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ABBREVIATIONS

Ac - Acetyl

AcOH - Acdticacid

Ac,O - Acetic anhydride

BnBr - Benzyl bromide

BF3:OEt - Boron trifluoride diethyl etherate
Bl - Benzeneaulfonyl chloride
BTEAC - Benzyltriethylammonium chloride
CA - Camphorsulfonic acid

CuHP - Cumene hydroperoxide

DCM - Dichloromethane

DEAD - Diethyl azodicarboxylate

DMA - N,N’ -Dimethylacetamide
DMAP - N,N’ -Dimethylaminoformamide
DMF - N, N’ -Dimethylformamide
DMS - Dimethylsulphide

DMSO - Dimethyl sulfoxide

DIAD - Diisopropyl azodicarboxylate
DIBAL-H - Diisobutylduminium hydride
DIPT - Diisopropyl tartraie

IBX - lodoxybenzoic acid

LDA - Lithium diisopropylamide

MsCl - Methanesulfonyl chloride
mMCPBA - meta-Chloroperbenzoic acid
PMB - par a-methoxybenzyl

PTSA - par a-Toluenesulfonic acid
TBAI - Tetra-n-butylanmonium iodide
TBTH - Tri-n-butyltin hydride

TEA - Trighylamine

TIP - Titanium tetrakis(isopropoxide)
TPP - Triphenylphosphine

TCl - par a-Toluenesulfonyl chloride



GENERAL REMARKS

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

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

Infrared gpectra were scanned on Shimadzu IR 470 and Perkin-Elmer 683 or 1310
spectrometers with sodium chloride optics and are measured in cmi*

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

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

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

All reections 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 purchased from ACME
Chemica Company, Bombay, India
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ABSTRACT

The thess entitted “synthesis of CMI-977 and analogue, oxindole derivative and
metathess applications” is divided into three chapters. The first chepter deliberates the
gynthetic efforts towards anti-asthmatic lead candidate CMI-977 (section 1) and AZA-CMI-977
(section 11). The second chepter deds with the synthess of oxindole part of schizophrenia
drug Zedox. The lagt chepter incdudes the gpplication of ring dosng metathess in the
synthesisof (R)-4-benzyloxycydopent-2-en-1-one.

CHAPTER |
SECTION-I: Asymmetric synthesis of CMI-977.

The darming rise of ashma condtitutes the biggest mystery in modern hedth care a the
beginning of this century and the exact reasons gill evade the researchers despite the advances
in molecular biology and asthma chemothergpy. This has led to the worldwide intense search
for safer and target-specific drugs for asthma CMI977, (2S59-trans-5-(4-fluorophenoxy)
methyl-2-(4-N-hydroxyureidyl-1-butynyl)tetrahydrofuran (1)  is beng currently developed by

Millenium Pharmaceuticals, USA, as apromising candidate for chronic asthma

O\‘““ o’: O
H H L
F l}l NH,
OH

CMI-977 (1)

The unique dgructurd ensamble, featured with diverse  aubditution and  trans-
juxtapogtioned ring invited the proposa to undeteke a  ‘Sngle enantiomer synthess that
would ddiver the target molecule with reevant dsereochemistry and functiondities
Accordingly, the journey began with D-mannitd (2), which was kedized followed by
oxidative deavage to provide (D)-glycerddehyde synthon (3), which was then converted to

olycdyl ether (9) as described in the Scheme 1.



D-Mannitol (2)
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The CuCN-coordinated opening of 9 with dlylmegnesum bromide and subseguent
mesylation of dcohol afforded 11. The purpose behind the introduction of mesyl group a this

sage was to utilize for dud role, as a protecting group for the next couple of sepsand asa
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leaving group a the required last stage. Ozonolyss of 11, followed by exposure to ethoxyca-
rbonylmethylenetriphenylphosphorane  provided  (B)-ab-unsaturated  ester  (13). Reductive
chemisry of 13 with DIBAL-H provided the dlyl dcohal (14) in 93% yied. This st the stage
for Sharpless Asymmetric Epoxidation (SAE) that would ingdl the second chird centre
relevant to the target.

Asymmetric epoxidation of 14 with CuHP and Ti(dPr)4—[(+)-DIPT] complex gave the
epoxy aoohol, which, in turn, was converted to 16. The centrd transformation, baseinduced

double dimindion-cunrintramolecular  §2 ring annuldion, was invedigated next. The



compound 16 was exposed to n-BuLi a —78 °C, followed by warming to room temperature.

The product was found to be the undesired propargylic diol (18).

