtered through cdite and

washed with CH2Cl.. The combined organic layer was washed with saturated agueous
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Na,CO5; water, brine and dried over Na;SO,. Solvent was removed under reduced pressure
and the resdue was purified by slica gd column chromatogrgphy using EtOAc-hexane (1:6)
as duent to give 27 (245 g, 80.8%) as white olid.
M.P. 126- 128 °C.
'H NMR (CDCl;, 200 MH2): d 143-220 (m, 7H, 3CH,, Y£H 5), 25 (m, 1H, %&H ,), 362
(dd, J = 584, 10.75 Hz, 1H, OCH), 382 (dd, J = 449, 10.75 Hz, 1H, OCHy), 445 (m, 1H,
H-7), 472 (dd, = 6.6, 10.75 Hz, 1H, H2), 6.75 (m, 2H, Ar), 695 (m, 2H, Ar), 749 (m, 3H,
Ph), 7.91(m, 2H, Ph).
(2S5 79-7-(4Fluorophenoxymethyl)}-2-(1-hydroxy-3-butyn-4-yl)oxepane  (29) and (R7S)
- 7-(4luor ophenoxymethyl)-2- ( 1-hydraxy-3-butyn-4-yl)oxepane (30).

Compound 27 (22 g, 60 mmo) was conveted to (&RS,79-7-(4fluorophenoxy
methyl)-2-(1-tetrahydropyranyloxy-3-butyn-4-yl tetrahydropyran (28) usng 4tetrahydro
pyranyloxy-1-butynylmegnesum bromide (prepared from 186 g/ 120 mmo of 4-tetrahydro
pyranyloxy-1-butyne, 1.85 ¢/150 mmol of isopropyl bromide and 058 g of Mg) ad
anhydrous ZnBr, solution (1 M in THF, 725 mL, 72 mmad) in THF by usng the same
procedure described earlier for the preparation of 10. The crude product was trested with
pPTSA (25 mg) in MeOH (10 mL), neutrdized with EtsN and concentrated. The resdue was
purified by sglica gd chromotography usng EtOAc-hexane (1:8) to dute firs-low pola cis
isomer (30) (0.26g, 15%) as a solid and then high-polar trans isomer @9 (1.06g, 60%) as a
slid.

Compound 30 (trasisomer)

[a]p -74 (c 3.63, CHCly).

IR (nest): 3634-3200 (br), 2909,1498, 1208, 824 o™,

'H NMR (CDCl;, 400 MH2): d 150 (m, 2H, CHy), 1.76 (m, 2H, CHy), 1.89 (m, 2H, CHy),

212 (m, 2H, CH2), 248 (ct, J = 7.17, 14 Hz, 2H, °-CH2), 368 (t, J = 7.17 Hz, (H:0H), 381
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(dd, J = 604, 932 Hz, 1H, OCH,), 392 (dd, J = 511, 932 Hz, 1H, OCH,), 4.16 (m, 1H, H
7), 456 (m, 1H, H-2), 684 (m, 2H, Ar), 6.95 (m, 2H, Ar);
EIMS miz (rél.intensity): 292 (M", 32), 123 (85), 112 (88), 95 (70), 41 (100).
HRMS (El): Calcd. for (CiH21FOs, M*): 292.1477. Found 292.1474.
Compound 29 (cis isomer)
[a]o + 269 (c 2.2, CHCE).
'H NMR (CDCl;, 400 MHZ): d 150-205 (m, 8H, 4xCHy), 248 (t, J = 7.2 Hz, 2H, °-CH,),
368 (t, J = 7.2 Hz, 2H, G4,0H), 377 (dd, J = 7.2, 101 Hz, 1H, OCH,), 3.88 (m, 1H, H7),
398 (dd, J=6.48, 10.1 Hz, 1H, OCH>), 4.36 (m, 1H, H-2), 6.83 (m, 2H, Ar), 6.94 (m, 2H, Ar).
13C NMR (CDCk, 50 MH2): d 2313 (CHy), 2501 (2 x CHy), 32.24 (CHy), 37.86 (°-CHy),
60.86 (CH,OH), 7026 (OCH,), 7166 (G7), 7749 (G2), 8158, 8226 (C°C), 11545 (CH,
A, 11566 (2 x CH, Ar), 11582 (CH, Ar), 11591 (CH, Ar), 15490 (FC, Ar), 15965 (OC,
Ar).
(25 79-7-(4Fluor ophenoxymethyl)-2-[ 1-N,O-bigphenoxycar bonyl)-3-butyn-4-yl] oxepane
(3D).

The compound 31 was prepared from trans-dcohol 29 (0.81 g, 29 mmal), PPhs (0.92
g, 349mmoal), N,O-bigphenoxycarbonyl)hydroxylamine (0.95 g, 349 mmol) and DEAD (0.6
g, 349 mmal) in THF (15 mL) by usng the same procedure described earlier for the
preparation of compound 14 The product wes purified by slica gd column chromatography
using EtOAc-hexane (1:9) to give (1.55 g, 92%) asasolid.
[a]p-46.0 (c 24, CHCl3).
IR (neat) 3600-3200 (br), 2941, 1678, 1502, 1215, 824 e
'H NMR (CDCl3, 200 MH2): d 1.39-2.18 (m, 8H, 4 X CHy), 2.70 (t, J= 6.9Hz, 2H, © -CH,),

3.70-4.05 (M, 4H, CHOH, OCHy), 4.13 (M, 1H, H-7), 451 (m, 1H, H-2), 6.76-6.96 (M, 4H,
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Ar), 7.13-7.44 (m, 10H, 2 x Ph).
FABMS mz (relintensity): 547 (M*, 23), 410 (5), 300 (10), 206 (19), 151 (19), % (42), 77
(200).
(2R, 7S)-7-(4Fluor ophenoxymethyl)-2-[ 1-N,O-bigphenoxycar bonyl)-3-butyn-4-yl]
oxepane (34).
The compound 30 was converted to 34 as described aove
[a]o + 11 (c 4.3, CHCl3).
H NMR (CDCls, 200 MHZ): d 147-203 (m, 8H, 4 x CH,), 3.74 (dt, J = 1.4, 7.0 Hz, 2H, °-
CHy), 3684.08 (M, 5H, H7, OCH, CH0), 434 (m, 1H, H-2), 6.74699 (m, 4H, Ar), 7.12-
747 (m, 10H, 2 x Ph).
(25 79-2-(4fluor ophenoxymethyl)- 7-(1-N-hydr oxyur eidyl-3-butyn-4-yl)oxepane (32).

The compound 31 (1.3 g, 244 mmol) was converted to 32 usng methanolic anmonia
solution (10 mL) by usng the same procedure described earlier for the preparation of
compound 1, to provide 32 (0.55 g, 65 %) as a colourless solid.

[a]p-56.0 (c 2.15, CHCly).

H NMR (CDCl3, 200 MHZ): d 141-218 (m, 8H, 4 x CH.), 251 (dt, J = 1.1, 7.1 Hz, 2H, °-
CH.), 369 (t, J = 7.1 Hz, 2H, CH,N), 381 (dd, J = 952, 476 Hz, 1H, OCH.), 39 (dd, J =
571, 952 Hz, 1H, OCHy), 413 (m, 1H, H7), 451 (m, 1H, H-2), 525 (5 2H, CONHy), 7.02
(m, 4H, Ar), 7.69 (s, 1H, N-OH).

3C NMR (CDChk, 50 MHz): d 17.19 (CH,), 2459 (CH,), 27.45 (CH,), 32.0 (CH,),37.13 P-
CH2), 4889 (CH2N), 67.11 (OCH>), 72.03 (C-7), 7231 (G2), 8157, 8241 (®°C), 11551 (2
X CH, Ar), 11566 (CH, Ar), 11581 (CH, Ar), 11597 (CH, Ar), 15490 (F-C, Ar), 15966 (O-
C, Ar), 161.78 (NCONH).

FABMS mz (rdintensity): 351 (M*+1, 100), 308 (8), 291 (6), 154 (27), 111 (6), 95 (17).



52
HRMS(FAB): Calcd. for (CygH 247N, M* + 1): 351.1720. Found 3511736,
(2R, 79)-7-(4-Fluor ophenoxymethyl)-2-(1-N-hydr oxyur eidyl-3-butyn-4-yl Joxepane (33).
The compound 34 was converted to 33 as described aove
[a]o + 320 (c 05, CHCl3).
'H NMR (CDCl3, 200 MHZ): d 140-198 (m, 8H, 4 X CH2), 250 (t, J = 7.1 Hz, 2H, °-CHy),
357 (t, J = 7.1Hz, 2H, CH.N), 369-399 (m, 3H, OCH,, H-7), 433 (m, 1H, H2), 548 (s 2H,

CONH,), 6.74-6.99 (m, 4H, Ar), 86 (5, 1H, N-OH).
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CHAPTER-2

SYNTHETIC STUDIESTOWARD

SCYPHOSTATIN



INTRODUCTION

Scyphodain (1) is a novd neutrd sphingomydinese inhibitor isolated during the
search for N-smase inhibitors from the fermentation broth of Dasyscyphus millissmus SANK
— 13892 by Ogita et al in 1997} N-Smase inhibitors are useful in the regulation of ceramide
level and thus are of immense need in the therapy of autoimmune diseases and inflammation.
This compound is the fird low molecular weght inhibitor of the enzyme either naturd
sources or of gynthetic origin. This natura product is endowed with unprecedented sructurd
features specidly a cycdohexenone epoxide moiety in which the tetiary chird centre & C, is
linked to an n-propyl amino dcohol under a lipophilic sSide chain. The initid report® did not
confirm the absolute configuration of the lipophilic side chain. Later satio et al® has confirmed
the absolute and rddive configuration by the degradation of scyphodatin. Recently, Hoye et
al* reported have synthess of lipophilic sde chain, where the synthess of polar

cydohexanone moiety was largely neglected.

1 16

Evidence suggests that tumor necrosis factor a (TNFa) and intedeukin-1b (IL-1b)
employ the sphingomydin pathway to effect sSgnd transduction by their receptors. This
pahway is initiatled by hydrolyss of plaama membrane sphingomyein to ceramide by the
action of a gphingomydinase. Ceramide saves as a second messenger, dimulating a

seringlthreonine  ceramide-activated protein kinese to transduce the cytokine dgnd, in part
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through mitogenactivated protein (MAP) kinase and transcription factors such as NF¢B. The
extent to which this dgnding sysem is used in inflanmmation, immune responses and
gooptogs is not known, but accumulaing evidence suggests thet it is a commonly employed
pathway that could be exploited therapeuticaly.

Sphingomydin is preferentidly concentrated in the outer ledflet of the plasma
membrane of mog mammdian cdls, it is comprised of a long chain sphingoid base backbone
(predominently sphingoshine), a faity acdd, and a phosphocholine head group (Figure 1). The
faty acdd in amide linkege a the second postion of the sphingoid base conditutes ceramide.
Hydrolyss of the phosphodieter bond by a sphingomydinese to vyield ceramide and
phosphocholine is the only dealy defined mechanism for gphingomydin  degradation in

mammdian cdls®

Sphingosine Phosphocholine
‘ OH ?I)
/\/\/\/\)\(WOCHZCHZNYCH@;;
O
ll\lH
Spingomyelin O=C Fatty
| acid
Ry |
LSMase
OH @]
Il
WOH HOI|DOCH2CH2N+(CH3)3
O
NH
Ceramide O:(;: Phosphocholine
Ry

Figure 1. Spingomydin Hydrolssto Ceramide mediated by Sphingomydinase
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Sphingomydin was conddered only a dructrd dement of the plasma membrane.

However, 12-diacylglyceradl (DG), a phydsologic ectivator of proten kinese C, dimulated
rgpid sphingomyein degradation to ceramide in GHj rat pituitary cells Little of the generated
ceramide was deecylated to sphingoid baeses potential inhibitors of proteén kinese C°
prompting a search for additiond derivaives of ceramide. Seved invedtigations establisehd
the existence of a specific metabolic pathway from sphingomyelin to ceramide 1-phosphate.”
The gphingomydin metabolic pathway is smilar to the phogphoinodtide sgnd  transduction
pahway. The centrd lipids in these pathways, ceramide and DG, both serve as subdrates for
the same bacteid DG kinase, implying they posses dructurd smilarity. Ther phosphorylaied
forms, ceramide 1-phosphate and phosphatidic acid were therefore, dso dructurdly smilar.
Further, neutrd sphingomydinase, the enzyme that initistes the sphingomydin pathway, is a
phospholipase C concentrated in the plasma membrane (Kolesnick, 1991), like the enzyme
initiating the phosphoinogtide pathway. Ceramide dso gopears to be an ided candidate second
messenger and it readily redistributes across a membrane bilayer? Since DG utilized a specific
kinese, proten kinee C, for dgnding, it was conddered that ceramide might dimulae a
kinase. Ceramide does not activate protein kinase C.

TNFa and inteferon-g agents tha induce monocytic differentiation of HL-60 cdls
do simulaed sphingomydin degradation after 15 min. of simulaion.®  Evidence was
provided that ceramide mediated TNFinduced downregulation of c-myc, an event that may
be important for cessttion of proliferdtion during termind differentiation. Although these
dudies suggested tha ceramide could play a prominent role in TNFinduced maonocyte
differentiation, the extended time courses implied that these events even if criticd for
differentiation were downstream of the initid sgnding steps.

Snce TNF induced a physologic devation in ceramide levds, its effect on ceramide-

activated protein kinases was assessed. HL-60 cdls contained an activity indiginguisheble
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from that defined in A431 cdls tha increesed within minutes of TNF simulaion. Other
differentiating agents did not enhance kinase activity. Subsequent invedtigations showed
gphingomydin degradaiion to ceramide and dimulation of the kinase within the firs minutes
of TNF dimulaion. Therefore, the cascade of sphingomydin degradetion to ceramide and
dimulaion of the ceramide-activated protein kinaseisinitiated early in TNF Sgnding.

The sphingomydin pahway eappears to have auffident odectivity for NF¢B
trandocation to the nudeus HIV-1 replicaion, [L-2 transcription, and apoptotic DNA
damage to condude that it is a mgor dgnding mechanism through which TNF and IL-1
induce these events. The gpecificity for these events is inherent in the dtructure of ceramide
and is manifex even in the mog proximd events in this pathway, simulation of ceramide
activated protein kineese and phosphatase. Thus, the sphingomydin pathway appears to be
bondfide-sgnding system andogous to the more wel defined cAMP and phosphoinostide
pahways. This sysem contans as many as three targets, neutrd sphingomydinase, ceramide
activated proten kinase, and perhgps ceramide ectivated protein  phosphatase,  for
pharmacologic intervention in the processes of hogt defense, inflammation, and nooplasia

The synthesis of advanced congenor 2 of Scyphodtatin (1) was undertaken in lieu of its
potent biologica activity and nove dructure, under the thematic drategy carbohydrate to
carbocyde involving ring dosing metathesis.

Ring dosng metahess (RCM) has emearged as an atrective tool among synthetic
chemists for C=C bond formation.® The field has reached to the matured level because of the
deadfast advances in recent years. The exatic reasons éttributable to this arer i) well defined,
dable and highly active catdyds ii) very high TON in the cadytic reaction iii) efficacy in
medium to macro-ring cydisation iv) its superiority over other cydisations like Dids-Alder,

meacrolactonisation, etc., because of favourable thermodynamic profile v) adaptability for both
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solution phase and 0lid phase reactions vi) avalability of polymer bound catdyds vii) water
Lluble cadyss endbling the metathes's in water and methandl viii) applicability to broad
scope of subdraes like ene-yne and yneyne meaheds in addition to tri- and tetra
aubdituted sysems ix) ecosafely profile induding vidbility in solvents like ScCO; and x)
compatibility to various functiond groups xi) combinatoriad RCM libraries. The pionearing

efforts of Schrock and Grubbs led to the introduction of their respective catadysts (A) and (B)

Scheme 1 —

v\ _overall reaction _
N

LM =—CHR

/ L,M==CH,
Lni C':HR LnM ahli
n n

RCH=CH,

Fig. Ring Closing Metathesis Mechanism

which find widespread use now-a-days, athough the discovery and deve opment of new and
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Robust catdyds is presantly a hot-pursiit  This reaction has changed the srategy of
gynthetic chemigts and it is very common to find RCM as key transformation in the recent
totd syntheses of natura products, esp., for ring congtruction.

The podulated mechanism involves an iterdive process of [2+2] cydoaddition and
cydoreverson between the olefins, metd dkylidene and metdlocydobutane species (Scheme
1). Theinitid retro-type intermolecular [2+2] cycloaddition between the catdyst and one of
the olefins of diene leads to the incorporation of the metd akylidene in the subgtrate.  The
second  cycloaddition tekes place in a fadle intramolecular fashion and ring opening of
resulting metalocyclobutane leads to the cyclodkene and regeneration of the cadyd. In the
firg tun of the cycle, the volaile nature of the akene by-product (the gaseous ethene in most
cases) tends the reaction to proceed forward thermodynamically.

PAST WORK

Ealier our group (Gurjar et al) reported first synthectic strategy,? involving ferrier
rearrangment as key step, which is discussed below.

DGlucoe (3 was convated into mehyl 3O-benzyl-4,6-benzylidene-a-D-
olucopyranosde (4) whose oxidaion a C-2 under Swen conditions, followed by C-dlylation
with dlylmagnesum bromide in anhydrous Et,O/CHCl; at -78° C gave a 9:1 diastereomeric
mixture of tertiary doohols (5 and (6) which wes sgparaed by slica gd  column
chromatography. The magor product was subjected to NOE dudies, which unequivocdly
proved the dructure as 6 The tetiay hydroxyl group protected as O-benzyl deivaive
folowed by hydrogenolysed in the presence of LiAlH;-AICk to give rise to the 4-O-benzyl
derivaive 7. Compound 8 was obtained in a sequence of three deps The Ferier
rearrangement of 8 in the presence of Hg (OAcCk in agueous acetone gave the carbocydlic

derivative 9 whose dehydration in the presence of MsCl-Et3N-CH,Cl, providedthe a, b-
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Scheme 2

unsaturated derivetive 10. Compound 11 was obtaned by epoxidation with 30 % H,O,-
KLCOs, reduction with NaBH; and protection of the resultant hydroxy group as its
thiocarbonate derivetive. Trestment of 11 with BusSiH followed by MnO: oxidetion afforded

cyclohexenone segment 2 of Scyphodtatin (2).



PRESENT WORK

Scyphodain (1) is a novd neutrd sphingomydinese inhibitor isolated during the
search for N-smase inhibitors from the fermentation broth of Dasyscyphus millissmus SANK
—13892. N-Smase inhibitors ae usgful in the regulaion of ceramide levd and thus are of
immense need in the thergpy of autoimmune diseeses and inflammation. This naturd  product
is endowed with unprecedented sructurd features specidly a cyclohexenone epoxide moiety
in which the tetiary chiral centre a C, is linked to an n-propyl amino dcohol under a
lipophilic Sde chain. The synthess was undertaken in lieu of its potent biologicd activity and
novel dructure, which led to redise the advanced congenor of this target, under the thematic
strategy carbohydrate to carbocycle, we envisoned to arive a the taget to inddl the

Sereochemicd fegtures at the gppropriate positions through the string of manipulaions.

1 16

The cydohexenone derivaive (2) was chosen as a taget because of appropriate

functiondity rdaed to 1. The retrosynthetic plan is given in the Scheme 1 The basc desgn
basad on ring dosng metethess of diene (18). The deivatization of diene by a sies of
reections are given in Scheme 1. The paticulaly interesting aspect is the derivatization of
chird tetiay center following by its menipulaion of chird diol unit. The requiste ketone

after agmple FGI should be matched with D-glucose in dl respects.
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There is a grest ded of gppreciaion for carbohydrates as stitable chird building
blocks in the synthess of opticaly active naturd products. In carbohydrates, stereochemicaly
wel defined carbons are presant. In them, we have molecules with different chain lengths and
varied functiond group didribution, unmetched with any other source of carbon compounds
Due to rigid ring druciure, the reaction with carbohydrate precursors occur  with
conformationa and stereochemical control.

D-Glucose (3) was chosen as darting materid for the current exploration, which was
trgpped in furanose form as 1,2,5,6-di-O-cydohexylidene-a-D-glucofuranosde (4) by known
procedure. The free hydroxyl group a G3 of compound 4 was protected as benzyl ether 5 by
conventiond method with sodium hydride and benzyl bromide in dry DMF, whose 'H NMR
spectrum was comparable with literature source™®  The cydohexylidene group a C;-C, was
sdlectively cleaved over G-GCs™* on treating with few drops of conc. H:SOs in MeOH a 50 °C

foo 3 h to provide methyl 3-O-benzyl-56-O-cydohexylidene-D-glucofurancsde as a (1:2)
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mixture of a and b-anomers, which were separated by slica gd chromatography. The a
isomer 6 was converted into the required b isomer 7 on sequentid anomeric equilibration as
per the aove procedure, followed by separation (Scheme 2). The presence of OMe group was
clealy indicated by the gppearance of dnglet a d 3.36. The anomeric b-configuraiion was
established by its '"H NMR spectrum in which H1 proton was found as singlet & d 4.75 ad

further confirmed by 3C NMR, where the G-1 appeared at d 109.63.

Scheme 2|
OH
(K <
"o O Cyclohexanon o o)
NaH, BnB
" o —»a il OB n
oC- (o)
HO Conc.H,S0 4 DMF, 0 °C-rt, 2h
OH 5
° 5
C: : > OMe
Conc. sto4 0, o}
BN OBn
MeOH,50 °C, 3h
OH
Conc.H,S0, T 7

MeOH,50 °C, 0.5h

Our next concern was to convert 7 into manno derivetive 9 by introducing propenyl
group & C-2 cabon. For this endeavour, the hydroxy group & C-2 of 7 was oxidised with
IBX in dry DMSO a room temperaiure for 6 h to provide the 2ulose derivaive (8.2 The
Grignard reection of carbonyl compounds derived from carbohydrates, normaly occurs with
high degree of stereosdectivity through steric control exerted by adjacent chird centres™® The
cabonyl derivaive (8) was treged with freshly prepared dlylmagnesum bromide a -10 °C
to provide the sngle diaseromeric product 9 in overdl 78% yidd for the two steps (Scheme
3). In contrast, a mixture of 1:1 diastereomers was observed in the case dlyldion of the

corresponding a-anomer of the 2-ulose derivetive. The dl b-configuration 2-ulose derivaive
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(8) would have directed the dlyl nudeophile for excdusve a-facid sdectivity, wheress the
absence of odectivity in a-anomer can be accounted for mixed configuration, thereby
alowing equal facia exposure. The structure of 9was substantiated by *H NMR spectrum in
Scheme 3

OBn

1BX, DMSO CH,=CHCH ;MgBr

Bn >
rt, 6h CuCN, THF, -10 °C, 0.5h.

OBn OH
8 9

O
9] 0 OMe

OBn

: 55

H

9
(NOE signals)

which the characterigic sgnds were obsarved due to the two termind olefin protons & d 5.15
(m) and internd olefinic proton as multiplet & d 5.92 (m), wheress two dlylic protons a d
2.27 and 2.37 as double doublet. The rest of the protons resonated at their expected chemicd
shift vdues. The manno configuration of 9 was confirmed by extendve NOE and NOESY
sudies (Scheme 3).

Having edtablished the absolute stereochemistry at C-2 center, our next effort was to
convert mannofuranose derivaive to pyranose derivative. Accordingly, compound 9 was
refluxed with saturated methanolic HCl for prolonged duration (60 h)!’ no ring isomerisation

was observed but only the anomeic equilibration to provide the anomeic mixture of
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furanogde with concomitant deprotection of cyclohexylidene group. This furanose form
chemicdly confirmed as it succumbed to sodiumperiodate oxidation condition implying the
presence of vic-diol.

The desred trandormation was findly met by changing the solvent from methanol to
ehanol i.e compound 9 on kingic equilibration with refluxing ethandlic HCI for 60 h
provided the mannopyranoside derivaive (10) as a single product in 75 % yidd. The dructure
of 10 was ducidated by its 'H NMR spectrum in which the anomeric proton resonated as a
snglet & d 4.42 dong with the methyl group in the upfidd region as a triplet a d 1.55 of
anomeric ethoxy group. The resonances due to the rest of the protons were in conformity
with the assgned dructure. To further confirm the pyranose sructure, compound 10 was

trested with sllicagd supported sodium periodate in CH,Cl,, no reaction was observed,

HCI, EtOH
OBN oH ‘O TI‘C| DMAP, OH
reflux, 60h BnO EtsN, CH2C|2 Bn
OE 60°C. 8h

indicating the absence of vic-diol and presence of pyranose form. In addition, Structure was
confirmed as a-aomer by its *C NMR, in which the characterisic anomeric carbon
resonated a d 100.35. The res of the carbons resonated at their expected postions. The

molecular formula of the compound was further confirmed by dementd andyss (Cdcd. for
CigHoOs: C, 6390, H, 769. Found: C, 6360; H, 821). The sdective primary tritylation'®
was achieved by trestment of compound 10 with tritylchloride, triethylamine, DMAP (cat) in

dry CHCl; followed by dirring & 60 °C for 8 h provided the trityl derivative 11 in 94% yidd
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(Scheme 4). In the *H NMR spectrum of 11, the pesks corresponding to aromatic protons due

to trityl and benzyl group were obsarved in theregion of d 7.12-7.41.

Scheme
OH
BO OBn
NaH BnBr -—o HCLEOHTHE _Bno —Q
DMF, 0 °c 2h I, 4h
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13
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PPh 5, Im, 1, BnO —O 0°c, 24h
_— >
PhCH 5, reflux, 2h i) DMP, CH ,Cl,
Ot rt, 0.5h

14

Dibenzylaion of the hydroxyl groups (G2 and C-4) in 11 gave the fully protected
derivative 12 usng sodium hydride and benzyl bromide in dry DMF for 2 h in 90% yidd. The
sructure was confirmed by its *H NMR and “C-NMR spectrd studies. The detritylation was
achieved by tregting 12 with IM HCl in mixture of ethanol/THF (L1.1) for 4 h to provide 6
hydroxy derivative 13 (Scheme 5). In the H NMR spectrum the conspicuous absence of
pesks due to trityl group were noted. The primay hydroxyl group in compound 13 was
converted into its iodo derivative 14 with TPP-l-imidezole in toluene a reflux for 2 h in 95
% vyidd.” The structure was ducidated by its 'H NMR and *3C NMR spectrum. For example,
Sgnd due to C-6 carbon was observed in upfidd region a& 7.42 ppm in “C-NMR spectrum.
Further dementd andyss accounted for the molecular formula of dructure (Caced. for
CsH3A40s: C, 61.14; H, 5.89; 1, 19.16. Found: C, 60.95; H, 6.10; I, 18.75).

Cadytic asymmetric dihydroxylation of 14 in tert-butanol and water in the presence

of AD-mix-a gave a single product 15 whose sereochemicd assgnment was based on
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hypothesis reported by Sharpless et al.® The did 15 was protected as its acetonide derivative
16 with catdytic amount of pTSA in DMP and CH,Cl,. The 'H NMR goectrum of 16 reveded
the presence of two singlets a d 129, 1.38 ppm due to isoproplyidene group. In addition,
molecular formula of the dructure was confirmed by dementd andyss (Cded. for
CssH43 Or: C,59.82; H, 6.12; 1, 18.09. Found: C, 60.10; H,6.32; I, 17.95).

It is pertinent to mention that after this sage the further work was carried out aong
with my colleegue Shri Hotha Srinives and it would dso form a pat of his thess The detals
of the work will be presented there.  The iodo derivaive 16 on exposure to activated Zn in
iPFOH : H,0 (9:1) a 80°C for 30 min. provided the dkend derivative 17.** The presence of
ddehyde proton was dearly indicated by the appearance of a singlet a d 985 in its *H NMR
spectrum. The resonances due to the rest of the protons were in conformity with the assgned

dructure. The reection of ddehyde with vinylmagnesum bromide afforded the di-ene

derivative 18

(Sehemes)

Zn BnO.,.I_
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—_—
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...... 0o ><
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In the 'H NMR spectrum of 18 signds due to termind olefins were dearly observed

in the region of 5-6 ppm. The ring dosng metathess reaction of 18 with Grubbs catdyst?
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followed by alylic oxidation”® with MnO, imparted in the cydohexenone 2 which carries the
thumb impression of the target molecule 1 (Scheme 6). The 'H NMR spectrum displayed the
characteristic a, b unsaturated olefinic protons & d 5.96 (dd) and 6.85 (dd). The resonance
due to the rest of protons were in conformity with the assgned dructure. In addition, structure
of 2 was confirmed by *C NMR spectrum in which the characterigtic olefinic carbons dong
with carbonyl carbon sgnas were located a d 83.19, 146.99 and 193.98 respectively. Further
eementd andyss accounted for the molecular formula of sructure (Caed. for CasHzdOs C,
750; H, 682 Found: C, 7491, H, 7.10). Further sudies are underway to achieve the tota
gynthesis.

In summary, the redm of chiron goproach has degantly been implemented to redise
the advanced template 2 for scyphodain 1. The condruction of diene deriveive through
inheritance of naurd chirdity from D-glucose and Vasdla diminaion lad the ground for
subsequent  carbocycle under the repertoire of RCM. The future work should rday on this

foundation to reach the origind ensemble through appropriate exploitation.
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EXPERIMENTAL SECTION
Methyl (R) 3-O-benzyl-5,6-O-cydohexylidene-a-D-glucofuranoside (7).

Compound 5 (6.6 g, 16.3 mmal) was taken in saturated methanolic HCl (50 mL) and
gently heated for 3 h a 50 °C. The reaction mixture was quenched with triethyl ammine and
concentrated. The resdue was dissolved in ethyl acetate, washed with water, dried (NaSO,)
and concentrated. The crude product was purified on glica gd column chromatography using
ethyl acetate-light petroleumn (1:6) to give 7 (4.14 g, 60 %) as viscous liquid.

[a]p -411° (c 1.6, CHCl5).

'H-NMR (CDClz, 200 MHz): d 160 (m, 10H, 5 x CHy), 265 (br s, 1H, OH), 3.36 (s, 3H,
OCH,), 388 (dd, J = 1.95, 488 Hz, 1H, H4), 403 (m, 2H, CH»6), 4.16 (s, 1H, H2), 434
(m, 2H, H-3, H-5), 464 (d, J = 24 Hz, 2H, CH,Ph), 475 (s, 1H, H-1), 7.32 (m, 5H, Ph).

EIMS m'z (rdl. intensty): 364 (M™, 92), 321 (25), 289 (59), 248 (57), 217 (59), 199 (92), 91
(100).

BCNMR (CDCls, 75 MHZ:d 23.71 (CHp, Cy), 2390 (CH2 Cy), 2506 (CH2, Cy), 3479
(CHz, Cy), 3620 (CH, Cy), 5558 (OCHs), 66.56 (OCH,, C-6), 7209 (OCH.Ph), 73.37
(OCH), 78.71 (OCH), 8222 (OCH), 82.74 (OCH), 109.44 (OCO, Cy), 109.69 (OCHO, G1),
12754 (3x CH, Ph), 128.21 (2 x CH, Ph), 137.86 (C, Ph).

And. Cdcd. for CyH250s: C,65.93; H, 7.69. Found: C, 65.58; H, 7.98.

Methyl (R) 3-O-benzyl-5,6-O-cydohexyledene-2-C-praopenyl-a-D-mannofuranosde (9).

A mixture of 7 (7.8 g, 21.43 mmadl), IBX (7.19 g, 25.71 mmal) in dry DMSO (50 mL)
was dirred a rt. for 6 h. The reaction mixture was then poured into water (100 mL) and
filtered through cdite, washed with diethyl ether (100 mL).The agueous layer extracted with
diethyl ether, the combined organic extracts dried (NaSO,) and concentrated. The crude keto

compound 8 was taken in dry THF (100 mL) and cooled to —10 °C to which Allyl magnesum
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bromide [prepared froml.Og (4285 mmol) of magnesum and 388 g (322 mmol) of dlyl
bromide in dry ether (60 mL)] was added dropwise. The reaction mixture was girred for 30
min., quenched with saturated NH4Cl solution and concentrated. The resdue was dissolved in
ethyl acetate, washed with water, dried (NaSO,4) and concentrated. The crude product was
purified on dglica gd column chromatography usng ethyl acetate-light petroleum (1:19) to
give 9(6.75 g, 78 %) as asyrupy liquid.
[a]p —27.6° (c 256, CHCL).
'H-NMR (CDCl3, 500 MHz): d 165 (m, 10H, 5xCHp), 227 (dd, J = 7.3, 14.3 Hz, 1H, G-
CH=CH,), 237 (dd, J = 53, 143 Hz, 1H, CH,-CH=CH), 338 (s, 1H, OH), 340 (s 3H,
OCHs), 370 (d, J = 54 Hz, 1H, H3), 406 (m, 2H, H6), 414 (m, 1H, H4), 434 (g, J =7.03,
1326 Hz, 1H, H-5), 443 (s 1H, H1), 473 (g, J = 1164, 16.77, 2H, OCH2Ph), 515 (m, 2H,
=CH,), 5.92 (m, 1H, CH=), 7.29- 7.40 (m, 5H, Ph).
BC.NMR (CDCl;, 50 MHz:d 23.72 (CH,, Cy), 2399 (CHj, Cy), 2509 (CH,, Cy), 34.69
(CH2, Cy), 36.34 (CH, Cy), 4020 (CH2-CH=CH,), 5545 (OCHzs), 6643 (OCH., G6), 73.83
(OCH), 7450 (OCH.Ph), 7961 (C, C-2), 8150 (OCH), 10537 (OCHO, C-1), 109.24 (OCO,
Qy), 11860 (=CH.), 27.60 (CH, Ph), 127.96 (2 x CH, Phn), 12818 (2 x CH, Pn), 13242
(CH=),137.81 (C, Ph).
EIMS m/z (rd. intensity): 404 (M*, 12), 257 (5), 239 (18), 203 (26), 167 (18), 156 (47), 141
(200), 91 (87).
And. Cdcd. for CigH2606: C, 68.31; H, 7.92. Found: C, 67.73; H, 8.16.
Ethyl (R) 3-O-benzyl-2-C-propenyl-a -D-mannopyr ancd de (10).

Compound 9 (66 g, 163 mmol) was taken in sauraed ehanolic HCI (50 ml) and
vigoroudy refluxed for 60 h. The reaction mixture was quenched with triethyl amine and

concentrated. The resdue was dissolved in ethyl acetate, washed with water, dried (Na2SOs)
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and concentrated. The crude product was purified on dlica gd usng ethyl acetate-light
petroleum (1:1) to give 10 (4.14 g, 75 %) as acolourless liquid.
[a]p +51.4° (c 2.0, CHCI3).
'H-NMR (CDCl3, 200 MH2):d 1.15 (t, J = 6.83 Hz, 3H, OCH,CH3), 220 (dd, J = 9.3, 137
Hz, 1H, CH,CH=CH,), 244 (dd, J = 4.89, 137 Hz, 1H, G,CH=CH,), 323407 (m, 10H,
OCH,, H-3 H-4, H-5 CHx-6, 3 x OH), 442 (s 1H, H1), 479 (dd, J = 1123 Hz, 2H,
OCH,Ph), 4.97 (m, 2H, CH=CH,), 5.73 (m, 1H, CH=CH,), 7.23- 7.41 (m, 5H, Ph).
BCNMR (CDChL, 50 MHzZ)d 1495 (OCH.CHs), 39.71 (CH,CH=CH,), 6125 (CH,OH),
6324 (OCH:CH3), 67.66 (CHOH, C-4), 7196 (CHOH, CH), 7578 (C-OH, C2), 7642
(OCH,Ph), 8353 (CHOBn, C-3), 10035 (OCHO, C-1), 11817 (CH=CH,), 127.94 (CH, Ph),
128.24 (2 x CH, Ph), 128.43 (2 x CH, Ph), 132.85 (CH=CH,), 138.10 (C, Ph).
EIMS m'z (rd. intensity): 338 (M", 6), 247 (6), 203 (38), 184 (28), 161 (11), 131 (14), 91
(100).
And. Cdcd. for CygH2606: C,63.90; H, 7.69. Found: C, 63.60; H, 8.21.
Ethyl (R) 3-O-benzyl-2-C-praopenyl-6-O- trityl-a -D-mannopyranoside (11).

A mixture of compound 10 (40 g, 11.8 mmdl), trityl-chloride (395 g, 142 mmoal),
DMAP (143 mg, 1.2 mmol) and triethylamine (25 mL, 17.8 mmoal) in CH,Cl, (50 mL) were
dirred for 8 h & 60 °C. TLC showed complete consumption of tarting materiad. The reaction
mixture was then poured into water, extracted with CH,Cl, dried (N&SO,) and concentrated.
The resdue was purified on dlica gd column chromatography usng ethyl acetate-light
petroleum (1:19) to give 11 (6.45 g, 94 %) as viscous liquid.

[a]p +14.8° (c 2.05, CHCE).
'H NMR (CDCls, 300 MHZ): d 115 (t, 3H, J=6.96 Hz, OCH,CHs), 2.29 (dd, J = 88, 139 Hz,

1H, CH,CH=CH,), 251 (dd, J = 55, 139, 1H, CH,CH=CH,), 334 (m, 3H, 2 X H-6, H-5),
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343 (d, J= 879 Hz, 1H, HJ3), 366 (m, 2H, OCH,CH3), 3.83 (t, J = 9.2 Hz, 1H, H4), 446
(s1H, H-1), 474 (dd, J = 117, 1283 Hz, 2H, OCHPh)503 (d, 2H, J=12.8 Hz, CH=CH,),
584 (m, 1H, CH=CH), 7.12- 7.41 (m, 20H, 4xPh).
13C NMR (CDCk, 50 MH2): d 14.97 (OCH,CHs), 39.77 (CH,CH=CH,), 63.19 (OCH,CH>),
6498 (CH,OTr, C#6), 6992 (CHOH, C+4), 7157 (OCH, C-5), 7508 (C-OH, C-2), 7584
(OCHzPh), 82.78 (CHOBn, C-3), 87.16 (OC(Ph)3), 10016 (OCHO, C-1), 11823 (CH=CHy),
127.02 (3 x CH, Ph), 12781 (6 x CH, Ph), 127.90 (3 x CH, Ph), 12835 (2 x CH, Ph),12854
(6x CH, Ph), 132.91 (CH=CH,), 138.36 (C, Ph), 14360 (3x C, Tr).
EIMS m'z (rd. intensity): 580 (M*, 3), 508 (6), 489 (9), 337 (57), 291 (100), 259 (61), 243
(74), 165 (37), 91 (23).
And. Cdcd. for GsH400s: C,76.55; H, 6.89. Found: C, 76.32; H, 6.99.
Ethyl (R) 2, 3, 4tri-O-benzyl-2-C-propenyl-6-O-trityl-a -D-mannopyrancsde (12)

Sodium hydride (650 mg, 60 % disperson in mingd oil, 27.15 mmol) wes added
portion wise to an ice-cooled solution of compound 11 (6.3 g, 10.86 mmol) in dy DMF (25
mL), the resulting mixture was left a rt. for 1 h and benzyl bromide (28 ml, 23.9 mmoal) was
added dropwise & O °C. The reattion mixture was then poured into waer (50ml) and
extracted with ethyl acetate, dried (Na,SO,) and concentrated. The crude product was purified
on dlica gd column chromatogrgphy usng ethyl acetate-light petroeum (L50) to give 12
(7.42 g, 90%) as colourless liquid.

[a]o —14.4° (c 25, CHCly).

'H-NMR (CDCls, 300 MH2):d 1.22 (t, 3H, J=6.96 Hz, OCH,CH3), 240 (dd, J = 88, 14.7 Hz,
1H, (H,CH=CH,), 310 (dd, J = 55, 14.7 Hz, 1H, G1,CH=CH,), 3.26 (dd, J = 44, 99 Hz,
1H, H5), 351 (m, 2H, 2 x H6), 380 (M, 3H), 4.16 (t, J = 951 Hz, 1H), 427 (d, J = 103 Hz,

1H), 456 (d, J = 103 Hz, 1H), 466 (d, J = 11.7 Hz, 1H), 479 (s, 1H, H1), 481 (d, J=125
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Hz, 1H), 492 (d, J = 117 Hz, 1H), 512 (m, 2H, CH=CH.), 590 (m, 1H, GH=CH,), 7.08-
758 (m, 30H, 6 x Ph).
3C NMR (CDCk, 50 MH2): d 1514 (OCH2CHs), 33.92 (CHZCH=CH), 6292 (OCH.CHs),
66.05 (CH,OTr), 7215 (OCH, C-5), 7494 (OCH,Ph), 76.37 (OCH,Ph), 77.0 (CHOBn, C-4),
8012 (C-OBn, C-2), 8494 (CHOBn, C-3), 8626 (OC(PhP)), 10005 (OCHO, C-1), 117.98
(CH=CH,), [126.73, 12710, 127.43127:69,12820] (CH, 6 x Ph), 13305 (CH=CH,), 137.98
(C, Ph), 138.90 (C, Ph), 139.74 (C, Ph), 144.15 (3x C, Tr).
And. Cadd. for Cs;Hs,06: C, 80.52; H, 6.84. Found: C, 79.42; H, 7.29.
Ethyl (R) 2, 3, 4-tri-O-benzyl-2-C-propenyl-a -D-mannopyrancsde (13).

Compound 12 (7.3 g, 96 mmoal) was dissolved in mixture of THF and EtOH (50 mL,
1:1) and 5 ml of IM HCl wes dirred & rit., for 4 h, . The reaction mixture was quenched with
triethyl amine and concentrated. The resdue wes dissolved in ethyl acetate, washed with
water, dried (Na&SOs) and concentrated. The crude product was purified on dlica gd column
chromatography using ethyl acetate-light petroleum (1:9) to give 13 (4.16 g, 86 %).
[a]o —336° (c 3.15, CHCL).
'H NMR (CDCls, MH2): d 119 (t, J = 684 Hz, 3H, OCH,CH2), 2.32 (dd, J =88, 152 Hz,
1H, CH,CH=CH,), 311 (dd, J = 54, 152 Hz, 1H, CH,CH=CH,), 340 (m, 1H), 373 (m,
5H), 403 (t, J = 93 Hz, 1H), 456-5.18 (m, 9H), 582 (m, 1H, G4=CH»), 7.18- 7.38 (m, 15H,
3x Ph).
3C NMR (CDCL, 50 MH2): d 1492 (OCH,CHs), 3326 (CH,CH=CH,), 61.75 (CH,OH, C-
6), 63.07 (OCH2CHs), 66.30 (OCHPh), 7281 (OCH, C-5), 75.02 (OCH:Ph), 76.23 (CHOBN,
C-4), 7630 (OCHPh), 80.01 (C-OBn, C-2), 8454 (CHOBn, C-3), 10012 (OCHO, C-1),
11813 (CH=CH,), [127.06, 127.32, 12751,127.9512824] (15 x CH, 3 x Ph), 1320

(CH=CHy), 138.02 (C, Ph), 13861 (C, Ph), 139.19 (C, Ph).
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EIMS m'z (rdl. intendity): 518 (M*, 5), 427 (17), 381 (20), 337 (7), 293 (48), 231 (64), 181
(100), 91 (57).
And. Cdcd. for CH3s0s: C, 74.13; H, 7.34. Found: C, 73.65; H, 7.45.
Ethyl (R) 2,3,4-tri-O-benzyl-2-C-propenyl-6-deoxy-6-iodo-a -D-mannopyranoside (14).

A mixture of doohal 13 (4.0 g, 7.7 mmoal), PP (6.1 g, 232 mmoal), imadazae (16 g,
232 mmoal) and lodine (39 g, 154 mmoal) in dry toluene (100 ml) was dirred & reflux for 2
h. The reaction was quenched with saturatled NaHCO; solution and the agueous layer was
extracted with ethyl acetate. The organic layer was washed with NaS;0; solution to remove
excess of ioding, dried (Na,SO,) and concentrated. The crude product was purified on dlica
ge column chromatography usng ethyl acetate-light petroleum (1.50) to give 14 (4.6 g,
95%) as viscous liquid.
[a]o +132° (c 2.1, CHCly).
IH-NMR (CDCl3, MHz): d 121 (t, 3H, J = 684 Hz, OCH,CH2), 233 (dd, J = 88, 15.2 Hz,
1H CH,CH=CH,), 308 (dd, J = 54, 152 Hz, 1H, CH,CH=CH,), 326355 (m, 4H), 3.72
3.85 (M, 3H), 4.60-5.17 (M, 9H), 5.82 (M, 1H, CH=CHy), 7.18-7.44 (m, 15H, 3 x Ph).
BCNMR (CDCk, 50 MHz)d 742 (CHul), 1492 (OCH.CHs), 3363 (CH.CH=CH),
63.22(0CH,CH3), 66.05 (OCH,Ph), 7167 (OCH, C-5), 7516 (OCH.Ph), 76.30 (OCH,Ph),
80.05 (CHOBN, C-4), 8038 80.12 (C-OBn, C-2), 8457 CHOBn, C-3), 10008 (OCHO, C-1),
11802 (CH=CH,), [12692, 127.14, 127.39, 127.8127.9812824] (15 x CH, 3 x Ph), 13254
(CH=CHy,), 137.94 (C, Ph), 138.42 (C, Ph), 139.34 (C, Ph).
FABMS m'z (rdl. intensity): 628 (M*, 2), 537 (10), 491 (12), 429 (43), 389 (100), 293 (65),
231 (40), 181 (90), 91 (45)

Andl. calcd. for CaoH37 Os: C61.14; H, 5.89, 1, 19.16. Found: C, 60.95, H; 6.10, |, 18.75.
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Ethyl (R 2,3,41ri -O-benzyl-2-(2,2-dimethoxy-1,3-dioxalanmethyl )-6-deoxy-6-iodo-a -D-
mannopyranodde (14).

A mixture of dkene 14 (45 g, 7.11 mmadl), AD-mix-a (8.25 g) was taken in mixture
of '‘BUOH & H,O (70 ml, 1:1). The reaction mixture was sirred vigoroudy for 24 h a& 0 °C,
guenched with NaHSO3; solution and concentrated. The resdue was extracted with ethyl
acetate, dried (NaSO4) and concentrated to give required diol 15. The crude compound 15 was
disolved in CH,Cl, (25 ml), DMP (5 ml) and cadytic amount of p-TSA. The reaction
mixture was dirred for 30 min. a rt., quenched with triethyl anmine and concentraied. The
resdue was dissolved in ethyl acetate, washed with water, dried (NaSO4) and concentrated.
The crude product was purified on dlica g column chromatography using ethyl acetate-light
petroleum (1:20) to give 16 (4.14 g, 75 %).

[a]b +215°(c 1.3, CHC).

'H NMR (CDCls;, 200 MHZ)d 123 (t, J=684 Hz, 3H, OCH.CHs), 129, 1.38 (2s 6H,
(CHs):C), 1.76 (dd, J = 7.8, 152 Hz, 1H), 2.79 (dd, J = 39, 15.2 Hz, 1H), 3.25-351 (m, 5H),
3.72-40 (m, 4H), 421 (m, 1H), 452-5.11 (m, 7H), 7.14 7.46 (m, 15H).

BCNMR (CDCh, 50 MHZ:d 7.31 (CH.l), 1492 (OCH.CHs), 2565, 2675 (2 X CHs,
(CH3)C), 3245 (CH, C-7), 6292 (OCH,CHg), 66.38 (OCH,Ph), 7046 (CH,O, G9), 71.34
(OCH, C-8), 7156 (OCH, C5), 7538 (OCH.Ph), 76.38 (OCHzFh), 79.39 (CHOBn, C-4),
8012 (C-OBn, C-2), 8446 (CHOBn, C-3), 10019 (OCHO, C-1), 10802 (OCO), [127.10,
12754, 127.76, 12802, 12835 (15 x CH, 3xPh), 137.7654 (C, Ph), 13828 (C, Ph), 13923
(C, Ph).

FABMS mz (rd. intensity): 702 (M*, 5), 611 (8), 565 (12), 507 (9), 401 (30), 367 (78), 318
(93), 305 (100), 247 (65), 127 (90), 91 (65).

And. Cdcd. for (CssHad Or): C, 59.82; H, 6.12, 1, 18.09. Found: C, 60.10, H, 6.32, 1, 17.95.



78

(25,4S,55,8R)-4,5,6-tri-Benzyloxy-1,2-isopr opylidene-4-(1-formyl)-odt -8-en-1,2-diol (17).

The iodo deivative 16 (4 g, 569 mmol) was heated to reflux with the activated Zinc
(86 g, 569 mmd) in mixture of 2-propanol and waer (9:1) for 0.5 h. The zinc was removed
by filteration, washed with diethylether and the combine organic layers were washed with
water, dried (Na;SO,) and concentrated. The resdue was purified on dlica gd column
chromatography using ethyl acetate-light petrodeum (120) to give 17 (256 g, 85 %) as
visoous liquid.
'H NMR (CDCls, 200 MHz): d 1.24, 1.30 (25, 6H, (CHs).C), 1.59 (dd, J = 8.03, 17.4 Hz, 1H,
H-3), 205 (m, 1H, H3), 325 (t, J = 8.20 Hz, 1H, H1), 390 (t, J = 750 Hz, 1H, H1), 401
(d, J = 35 Hz, 1H), 410-4.20 (m, H), 4.25, 456 (Abg, J = 11.80 Hz, 2H, OCH.Ph), 4.42 (br
s, 2H, OCHAPh), 473, 492 (Abg, J = 11.32 Hz, 2H, OCH Ph), 5.30 (m, 2H, =CH,), 5.88 (m,

1H, CH=), 7.22-7.44 (m, 15H), 9.85 (s, 1H, CHO).
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CHAPTER-3

SECTI ON-

HYDROLYTIC KINETIC RESOLUTION
OF A STYRENE OXIDE DERIVATIVE: A PRACTICAL
SYNTHES SOF OPTICALLY PURE (R)-(-)-PHENYLEPHRINE

HYDROCHLORIDE
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INTRODUCTION

In mogt cases hidlogicd systems, recognize the members of a par of enantiomers as
different substances, and the two enantiomers will dicit different responses.® The importance
of chirdity in the context of the biologicad function has been fully appreciated and therefore
efforts toward the devdopment of technology for the synthess of chird compounds with
commercid viability have been one of the mgor objectives of many researchers. The vigta of
asymmetric synthess dates back to 1890, with Emil Fscher's remarkable piece of chemicd
research on the cyanohydrin reaction in sugar units’. Synthetic chemists have ever since taken
it as a chdlenge to induce chirdity in a molecule. Among various methods, enantiosdective
cadyds has brought a revolution in asymmetric synthess. Sddom has there been an area of
chemigsry where the sdientific goas are so chdlenging, the economic benefits so obvious, and
the ethica reason for doing the reseerch so compdling.

Until recently, it was common practice for a pharmaceuticd company to market a
chird drug as the racemate®. In many cases the desired activity resides soldy in one of the
enatiomer”.  The mirmor image emattiomer is ether totdly inecive or caries some
undesireble properties that have been tolerated as an unavoidable necessity.” This approach in
effect meant that each dose of a drug was contaminated with an equa weight of other isomer,
which usudly had no thergpeutic value, but had the potentid to cause unsuspected deeterious
sde effects. Activities of enantiomers of some drugs are depicted in Tade-l. Probably the
most wdl known and tragic example of a drug where the isomers causes sious effects is
thdidomide, which was s0ld in the market in 1960s as a seddive and adminitered as a
racemate.  Unfortunately, it was not known during that period the (S)-enantiomer is highly
teratogenic and causing profound birth defects in babies born to mother usng the drug.® In
the case of ehambutdl, it is the (SS)-isomer that is an active turberculogatic wheress its

(RR)-enantiomer causes optica neuritis that can result in blindness. Smilarly, racemic



Table 1: Drugsthat have different activitiesfor different isomer

(R)-Thalidomide
Sedative

\E>/H 'ﬂ

HO ds N

.IN/\/ IK\OH
||_| H Et

(S,S)-Ethambutol
Tuberculastic

NH,
m

(R)-Atenolol
Hypertension, Angina

O/\/\NJ\
ol

(S)-Propranolol
Beta-Blocker

N

HO"

OH

OH
NHCOCH,Cl
O,N

(R,R)-Chloramphenicol
Antibacterial Typhoid

(S)-Thalidomide

Teratogen
H
Et/,' H |
HO P N
\/<I}I/\/ %\ OH
H Et

(R,R)-Ethambutol
causes blindness

H,N
m

(S)-Atenolol
Lower heart rate

)\ll\l/\:/\o
" TCC

(R)-Propranoilol
Vaginal contraceptive

A

IHOI

OH

HO

ClH2COCHN
NO2

(S,S)-Chloramphenicol
Inactive

aenolol is presantly being marketed for the trestment of hypertenson, angina and has shown

promise in the trestment of post myocardid infarction where as the (S) isomer has recently

been found to present the occadond dde effect of a lowered heat rate sometimes

encountered with the racemate.
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The enantiomer of most drugs are metabolized by different biochemicd peaths and a
different rates. Therefore, it is virtudly imposshble to follow the biochemicd fae and actions
of the individua isomers when the dose is a racemic mixture. There are dso differences in
how individuals react to the R and Sforms of adrug.®

Introduction of new regime of drug substances in consumer market has become
increesngly difficult dnce the implemettation of new regulaions by Food and Drug
Adminisration, USA. The number of single enantiomer drugs are steadily increasing
because of better safety and efficacy of single enantiomer over its racemate. Approvd for
racemic mixture is dmost impossble unless it is proven beyond doubt tha the racemae
digplays no undesrable dde effects and is safe for human consumption.  Although
enatiomers  are chemicdly indiginguisheble, the chird nature of the biologicd milieu
induding plasma protein binding dStes, enzymes and receptors recognizes them as disrete
goecies leading to pharmecologica differences. Examples in table-I clearly demondrate the
chira recognition.?

It is petinent to mention the different methods to obtan enantiomericdly pure
compounds, which incdude dasscd opticd resolution via diagereromers, chromatographic
separdion of enantiomers, enzymatic  resolution, chemicd kinetic resolution and asymmetric
synthesis.

The enatiosddive technologies, which utilize chemo and bio-catdysts for asymmetric
induction can be successfully tranderred to the indudrid gpplications, provided they ae (i)
effident by route sdection (ii) economicdly viable and (iii) environmentdly benign. Cadys
efficiency is dso the crucid factor in terms of (i) catdyst sdectivity (ee) (i) catdys
productivity (turn over number) (iii) catayst activity (turn over factor) and (iv) availabity and
cost.There is a great ded of importance ateched to the preparation of chird building blocks

as they are verstile darting maerids for the preparation of complex bicactive molecules. In



&
this doman, epoxides due to ther esse of formation and ready reectivity towards
nucleophiles, ae important dating materids and intermediates in - organic  synthesis
Opticaly active epoxides have atracted much atention as versdile intermediates® for the
gynthess of a wide vaiety of chrd compounds, for example, bidogcdly active
compounds’® such as prococene |l derivatives as sdective cytotoxic agent of insects™ or
medicind compounds for the remedy of hypertenson and asthma®? and functiond organic
materids such as ferrodectric liquids etc.’® However, termind epoxides are arguably the most
important subclass of these compounds and no generd and praecticd method exigs for their
production in enantiomericaly pure form. Termind epoxides are avalable very inexpendvey
as racemic mixture, and kindtic resolution is an atractive drategy for the production of
opticdly active epoxies with an economicd and opediondly sSmple method.  Jacobsen
described,** a practicdl route to enantiomericaly enriched termind epoxides following a

hydrolytic kinetic resolution usng Smple chird cobalt based Sden complex.

[Scheme 1)

|
Ne N R ) R
P vl A g
O H20 © OH

OAcO H O

>99% ee >99% ee

(R,R)-A

This process uses water as the only reagent, no added solvent, and low loadings of a
recycdable caidys (<05%). It affords highly vauable enantiomeric enrichment (Scheme 1),
which are vauable chird building blocks of demongtrated utility for organic synthesis®® As
wae is effecting the kindic resolution, this resolution is named as hydrolytic kingic

resolution (HKR).
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Among drugs sympahomimetic agents are of potentid interest to synthetic organic
chemists because they have actions smila to those which follow simulation of
postaganglionic sympathetic or adrenegic nerves Mog of the phenylethylamine drugs such as
dopamine, adrendine, phenylephrine ec. are having sympathomimetic activity and show
effect on cardiac, metabolic aswell as central nerves system stimulation. ™

In the family of sympahomimetic agent, (R)-phenylephring, an adrenergic agent is an
important drug with strong a-agonigtic activity as a vasocongrictors and a decongestant. (-
phenylephrine is known to produce mydriacin without cydopleyia in the eye It has dso been
used to mantan blood pressure during anesthesia®’ Although many nonchird syntheses of
phenylephrine hydrochloride have been reported, the asymmetric synthess has been largely
neglected. This chapter describes the practicd synthesis of (R)-phenylephrine  hydrochloride,
usng hydrolytic kinetic resolution of a Styrene oxide derivative. It is gppropriste to discuss
about the related work before describing the present work.
Erng’s approach:

Emnst et al®® synthessed dl-phenylephrine using  Schroeter's  reection  involving
isomerisation of m-hydroxy acid azides (3) to oxazolidones (4), which can be manipulated to
get di-phenylephrine. They have synthesised phenylephrine hydrochloride (1) darting from

mhydroxy benzadehyde (2) as shown in the Scheme 2.

Scheme 2 I o
OH O OJ\NH
CHO oF oH HCI
t
N
BnCl HNO, (Me),SO, 0 Me
BrznCH,COOEt NH>NH, HCl, Pd
OH OBn OBn

2 3 4 1
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Ravdd’ sapproach:
Ravdd et al*® reported synthess of d-phenylephrine hydrochioride (1) from m
nitroacetophenone (5. Compound 5 was converted to mhydroxyacetophenone which in turn

was converted to dI-phenylephrine as depicted in the Scheme 3.

[Scheme 3]
L | O O
CH;  Raney Ni/NaNO , CH, |) Bz-Cl, Py, CHCI 4
_—
||) Br,, CHCl 3
OH OBz

NO,
5
o} OH HCl
N({Bn)Me N
HN(Bn)Me 5% Pd-C/H, H Me
B
Benzene HCl, MeOH
OBz OH
8 1

Britten’ sapproach:

Britten e a?® synthessed the styrene oxide (10) from mbenzyloxybenzaldehyde (9)
by the trestment of sulphonium methylide The epoxide (10) was treated with methylamine
folowed by debenzylaion to give phenylephrine hydrochloride (1) as demondrated in

Scheme 4.

Scheme 4

CHO CHO Q
K,CO g4, BnBr (CH 3)3S(0)I
_ _
CH3COCH 5 NaH, DMSO
OBn OBn
2 9 10
OH
OH Hol
NHMe N<
ageous MeNH » 5% Pd-C/H > H Me
_ _—
MeOH HCI, MeOH
OBn OH

11 1
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Peter’s approach:

Peter e al®* synthesised di-phenylephrine arting from mhydroxy benzaldehyde (2)
by usng of cyanohydrin reaction. Compound 2 on tretment with HCN gave cyanohydrin,
which on reection with HCI/MeOH-H.O gave the ester 12 The ester on treatment with
methylamine and subssquent reaction with LAH followed by reduction with pdC in

methanolic HCl gave phenylephrine hydrochloride (1) (Scheme 5).

(Seheme 9]

OH OH

, HCl
cHo  VBnC i) MeNH 5, MeOH N
ij) HCN COMe iy LialH,, THF H Me
ii) HCI, MeOH, H ,0 ii)) 5% Pd-C/H,
HCI, MeOH
OH OBn OH
2 12 1

Takeda sapproach:

Takeda et al®® reported the asymmetric hydrogenation of 3-benzyloxy-2-(N-benzyl-N-
methyl) aminoacetophenone  hydrochloride (13 with neutrd (2R, 4R)-MCCPM -rhodium
cadys to give 14 which on reduction with PdC under hydrogen amosphere to give (R)-(-)-
phenylephrine hydrochloride (1) in 85% ee.

[Sohemes )

OH
HCI HCI
N(Bn)Me N(Bn)Me
H,/[Rh(COD)CI],

>

(2R,4R)-MCCPM

Et;N, MeOH

OBn 13 OBn 14

HCI

NHMe Cy2P,,.

10% Pd/c, H , i
MeOH ' PPh,
|
OH CONHCH3

1 (2R ,4R)-MCCPM



PRESENT WORK

The growing awareness of chirdity in the context of biologicd activity hes led to the
discovery of many new asymmeric reactions in order to produce drugs and drug
intermediates in enantiomericaly pure forms. Catdytic asymmetric reactions have digtinct
advantages over goichiometric versons for economic and environmental ressons.  Due to
growing concern about chird drugs being s0ld as racemaes, many pharmeceutica industries
ae switching over to produce enantiomericaly pure form of the corresponding chird drug.
Snce its discovery, phenylephirine hydrochloride, a potent adrenergic agent and b-receptor
sympahomimetic drug hes been makeed as (R-enantiomer. This chapter describes a
practicad synthess of (R-phenylephrine hydrochloride (1) usng hydrolytic kinetic resolution

of astyrene oxide derivative as akey step.

1 He

H\Me

OH

(R)-1
Recently, Jacobsen et al® reported hydrolytic kinetic resolution (HKR) of termind
epoxides udng reedily accesshle chird (RR)-cobdt sden complex (A). This process is
prospective in many directions such as no solvent is required; higher catdytic turn over of the
cadys; the recydlisation of the catdyd. It affords highly vauable termind epoxides and 1,2

diolsin good yied and high enantiomeric enrichmert.

Synthess of (R)-(-) phenylephrine hydrochloride (1) wes initialed from mhydroxy
benzddehyde (2), a commercidly avalable inexpensve dating maerid. The phendlic
hydroxy group was protected as its benzyl ether (3) with benzyl bromide and K,CO; in

refluxing 2-butanone. The formation of benzyl ether (3) was confirmed by its *H NMR
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(R,R)-A
spectrum, which showed pesk corresponding to benzylic protons a d 4.70. Our next concern
was to generate the epoxide from the corresponding adehyde through Corey's protocol, aheed
of the chird resolution. Accordingly, reaction of 3 with trimethylsulfoxonium iodide® in the
presence of NaH/DMSO a ambient temperature for 30 min. yielded the racemic epoxide @) in
77% vyield (Scheme 1). In the 'H NMR spectrum of 4 the characterigic Signdls due to epoxy
protons were observed as three doublets of doublet a d 273, 312, 381 The ret of protons
resonated a expected chemicd shift vaues This sets the dage for HKR. For this puropose
(RR)-(-)-[N,N-bis(3,5di-tert-butylsdlicylidene) - 1,2-cycl ohexanediamino] cobalt(l 1) acetate
complex (A) was prepared according to literature procedure.®® The epoxide (+)-4 was then
resolved as per Jacobsen's procedure using (RR)-sdenCo(l11)OAc complex (A) (0.8 mol%)
and water (055 eguivdent) a 0 °C with vigorous dirring. The reaction was monitored by
HPLC with an ODS column (flow rate 1.0 mi/min, wv, 225nm) usng 60% acetonitrile in water
as a mobile phase. Unfortunately, the reaction was extremdy dow and did not reech the
theoreticd completion 50:50 raio of dating materid and product, even dfter saverd days
(Scheme 1). Since smple $yrene oxides have been reported to undergo HKR efficiently within
shorter reaction time, only the innocuous benzyl group should be blamed for its probable
aomaic dagnation and geric-bulky naure to block the access of the dteric-sendgtive cobat

complex to coordinete the oxirane to facilitate hydrolytic opening.
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CHO CHO O
K>CO 3, BnBr (CH3)3S(0)I
2-butanone NaH, DMSO
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OH
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(R, R)-A (8 mol%), OH
_—
H,0 (0.55 eq.),
20 ( q.) +
rt, 60h
OBn OBn
5 6

To drcumvent this problem, the benzyl group was replaced by deicdly less
congestive methoxyethoxymethyl group because of its linearity. Compound 2 was treated
with  N,N-diisopropylethylamine  and MEM-Cl in CHCz for 3 h to provide 3-
methoxyethoxymethyloxy benzaldehyde (7). The *H NMR spectrum of 7 dlearly indicated the
presence of MEM group with characterigic pattern of resonance. The benzadehyde 7 was
then converted into its corresponding Syrene oxide 8 udng trimethylsulifoxonium iodide as
described above (ide infra) in 75% yidd. In the *H NMR spectrum, the corresponding epoxy
protons were observed in the region d 272-3.78. The res of the protons resonated at ther
expected chemicd shifts Compound 8 was subjected to hydroytic kinetic resolution usng 0.8
mol% of catdys A (0.8 mol%) and water (0.55 equiv). This solvent free reaction was girred
a room temperaiure and monitored by HPLC with an ODS column (flow rate 1.0 ml/min,
UV, 225 nm) usng 60% acetonitrile in water as a mobile phase To the much of our
satidfaction, the change of protecting group worked well and the reaction was complete in 60
h. The HRK reaction provided (R)-1-(3methoxyethoxymethyloxy)phenylethylene oxide (9)
(45 %, 97 % ee). Enantiomeric excess of (R-9 was determined at later stage. The 'H NMR

spectrd andysis conclusively confirmed the structure of compound 9. Further, the HKR reac
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CHO CHO
MEM-CL (CH3)3S(0)I
e — >
DIPEA, CH,CH, NaH, DMSO
rt, 3h rt, 0.5h
OH OMEM OMEM
2 7 8
OH
(@] z
(R, R)-A (8 mol%), OH
_— >
H,O (0.55 eq.), +
rt, 60h
OMEM OMEM
(R)-9 (S)-10
97% ee 99% ee

tion provided (S)-1-(3methoxyethoxymethyl- oxy)phenyl-12-ethane diol (10) (48% vyidd, 95
% ee). In its '"H NMR spectrum of diol (10), the characteristic signas due to two hydroxy
groups were diginctly visble as broad snglets a d 2.38, 2.90 respectively. The H22 and
H-1 protons were located in the region d 3.60-3.77 (M) and 4.77 (dd) ppm respectively. Pesks
corresponding to rest of the protons appeared a expected chemicd shift vaues. The gructure
was further confirmed by HRMS andyss, which showed the highet mass pesk a m/z
243.1243 (M *+1) (Calcd. for C1H1¢0s: 243.1232).

The enantiomeric excess of the diol 10 was determined by converting into Mosher
eser derivative as shown in the scheme 3. Accordingly, the §)-dd 10 was trested with 1
equiv. of TBDMSCl to provide 11, which was subjected to edterificaion usng (R-MTPA
add [(R)»-(a,a9-methoxytrifluoromethylphenylacetic  acidl, DCC and DMAP (5 mg) in
CH.Cl, to give corresponding eder derivative (SR)-12 Similaly, recemic (RS R-12 was
dso prepared by treating ()-11 with ®-MTPA acid. The *H NMR and F NMR spectrd

andysis of (SR)-12 and (RS R)-12 confirmed the 95 % enantiomeric excess of the S-dd 10.
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OH OH OMTPA
- OH - OTBS : OTBS
TBSMS-CI (R)-MTPA acid
Imidazole, CH ,Cl, DCC, DMAP
CH.Cl,,0°C,1h
OMEM rt, 1h OMEM =2 OMEM
(S)-10 11 (S, R)-12
OH OMTPA
OTBS OTBS
(R)-MTPA acid
_—
DCC, DMAP
CH,Cl,0°C,1h
OMEM zr2 OMEM
(£)-11 (RS, R)-12

The (R)-epoxide 9 was trested with methylamine in methanol to provide the N-methylamino
dooho derivaive 13 (90 % vyidd, 97 % ee). The presarce of N-methyl group was dearly
indicated by the appearance of a doublet & d 253 dong with upfidd <hift in H-2a and H-2b
protons carying N a d 276 and 288 ppm in its '"H NMR spectrum. All other protons
resonated a ther expected chemicd shift vaues In addition, the molecular formula 13 was
further confirmed by HRMS andyss which shows the molecular ion pesk & m/z 2551478
(M¥) (Cacd. for GaHNO,: 255.1470). The enantiomeric excess of (R)-13 was confirmed by
converting into its Mosher edter derivaive. Accordingly, the compound 13 was treated 1
equiv. of (Boc),O to provide R-14, which was then conveted into opticdly pure (RR-N-
Boc-MTPA eder following the conventiond method. Smilaly racemic (3)-13 was
transformed into RS, R-N-Boc-MTPA ester (15). Compaison of the *H NMR and °F NMR
goectrd andyss of (R, R-15 and RS, R-15 concusvely confirmed 97% ee for the parent
compound (R)-13. Removd of the methoxyethoxymethyl (MEM) group with concomitant

hydrochloride formation occur red in one step when compound 13 was heated under reflux in
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OH OH
NHMe N(BOC)Me
(BOC),0, Et3N (R)-MTPA acid
e S —
CH,Cl,, rt, 0.5h DCC, DMAP
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OH OMTPA
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S ——
DCC, DMAP
CH4Cl5,0°C,1h
OMEM OMEM
(#)-14 (RS, R)-15

OMTPA
N(BOC)Me

OMEM

(R, R)-15

methandlic HCl for 1 h to provide 1 in 90 % yidd (Scheme 5). After recryddlization in 2

propand, 1 was obtained as a white crystdline solid. The *H NMR spectrum in DO and the

optica rotation data were comparable to the literature vaues®® [M.P. 141 °C; lit*? mp. 141-

144 °C; [a]o-2L0 °C (C 1.26, MeOH), lit. [a]p-215 °C (C 1.0, MeOH)]. Based on optica

rotetion, enantiomeric excess of (R)-(1) was determined as 97.6% ee.

[Schemes)

NHMe
CH 3NH 2/ MeOH HCV MeOH
rt, 2h reﬂux 1h

OMEM OMEM

(R)-9 13

Conduson

OH Hel
N
QA/H\Me
OH

(R)-1

In summary, an efficent and practicadly viable method for the synthess of (R)-(-)-

phenylephrine hydrodoride (1) involving hydrolytic kinetic resolution technique has been

described.



EXPERIMENTAL SECTION
(3-Methoxyethoxymethyloxy)benzaldehyde (7).

To a dirred solution of mhydroxybenzadenyde (2) (200 g, 1639 mmoal) in dry
CH,C, (200 mL) & 0 °C, were added diisopropylethylamine (424 mL, 327.8 mmol) and
MEM-Cl (224 mL, 1966 mmol). After 3 h, the reaction mixture was washed with weter
(100mL). The organic layer was dried (NaSO,), concentrated and the residue purified on
dlica gd ocolumn chromatogrgphy by duting with EtOAc-light petroleum (1:9) to furnish
compound 7 (31.0 g, 90% yidd) as a colourless liquid.

'H NMR (CDCl3, 200 MHz): d 3.27 (s 3H, OCHs), 347 (t, J = 45 Hz, 2H, OCH,CH,OCH),
375 (t, J = 45 Hz, 2H, OCH,CH,OCH;), 525 (5 2H, OCH.0), 7.20-750 (m, 4H, Ar), 9.89
(s 1H, CHO).

1-(3Methoxyethoxymethyloxy)phenylethylene oxide (8).

To a dirred suspenson of NaH (60% disperson in oll, 57 g, 1428 mmal) in dy DMSO (40
mL) a 0 °C, was added trimethylsulfoxonium iodide (314 g, 1428 mmol). After 15 min,
compound 7 (250 g, 1190 mmal) in DMSO (50 mL) was introduced. The reection was
dirred for 30 min. a room temperature, diluted with water (100 mL), and extracted with
diethyl ether (2 x 200 mL). The organic layer was washed with brine (100 mL), dried
(Na2S0O4), concentrated, and the resdue duted through a pad of dlica gd with EtOAclight
petroleum (1:9) to give 8 (20.0 g, 75%) as a colourlessliquid.

'H NMR (CDCl3, 200 MHZ): d 272 (dd, J = 2.1, 64 Hz, 1H, H2a), 309 (dd, J = 43, 6.4 Hz,
1H, H2b), 336 (s 3H, OCHy), 353 (t, J = 42 Hz, 2H, OCHCH,0), 3.78 (m, 3H, H-1 and
OCH,CH0), 5.23 (s, 2H, OCH,0), 6.86-7.27 (m, 4H, Ar).
(R)-1-(3-Methoxyethoxymethyloxy)phenylethylene oxide (9) and

(9)-1-(3-Methoxyethoxymethyloxy)phenyl - 1,2-ethanediol (10).
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A dirred solution of the epoxide @)-8 (18.0 g, 80.3 mmol) and RR)-sdenCo(ll11)OAc
complex A) (043 g, 0.64 mmol) was cooled to 0 °C. Waer (0.8 mL, 44.2 mmol) was added
dropwise over a period of 1 h. The reaction mixture was then stirred at room temperature for
60 h, diluted with ethyl acetate (100 mL), dried (N&SO,), and concentrated. [TLC: ethyl
acetate-light petroleum (3. 2), Ry = 0.8 for compound 9 and R = 0.2 for compound 10]. The
brownish resdue was chromatogrgphed on dlica ge usng ethyl acetate-light petroleum. The
(R)-epoxide 9 (81 g, 45 %, 97 % ee) was duted with (1:9) mixture of ethyl acetate-light
petroleum as a colourless liquid followed by (§)-dd 10 (9.3 g, 48 %, 95 % ee) with (1:1)
mixture of ethyl acetate-light petroleum asasyrup.
Compound 9
[a]p -13.14° (c 1.34, CHCE).
Compound 10
[a]p +34.44° (C 1.49, CHCL).
'H NMR (CDCls, 200 MHz): d 238 (br § 1H, OH), 290 (br s 1H, OH), 3.36 (s, 3H, OCHp),
355 (t, J = 45 Hz, 2H, OCH,CH,OCHs), 3.60-3.77 (m, 2H, CH,-2), 381 (t, J = 45 Hz, 2H,
OCH,CH,OCHy), 477 (dd, J = 34, 68 Hz, 1H, H-1), 527 (s 2H, OCH,0), 693-7.30 (m,
4H, Ar).
EIMS m/z(rd. intensity): 243 (M*+1, 6), 212 (M*-30, 13), 136 (6), 89 (87), 59 (100), 45 (15).
HRMS (El): Calcd. for (CpoH1e0s, M +1): 243.1232. Found 243.1243.
(9-2-(tert-Butyldimethylsilyloxy)-1-(3-M ethoxyethoxymethyloxy)phenyl -1-ethanol (11).

To an ice cooled mixture of compound 10 (0.2 g, 0.83 mmol) and imidezole (0.11g,
165 mmal) in dy CHCl, (10 mL), was added TBDMSCI (0.12 g, 0.83 mmol). The reaction
mixture was dirred a room temperature for 1 h. The reaction mixture was washed with water,
dried over NaxSOs, concentrated and purified by slica gd column chromatography usng

ethyl acetate-hexane (1:3) as duent to afford 11 (0.27 g, 92%) as aviscous liquid.
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'H NMR (CDCls, 400 MH2): d 0076 (s 6H, (CHs),S), 091 (s 9H, (CHs)sCS), 296 (s 1H,
OH), 296 (s 1H, OH), 339 (s 3H, OCH3), 350-3.62 (m, 3H, H23 OCH,CH,0), 3.78 (dd, J
= 31, 123 Hz, 1H, H2b), 383 (t, J = 45 Hz, 2H, OCHCH20), 437 (dd, J = 35, 6.7 Hz, 1H,
H-1), 5.27 (s, 2H, OCH-0), 694-7.27 (m, 4H, Ar).
(SR’)-2(tert-Butyldimethylslyl oxy)- 1-(3-methoxyethoxymethyl oxy)phenyl ethyl(2meth
oxy-2-phenyl)trifluor cacetate (12).

To an ice cooled mixture of compound 11 (100 mg, 028 mmad), DCC (68 mg, 0.33
mmol) and DMAP (5 mg) in dy CHXCl,; (5 mL) was added (R-MTPA add [(R)-(a, a’)
methoxytrifluoromethylphenyl acetic acid] (78 mg, 0.33 mmoal). The reection mixture was
dirred & room temperaiure for 1 h. After completion of the reection, it was diluted with
CH.C,, washed with water, dried over NaSO, concentrated and purified by sSlica gd
column chromatogrgphy using ethyl acetate-hexane (1:9) as duent to afford 12 (152 mg, 95
%) as acolourless liquid.

'H NMR (CDCl3, 400 MHZ): d -0.05 (2s 6H, (CHy)-S), 0.83 (s, 9H, (CH3)sCS), 336 (s 3H,
OCH.CH20CH3), 349 (s 3H, OCH3), 353 (t, J = 45 Hz, 2H, OCH2CH:0), 374-392 (m,
4H, CH,OTBS, OCH,CH,0), 5.25 (s, 2H, OCH0), 602 (m, 1H, CHOMTPA), 7.02 (m, 3H,
Ar), 7.26 (m, 1H, Ar), 7.35 (m, 3H, Ph), 7.50 (m, 2H, Ph).

(R)-1-(3-Methoxyethoxymethyloxy)phenyl -2-(N-methyl)amino- 1-ethanal (13).

Compound 9 (8.0 g, 35.7 mmol) was treated with dry methanol (60 mL) saturated with
methylamine gas and dirred & room temperaure for 2 h. The reaction mixture was
concentrated to give 13 (8.1 g, 90%) asaviscousliquid.

'H NMR (CDCls, 400 MHZ): d 253 (d, J = 4.2 Hz, 3H, NCHs), 2.76 (m, 1H, H2a), 2.88 (m,
1H, H2b), 3.36 (s, 3H, OCHs), 358 (t, J = 45 Hz, 2H, OCH,CH,OCHs), 3.80 (t, J = 45 Hz,
2H, OCH,CH,OCHs), 4.79 (m, 1H, H-1), 5.29 (s, 2H, OCH,0), 6.95-7.23 (m, 4H, Ar).

EIMS miz(rel. intensity): 255 (M*, 3), 237 (12), 148 (19), 89 (52), 59 (91), 44 (100).
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HRMS (El): Caled. for (C1dH21NO,, M*): 255.1470. Found 2551478,
(R)-2-(N-tert-Butyloxycar bonyl-N-methyl)amino-1-(3-methoxyethoxymethyloxy)phenyl
ethanal (14).

The compound 13 (0.2 g, 0.78 mmal) and (Boc)2O (0.21 g, 0.94 mmal) in a solvent
mixture of THF and HO (4 mL, 1.1 ratio) were girred for 2 h a the room temperature. The
solvent was then evgporated and the resdue taken in ethyl acetate and washed with water,
dried over NaSOs and concentrated The crude product purified by slica gd column
chromatography using ethyl acetate-hexane (1:9) as duent to afford 14 (0.26 g, 94%) as a
syrupy liquid.

'H NMR (CDCl3, 400 MHz): d 1.49 (s, 9H, (CH3):CCO), 2.82 (s 2H, CH:zN), 3.38 (s, 3H,
OCHj), 358 (t, J = 46 Hz, 2H, OCH,CH:0), 3.82 (t, J = 46 Hz, 2H, OCH,CH0), 4.89 (br s
1H, H-1), 5.28 (s, 2H, OCH,0), 6.92-7.29 (m, 4H, Ar).

(R,R’)-[2(Nt-Butyloxycar bonyl-N-methyl)amino-1-(3-M ethoxyethoxymethyloxy)phenyl]

ethyl (2methoxy-2-phenyl)trifluor oacetate (15).

To an ice cooled mixture of compound 14 (100 mg, 028 mmal), DCC (69 mg, 0.33
mmol) and DMAP (5 mg) in dy CHxXCl> (5 mL) was added (R-MTPA add (79 mg, 0.33
mmol). The reaction mixture was dirred a room temperature for 1 h. The reaction mixture
was washed with water, dried over Na,SO,, concentrated and purified by dlica gd column
chromatogrgphy usng ethyl acetate-hexane (2:8) as duent to afford 15 (149 mg, 93%) as a
viscous liquid.

'H NMR (CDCl;, 400 MH2): d 1.43 (s, 9H, (CH3)CCO), 279 (s, 2H, CH;N), 333 (s 3H,
OCH,CH,0OCH3), 353 (m, 5H, OCH,CH,O, OCHjs), 3.79 (t, J = 45 Hz, 2H, OCHCH0),
520 (s 2H, OCH20), 6.08 (br s 1H, H-1), 690 (m, 3H, Ar), 7.22 (m, 1H, Ar), 7.35 (m, 5H,

Ph).



(R)-Phenylephrine Hydrochloride (2).

To a solution of 13 (80 g, 31.4 mmoal) in methanol (80 mL), was added concentrated
HCl (2 mL). The reaction mixture was hested under reflux for 1 h, concentrated and the
resdue crysdlized from 2-propanoal to afford 1 (5.7 g, 90% yield) asasolid.
M.P.; 141 °C, (lit?*° M.P.: 141-145° C).
[a]o 44 (c 2.16, H0), lit? [a]p -45.2° (¢ 2.0, HXO).
IH NMR (D,O, 400 MH2): d 278 (s, 3H, NCHs), 3.28 (m, 2H, H2), 503 (m, 1H, H1), 692-

7.34 (m, 4H, Ar).
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INTRODUCTION

Nucleosde atibiotics are fastinating compounds that show a vaiety of biologicd
adtivities! Ther biologica adtivity is dso wide ranging, induding herbiddd? antibacterid,
antifungd, antitrypanosomd,  antitumor,  antivird  insectiddd, immunogimulating and  often
immunosuppressve  properties. These ae dso found in diverse groups of secondary
metabolites of microbid origin and indude a vaidy of dructurd modifications leading to
intriccte molecules.  Nucleosde antibiotics exhibit such diverse biologicd activities, because
nudeosdes and nudeotides play pleotric roes in mogt fundamentd cdlular  metabolic
pathways such as metabolite cariers, energy donors, secondary messengers and cofactors for
vaious enzymes. Not only nudec acdd synthess but dso protein, glycan and glycoprotein
synthesis leads to nuclecside antibiotics® The protein kinases which are key enzymes for cdl
proliferation and differentiation, reguire nudectides as phosphate donors. As from the above
biologicd evidences it shows nudeosde attibiotics ae potentid candidaes for the
regulation of dl aspects of cdl growth and differentigtion. Because of its important biologica
activities as wdl as our invedigation directed toward the discovery of new antibictics with
herbicida activity, we took up some adenine nudeoside antibiatics.

Herbiddins (1af) aureonudeomydin (2),° and S12245 (3)® dl beongs to a dass of
adenine nucleosde antibiotics compounds with same backbone dructure. Herbicidines were
isolated from strains of Sreptomyces saganonesis.

The herbicidins exhibit herbicidd and antidgd activity, and herbicidin A (18 and B
(1b) as wdl as aureonudemycin (2, ae efficent inhibitors of Xanthomonas oryzae a
bacterium that causes leaf blight infection in the rice crops. Inhibitory effects on seed
germindion and on adgd growth were dso observed, while the groups are markedly non-toxic

to anmds.



NH>
N
<f
O N N/I
1

OR,

Rl R2 RS
Herbicidin A (1a) Me CH,CH=C(CH,OH)CO Me
Herbicidin B (1b) Me H Me
Herbicidin C (1¢) H H Me
Herbicidin C (1d) Me (CH,),CHCHO Me
Herbicidin C (1e) Me CH,CH=C(CH,)CO Me
Herbicidin C (1f) H CH,CH=C(CH,CO H
Aureonuclemycin (2) Me CH,CO Me
$12245 (3) H H H

Fifurel: Structures of herbicidins

The herbicidins encompass a number of interesting structural festures.

Adenine is glycosylated a the 1-b-postion of an unusud sugar, undecose, which has a

tricyclic furano-pyrano-pyran strucure.

The B/C ring junction is hdd as an internd hemiacetd (& C-7) with a C-glycosyl

linkage between (G-5 and C-6).

The C-ring subgtituents dl occupy an axid orientation due to the tricydic dtructure of

the undecose.

Till to date vey few synthess of this type molecule have been reported, which
involved manly the modd dudies and atempts toward the synthess of tricydic core of
herbicidin without adenine moiety.” The recent report by Akira Mastuda et al.® condgtitutes

asthefirg and only totd synthesis of Herbicidine B, which was discussed below.
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The 1-b-D-Xylosyladenine 5-Aldelyde Unit 9 was prepared from 2 -O-Methyl
adenogne (4) as shown in the Scheme 1. The 5-primary hydroxyl group of 4 was protected
by a triphenylmethyl (Tr) group, folowed by inverson of 3-hydroxyl group by Successve
oxidetion-reduction  with  CrO4Ac,Olpyridine and NaBH4AcOH dforded xylonudeoside 6.
The free 3 -hydroxy and 6-amino groups of 6 were protected with TBS and benzoyl groups
repectivdly to give 7. Removad of Tr group of 7 under addic conditions followed by
oxidation with DessMartin periodinane provided 9 which was later on used as an acceptor of

the adol reaction (Scheme 1).

Scheme
NH, NH,
N AN N X
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o N N o\ N
___,To Tro
OH OMe OH OMe OMe
fuisz NHBz fiaz
™o HO OTBS OTBS
OMe OMe OMe
7 8 9

The preparaion of 1-phenylthio-2-uloses (15 was summarized in Scheme 2. Glycd
10 derived from D-glucurono-36-lactone, was trested with NaOMe in MeOH to give 11,
which was on successve treetment with TBDMSCl and TBDPSCl in the presence of
imidazole in DMF folowed by epoxidetion with dimethyl-dioxirane gave the glyco type of
gpoxide 13. Compound 13 was treated with PhSH in the presence of catdytic amount of BFz-
OEt, afforded 14 as an anomeric mixture (Scheme 2). Compound 14 when subjected to Dess

Martin periodinane gave asssted oxidation provided 1-phenyl thio-2-ulose derivaive 15,
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When 15 was trested with Sml, in THF regiosdectivdy gave the corresponding 1-

enolae, which was reedily trgpped with 5-ddehyde derivative 9 to afford the product as an

anomeric mixture 16. Dehydration of the 5-hydroxyl of 16 usng Burgresss inner sdt gave
the enone 17, which was subsequently hydrogenated to give undeculofuranuronyl adenine
derivative 18 (Scheme 3). Deprotection of slyl groups of 18 lead to an internd ketd linkage

between the 3'-and 7'-positions, which spontaneoudy gave herbicidin B (1b).

MeO,
H+15 —>»

o “OMe
TBSO TBSO

TBDPSO""




PRESENT WORK

Herbicidins adorned with novel dructures with dense functiondities are dtractive
targets for synthetic chemids The synthess of herbicidin was a collaborative program
between our group and Prof. Piere snay's laboratory a Ecole normde superieure, Paris,
France. We herein report the synthesis of furan precursor 3 of herbicidin as pat of the
ongoing Indo-French collaborative program.

Retrosynthectic andyds of hebicidin (1) involved initid disconnection of the
centrd cyclic hemiketd to produce the diol 1 (Scheme 1). Close ingpection of this materid
reveds a logicd disconnection of the C5-C6 interglycosidic bond which is goplied by the
presence of the two free hydroxyl groups. These hydroxyl groups suggest that a molecular
tethering and radicd cydization approach result the C-disaccharide. The further
disconnection lead us to the exomethylene nucleosde 3 and the sdenoglucopyranosde 4.
It was envisaged that temporary linking of these two maerids, via a dlaketd ether,
folowed by an 8endo trig radicd cydizaion could provide a route to the herbicdin
cabon skdeton. The work assgned to our laboratory involved the synthess of unsaturated
nucleosde 3. Whose synthesis is described below.

[Scheme 1 | B
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NHBnN
N N
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D-Xyloe (5 was conveted into 1,235tetraO-acetyl-D-xylofuranose (8) by a
seguence involving four high yidding seps On dirring a mixture of D-xylose 6), anhydrous
CuSO,4 and dry acetone in the presence of cataytic conc. H,SO, 1,23 5-d-O-isopropylidene-
a-D-xylofuranose (6) wes obtaned in 84% yidd. The dructure of 6 was confirmed by
comparing of the andytical data reported in the literature®  Sdective hydrolyss of the 350
isopropylidene groups with 08% H2SOs in MeOH followed by conventiond acetylaion
provided the diacetate 7, whose *H NMR spectrum showed two digtinct acetyl methyl singlets

a d 206 and 2.09. The downfidd shift of sgnds due to H5,5' and H3 observed a d 4.14

(dd), 427 (dd) and 522 (d) respectivdy indicated the presence of acetate groups a these

pogtitions.
(Soheme )

. i) 0.8% H,SO4/MeOH 5 5
o/\@ tt, 10h _ AcO ) AGO, ACOH, H,S0,  AcO Canyone
\/ O i) AGO, Py, CH,Cl, o, tt, 4h

\ i, 2h o/\ OAc

6 7 8

Subsequent  hydrolyss of the 1,2-O-isopropylidene group and concomitant acetylation
was caried out by Reist-Goodmann'® method in the presence of AcO/ACOH/H,SO; to yidd
1,2,35-tetraO-acetyl-D-Xylofurnaose (8) as a 1.1 mixture of a and b anomers (Scheme 2). In
the *H NMR spectrum 8, the anomeric protons due to a and b anomers resonated at d 6.38 (d,
J =6.1 Hz) and 6.07 (s) respectively.

The Vorbruggen™ reaction was utilized for the condensation of the sugar moiety with
the purine base. Consequently, the compound tetraO-acetyla-D-xylopfuranose (8 was
ubjected to diastereosdective nudeophilic subgitution of 6-chloropurine (9) a the anomeric

centre in the presence of HMDS, TMS-Cl and SCl; in CHCN a 60 °C to provide the b-
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nudeosde 10 in 72 % yidd. The exdusve formeion of b-isomer can be explaned by the
Lewis add promoted formetion of acetoxonium ion by the participaion of the neighbouring

acetyl group a 2-pogtion.  The mechaniam of the coupling reection is visudised in the

scheme 3.
Cl
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Compound 10 was in agreement with assgned dructure due to comparable spectrd and
andyticd data with those reported in the literature. For example, in the 'H NMR spectrum,
snglets a d 833 and 8.69 (integration for one proton each) were assigned to H2 and H-8 of
the 6-chloropurine moiety. The anomeric proton gppeared & d 6.2 as a doublet with coupling

condant Jva, w2 = 24 Hz. The smdl coupling congtant suggested b-configuration at the
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anomeric carbon. The resonances due to the ret of protons were in conformity with the
assigned dructure. Hydrolyss of the acetate in 10 provided the triol with concomitant
replacement of chloro group of purine by methoxy group under Zemplen's conditions Same
reection dso found to occur with KCO¥MeOH. Success was met only when 10 was exposed
to methandlic ammonia & 0 °C where the required product 11 with chloro group intact was
formed. ® Compound 11 was subsequently protected as its 3, 5-isopropylidene derivative 12
with dimethoxy propane and catdytic PTSA in acetone for 3 h in 84 % yidd. Since hydroxyl
groups a C-2 and G3 are trans, the isopropylidene derivative was expected to form between
C-3 and C-5 hydroxyls only. In the '"H NMR spectrum of 12, the characterigtic signals of
isopropylidene protons were obsarved a d 1.30, 148 as two snglets of three proton each. The
remaning sgnas were in complete agreement with the assgned Sructure, which was further
confirmed by HRMS andyss, which showed the highet mass pesk & m/z 3250704 (M*-1)

(Cdlcd. for C1aH14CIN4Os: 325.0703).

<ﬁ () ¢ )

Scheme 4

_ NHa/MeOH o __DMP,pTSA %
T oc. 120 CHLCOCH 5 11, 3h <
OAc OH OH
10 11 12

The hydroxy group a C-2 of 12 protected as its methyl derivative 13 with Mel and
AgO for 2 h in 86 % yidd® The presence of O-methyl group dearly indicated by the
appearance of asinglet a d 355 in its '"H NMR spectrum.  In addition, the molecular formula
of the sructure was confirmed by HRMS andysis in which highes mass pesk (M*+1) was
observed & mvz 3411025 (Cacd. for CyHi/CINsOs: 341.1016). Deblocking of acetonide

with 0.8% of H,:SO, in MeOH gave the diol 14 in 90% yidd. In the H NMR gpectrum of 14,
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the congpicuous absence of pesks due to isopropylidene group was noted. The structure weas
further confirmed HRMS mass spectrum, in which the highes mass pesk (M™+1) was

observed at m'z 301.0708 (Cdcd. for Ci1H14CIN4O4: 301.0703).

cl
N X
[ J ) <f)“
F
o N N
__AgO,Mel _0.8% H,S0,4_HO OH
\ “oca \ " MeOH, 1t,6h
OH

OMe OMe

Scheme 5

12 13 14

The sdective converson of primary hydroxy group into the corresponding bromide 15
was achieved usng TPP and CBr, in nest pyridine a& 50 °C dbdt in moderae yidd.™
Acetylation of 3-hydroxy group under routine condition gave the acetate derivative 16. The
'H NMR spectrum of 16 reveded the presence of a singlet a d 2.05 due to acetyl group dong

with the 1 ppm downfidd shift of methine proton carying the O-Ac group was cbserved as

the doublet due to H-3 located a d 5.37. The high resolution mass spectral andlyss of 16

showed the molecular ion pesk a m/z 406.0035 (M*+1) (Calcd. for C13H14CIN4O4 406.0043).

Cl
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< f) < ﬁ (1)
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O. N N
HO OH PPh 3, CBr 4, Py Br DMAP Ac 20 Py Br OAC
500C 0.5h CH C|2 15min.

OMe OMe OMe

cheme

14 15 16
The poor yidd in direct brominaion of C-5 hydroxyl group prompted us to deploy the two

dep procedure, i.e. sHective primary tosylaion of 14 with tosyl chloride in pyridine for 6 h in
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85 % followed by protection of 3-hydroxy group as its acetate derivative 17. In the *H NMR

spectrum of 17, the characteristic Snglet due to acetyl group was observed at d 1.98 and tosyl

<f) <jé <A

Scheme
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group was indicated by the sgnds a d 245 (Me), 7.39 and 7.75 (A2B2). The rest of the
protons hed expected chemicd chift vdues The molecular famula of the structure was
further confirmed by HRMS andyss, which showed the molecular ion pesk a mz 4980969
(M™+1) (Cacd. for C20H23CI0;S 498.0975).

The replacement of tosyl by iodo group was achieved by refluxing 17 with sodium
iodide in acetone for 8 h to provide the iodo derivetive 18 in 75 % yidd. In the '"H NMR
spectrum of 18 the conspicuous absence of pesk due to tosyl group was indicated. In
addition, the molecular formula of dructure was confirmed by HRMS andyss, which showed

the molecular ion pesk a Mz 454.9907 (M*+2) (Calcd. for CysH16CIIN,Oy: 454.9904).
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Scheme 7
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Compound 18 was then subjected to eimination of haogenide usng DBU a 80 °C in dy

DMF to provide 4, 5-ene derivaive 19 in 84 % yidd. In the 'H NMR spectrum, the
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characteridic Sgnd due to two exocydic protons were distinctly visble as two doublets a d
460, 4.88, the dructure was further confirmed by its HRMS in which the highest molecular
ion pesk (M*+1) was observed a m/z 3250711 (Cdcd. for CisH14CIN4Os 325.0703). Our
find concen was nudeophilic subdtitution of chloro group of purine 19 which was achieved
with excess of benzylamine in the mixture of THF. HO (8 2) gave the furan precursor 3 of

Herbicidin B (1) with the concomitant hydrolyss of acetatein 78 % yidd.

Scheme 8
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The presence of NHBN group was dearly indicated by a appearance of broad singlet at
d 4.86 for benzylic group and multiplet in the region of 7.22-7.30 for aromaic protons of N-
benzyl group. The remaning sgnds were in complete agreement with the assigned gructure
and while HRMS andyss showed the molecular ion pesk & mz 354.1575 (Cdcd. for

CagH20N50s: 354.1566)

This intermediate was (3) provided to Prof. P. Sinay who is now working into the total

synthesis of herbicidin by the strategy described earlier (scheme 1).7°



EXPERIMENTAL SECTION
6-Chloro-9-(2,3 5 -tri-O-acetyl-b-D-xylofuranasyl)purine (10).

To a dirred susgpenson of 6-chloropurine 9 (728 g, 4716 mmoal) in anhydrous
acetonitrile (300 mL) were successvely added hexamethyldislazane (7.8 mL, 37.73 mmoal),
trimethylslyl chloride (4.7 mL, 37.73 mmol) and dannic chloride (6.66 mL, 5659 mmal).
The temperature was rased to 60 °C. To the resulting clear solution was added tetra
acetylated xylose 8 (15 g, 47.16 mmal) in anhydrous acetonitrile (100 mL) over a period of
15 min. The mixture was heated under reflux for 1 h, cooled to room temperature,
concentrated under reduced pressure, diluted with dichloromethane (500 mL) and poured
into a cold sat. NaHCO; solution (500 mL) with vigorous dirring. The emulson was filtered
through cdite layer, the organic phese separated and the agueous phase extracted with
dichloromethane. The combined organic phase was washed with brine, dried over anhydrous
Na,SO, and evaporated. Subsequent dlica gd column chromatogrgphy using ethyl acetate-
light petroleum (3:7) of theresidue afforded 10 (13.3 g, 72%) as aviscous liquid.

[a]o +62.6° (c 1.2, CHCl3).

'H NMR (CDCl3 200 MHz): d 103, 1.07, 1.13 (3s, 3H each, OAC), 432 (m, 2H, CH,5),
46 (m, 1H, H4), 545 (m, 2H, H-2, H-3), 62 (d, J = 238, 1H, H-1), 833 (s, 1H, H2),
8.69 (s 1H, H-8).

6-Chloro-9-(3,5 -O-isopropylidene-b-D-xylofur anosyl)purine (12).

To a dirred solution of 10 (13 g, 334 mmoal) in mehanol (100 mL) was added
saturated methanolic ammonia (5 mL) a 0 °C. The reection flask was left refrigerated for 12
h. The reaction mixture was concentrated to give the crude product 11 (7.45 g, 83.8 %) as a
white solid, which was dissolved in acetone (100 mL), followed by the addition of 22-

dimethoxypropane (50 mL) and a pinch of pTSA. The reaction mixture was girred for 3 h,
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quenched with triethylamine and concentrated. The crude product was purified on dlica gd
column chromatogrgphy using ethyl acetate-light petroleum (3:7) to give 12 (7.53 g, 84 %)
asacolourlesssolid.
'H NMR (CDCl3 200 MH2): d 1.30, 1.48 (2s, 3H each, (CHs),C), 4.27 (s, 2H, CHy-5), 4.35
(s 1H), 442 (s, 1H), 448 (s, 1H), 55 (br s 1H, OH), 621 (s 1H, H1), 8.71 (s, 1H, H2),
8.88 (s 1H, H-8).
FABMS m/z (rdl. intensity): 325 (M*-1, 10), 213 (15), 185 (20), 59 (30), 43 (100).
HRMS (FAB): Calcd. for (CaHuCINAO4, M*+1): 325,0703. Found 325.0704.
6-Chloro-9-(3,5 -O-isopropylidene-2'-O-methyl-b-D-xylofuranosyl)purine (13).

To a dirred solution of 12 (7.4 g, 227 mmol) in methyl iodide (100 mL) was added
slver oxide (15.7 g, 680 mmoal) portion wise a 0 °C. The reaction mixture was girred for 2
h, filtered through cdite layer and the filtrate concentrated in vaccuo. The resdue was
patitioned between CHCl; and water, organic layer has separated, dried over anhydrous
Na,SO, and concentrated to give 13 (7.74 g, 86%) as a visoous liquid.
[a]o +52.6° (c 0.81, CHCl3).
'H NMR (CDCl3, 200 MH2): d 1.27, 1.39 (25 3H each, (CHy)-C), 355 (s, 3H, OCHs), 3.85
(s 1H), 407 (s 1H), 415 (s 2H, CHx-5), 4.30 (s, 1H), 6.17 (51H, H1), 861 (s, 1H, H2),
867 (s, 1H, H-8).
FABMS vz (rdl. intensity): 341 (M™+1, 100), 325 (10), 187 (13), 155 (18), 109 (15).
HRMS (FAB): Cadld. for (C1aH1sCIN4Os, M*+1): 341.1016. Found 3411025,
6-Chloro-9-(2 -O-methyl-b-D-xylofuranaosyl)purine (14).

To the resdue of 13 (65 g, 190 mmoal) in methanol (100 mL) was added dropwise

0.8 % of H;S0, (25 mL). The reaction mixture was dirred for 6 h, neutrdized with BaCOs,
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filtered through cdite and concentrated. The resdue was purified over a pad of dlica gd
(CHCI3-MeOH =98:2) to afford 14 (5.2 g, 90%) as a solid.
'H NMR (CDCIstDMSO-ch, 200 MH2): d 352 (s, 3H, OCHs), 3.90 (m, 2H, CHx-5), 4.01
(s 1H, H-2), 426 (m, 1H, H-4), 469 (t, J = 7.69 Hz, 1H, H3), 547 (d, J = 512 Hz, 1H,
OH), 621 (s, 1H, H-1), 871 (s, 2H, H-2, H-8).
FABMS vz (rdl. intensity): 301 (M*+1, 100), 211 (5), 155 (74), 136 (39), 107 (15).
HRMS (FAB): Cadld. for (CrsH14CIN4Os, M*+1); 301.0703. Found 301.0708
6-Chloro-9-(5 -bromo-2'-O-methyl-b-D-xylofur anasyl)purine (15).

To a dirred solution of 14 (5 g, 166 mma) in dry pyridne (100 mL) were
successvely added TPP and CBry at 0°C. The temperature was raised to 50 °C. After 1 h,
methanol was added after being irred for 10 minutes. The solvent was evaporated under
vacuuo and the resdue purified on dlica gd column chromaogrgphy usng ethyl acetate-
light petroleum (1:3) to give 15 (2.4 g, 40 %) asaolid.

M.P.: 176 °C.

'H NMR (CDCls, 200 MHZ): d 346-375 (m, 5H, CHx-5, OCH3), 425 (s, 1H, H-2), 435
(m, 2H, H-3, H4), 580 (d, 1H, J = 100 Hz, OH), 590 (s, 1H, H1), 8.26 (s, 1H, H2),
877 (s, 1H, H-8).

6-Chloro-9-(3 -O-acetyl-5'-bromo-2'-O-methyl-b -D-xylofur anasyl)purine (16).

To the mixture of compound 15 (24 g, 6.6 mmal), DMAP (20 mg) and pyridine (3
mL) in CH,Cl, (20 mL), was added acetic anhydride (2 mL) a 0 °C. The reaction mixture
was dirred for 15 min. and the solvent evegporated under reduced pressure. Subsequent slica
gd ocdumn chromatography of the resdue using ethyl acetatelight petroleum (14) gave 16

(254 g, 95 %).
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'H NMR (CDCl; 200 MHz2): d 2.05 (s 3H, OAC), 358368 (m, 5H, CH,-5, OCHs), 4.11 (s,
1H, H2), 468 (m, 1H, H4), 537 (d, J = 25 Hz, 1H, H3), 6.27 (s, 1H, H-1'), 828 (s, 1H,
H-2), 872 (s 1H, H-8).
FABMS mvz (rd. intendty): 406 (M*+2, 100), 404 (67), 360 (10), 325 (9), 250 (57), 191
(54), 155 (67).
HRMS (FAB): Calcd. for (C13H14BrCIN4Os, M™+1): 406.0043. Found: 406.0035.
6-Chloro-9-(3 -O-acetyl-2'-O-methyl-5'-O-tosyl -b-D-xylofur anasyl)purine (17).

To a dirred solution of 14 (4 g, 11.7 mmal) in dry pyridine (75 mL), TSCl (34 g,
17.6 mmoal) was added a 0 °C. The reaction mixture was girred a room temperature for 6 h.
The solvent was evgporaed under vacuo and the resdue passed through slica g column
chromatography using ethyl acetate- light petroleum (3:7) to give 5-O-tosyl derivaive (4.6
0, 88 %) asasolid.
M.P.: 192 °C.
'H NMR (CDCl3 200 MH2): d 243 (s, 3H, PhCHy), 348 (s, 3H, OCH,), 4.17-454 (m, 5H,
H-2, H-3, H-4, CHx-5), 577 (d, J = 1012 Hz, 1H, OH), 589 (s, 1H, H1), 7.26 (A:B2, J
=759 Hz, 2H, Ph), 7.78 (A:B,, J = 7.59 Hz, 2H, Ph), 827 (s, 1H, H-2), 8.72 (s, 1H, H-8).
FABMS vz (rel. intensity): 455 (M*+1, 100), 421 (19), 155 (47), 111 (36).
HRMS (FAB): calcd.for (C1sHa0C0IN4O6S, M +1): 455,0792. Found 455.0780.

To a mixture of 5-O-tosyl derivaive (45 g, 99 mmal), DMAP (20 mg) and pyridine
(3 mL) in CH,C, (50 mL), acetic anhydride (2 mL) was added a O °C. The reaction
mixture was girred for 15 min. and evgporated under reduced pressure. Subsegquent passage
of the resdue through slica gd using ethyl acetate-light petroleum (1:4) afforded 17 (4.6 g,

94%) visoous liquid.
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'H NMR (CDCl3, 200 MH2): d 1.98 (s, 3H, OAC), 245 (s 3H, PhCHs), 358 (s, 3H, OCHy),
413(s, 1H, H2), 433 (m, 2H, CH,-5), 460 (m, 1H, H4), 533 (d, J = 379 Hz, 1H, H3),
6.18 (s, 1H, H1), 7.33 (A2B2, J = 759 Hz, 2H, Ph), 7.79 (A:B2, J = 759 Hz, 2H, Ph), 819
(s 1H, H-2), 8.70 (s, 1H, H-8).
FABMS m/z (rdl. intensity): 498 (M *+2, 17), 497 (M*+1, 74), 343 (100), 261 (25), 227 (34),
175 (80), 129 (85).
HRMS (FAB): Calcd. for (CogHasCINAO,S, M*+1): 498,0975. Found 498,0969.
6-chloro-9-(3 -O-acetyl-5'-l odo-2'-O-methyl-b-D-xylofur anasyl)purine (18).

A mixture of 17 (45 g, 9 mmol) and sodium iodide (6.7 g, 45.3 mmoal) in 2butanone
(100 mL), was refluxed for 8 h and concentrated. The resdue was treated with saturated
sodium  thiosulphate  solution, extracted with ethyl acetate and evgporated under reduced
pressure. Subsequent Slica gel  chromatography using ethyl acetate-light petroleum (1:4) of
the resdue gave 18 (3.1 g, 75 %).
[a]o +6852 (c 1.52, CHCh).
'H NMR (CDCl;, 200 MHZ): d 204 (s 3H, OAc), 341 (m, 2H, CH,5), 365 (s 3H,
OCHy), 4.12 (s, 1H, H2), 471 (m, 1H, H4), 54 (d, J = 25 Hz, 1H, H3), 6.30 (s, 1H, H
1), 828 (s, 1H, H-2), 873 (s, 1H, H-8).
FABMS m/z (rd. intensity): 454 (M™+2, 16), 453 (M ™+1, 100), 299 (39), 176 (5), 155 (37),
127 (14).
HRMS (FAB): Calcd. for (C13H16ClINaOs, M+2): 454.9904. Found 454.9907.
6-Chloro-9-(3 -O-acetyl-2'-O-methyl-4'-eno-b-D-xylofuranosyl)purine (19).

To a dirred solution of 18 (25 g, 6.15 mmal) in dy DMF (25 mL) wes added
dropwise DBU (1.1 mL, 74 mmol) & 0 °C. The temperaure of the reaction mixture was

rased to 80 °C. The reaction mixture was sirred for 2 h a the same temperature, cooled to
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r. and partitioned between ether and water. The ether layer was evaporated and the resdue
on purificaion by dlica gd column chromatography usng ehyl acetate-light petroleum
(2:8) provided 19 (1.99 g, 84 %) esa solid.
M.P.: 184-185°C.
[a]p +84.63 (c 1.23, CHCL).
'"H NMR (CDCl;, 200 MH2): d 2.01(s 3H, OAc), 361 (5 3H, OCHs), 418 (s 1H, H-2),
460 (d, J = 25 Hz, 1H, H5), 488 (d, J = 25 Hz, 1H, H5"), 5.62 (s, 1H, H-3), 6.47 (s, 1H,
H-1), 8.25 (s, 1H, H-2), 875 (s, 1H, H-9).
CIMSm/z (rdl. intensity): 325 (M*+1, 100), 172 (16), 118 (96), 101 (32), 59 (92), 43 (82).
HRMS (Cl): Cacd. for (C1sH14CIN4O,, M™+1): 325,0703. Found 3250711
6-Benzylamino-9-(2 -O-methyl-4'-eno-b-D-xylofuranosyl)purine (3).

To a dirred olution of 19 (1.6 g, 49 mmoal) in the mixture of THF. HO (82 rdio,
10 mL) wes added dropwise benzylamine (2 mL). The reaction mixture was refluxed for 12
h. After evgporaion of the solvert, the reddue was purified on dlica gd usng methanol -
chloroform (2:98) to give 3 (1.35 g, 78 %) asasolid.
M.P.: 210-212 °C.
[a]p +90.1¢ (c 0.93, CHCL).
'H NMR (CDCl; 200 MHZ): d 348 (s, 3H, OCHs), 436 (s 1H, H-2), 443 (s, 1H, H5),
451(s, 1H, H5"), 455 (s, 1H, H3), 486 (br d 2H, NCH,Ph), 6.01 (s, 1H, H1), 6.35 (br t,
1H, NH), 7.22-7.30 (m, 5H, Ph), 7.82 (s, 1H, H-2), 8.35 (s, 1H, H-8).
FABMS vz (rdl. intensity): 354 (M*+1, 56), 322 (15), 282 (52), 226 (100), 186 (27), 159 (14).

HRMS (FAB): Calcd. for (CrgHaoNsOs, M +1): 354.1566. Found 354.1575.,
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