Scheme 3
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After this falure, an dternative gpproach was planned. The strategy was to generate
the second stereogenic centre via diastereosdective subdrate biass.  The epoxidation of termina
dkene and ring dosure by intramolecular oxygen nudeophile would result in  hydroxymethyl
tetrahydrofuran that can be further daborated to our required destiny, through oxidation and
Corey—Fuch’s reaction to podtion termind acetylene a G2.  Accordingly, 10a was exposed to
MCPBA in CHxC> and CSA to provide 20, which was oxidized with IBX in DMSO followed
by Wittig-type dibromomethylengtion to aford 22. This dibromoolefin (22) was trested with
n-BuLi to get 2-ethynyltetrahydrofuran (23) [a mixture of 23a and 23b] in 70% yidd. The
mixture of diastereomers was found to be in 7525 raio, the predominant isomer being the
required trans-THF isomer (23a). The moderate dereosdectivity and difficulty in the
sepaation of diastereomers precluded us to advance further as there was no scope for
derivatisation for want of functiondities and recryddlisstion because of liquid date of
product.

We returned to our primordid drategy. We sought to replace mesylate group with

some leaving group that will withstand the basic conditions, to experiment with the racemic
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dating materid (25), eg. benzenesuphonyl group. Reection of 4-fluorophenol  with
epichlorohydrin/K2COz  gave rac-4fluorophenyl glycidyl eher 24, which was converted to
(+)-benzenesulphonate ester @6) in two steps. The entire sequence, in pardld to mesylate ester
scheme, was executed. The criticdl LDA-directed double dimination of epoxymethyl chloride
(29) uneventfully gave the desred rac-2-ethynyltetrahydrofuran (19) and subseguent opening
of ethylene oxide with acetylide anion made homopropargyl dcohol (30). Thus, this racemic
modd became the useful training ground providing the critical information before entering the

red battlefidd, i.e., asymmetric route.
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The glyddyl ether (24) was subjected to HKR conditions to provide )-epoxide (31)
and (Ry-dol (7) in 46% vyidd each. The diol (7) was converted through cydlic orthoester
technology of Sharpless et al. in one pat to the glycidyl ether (9) and then to 32 in two Seps
The olefin (32) was converted to epoxymethyl chloride (37), through a sequence o steps.
Double-dimination was effected by exposure of 37 to LDA to afford THFacetylene derivative
(17). Thus, this centrd transformation uneventfully framed the main skeeton in one pot with
gopropriste  subdtitution and crucid Stereochemidry. Sato’'s protocol was next deployed to
obtain homopropargyl dcohal  (38). Mitsunobu reaction of 38 with N,O-big(phenoxycarbonyl)
hydroxylamine TPP/DIAD gave the urethane derivaive followed by ammonolyss culminaed
in the totd synthesis of target compound 1, identicd in al respects, viz., 'H NMR, 3C NMR,

IR, El, HRMS spectra, speific rotation and meting point with that of authentic sample.
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SECTION-I1: Stereosdective synthesis of AZA-CM1-977
The advent of genomic sciences rapid DNA sequencing, combingtorid chemidry, cdl

based assays and automated high-throughput screening have led to the new paradigm in ‘drug



discovery’ a the dawn of 21% century. Genomic stence, combined with bicinformatic tools
dlow us to dissect the genetic bads of multifectorid diseeses and to determine the mogt
auiteéble points of atack for future medicines, thereby increesing the number of treatment
options. The target-oriented synthess has effectivdy been replaced by diversty-oriented
gynthess in moden drug discovery. In the afteemah of completion of enantiosdective
gynthesis of CMI-977, it was planned to synthesise a library of Smilar compounds, differing in
ring Sze heterostom, sde chain lengthyhomologation efc. Our interes was to synthesse aza-
vaiant of CMI-977 (40), snce nitrogen is an indispensable pat of many naurd products,

indulged in life-making process, mentd control to energy production.

s

AZA-CMI-977 H,
(40)

In the synthetic process the homochird dlyl dcohol (35), a known intermediate, was
converted to its azido derivaive (41) with LiNa.  Asymmetric epoxidetion of 41 with Ti(O-
'Pr)4/(+)-DIPT/cumene hydroperoxide, followed by tosylaion and subsequent exposure to
LiCl in DMF gave epoxymethyl chloride (44). The compound 44 was then tregted with
LDA to obtan propargyl dcohol. However, the mgor isolaed product didn't provide the
dear image over the sructure, as the 'H NMR spectrum was complex and suggested
mixture of compounds formed probably due to destructive decomposition of 44. Hence, we
stopped a this juncture and looked for dternative scheme.

With the fallure of asymmetric route, the quest for conquering the synthess of nitrogen
mimic of CMI-977 soldy reted on “ chiron agpproach’. Essentidly, L-pyroglutamic acid
poses as areplica of asegment of our target, i.e., as chird template, indicating L-glutamic acid

asthe chird progenitor. Before launching the synthesi's, amode study was conducted to probe



the concelvability of the crux of the draegy, the C-C bond formation in the nudeophilic

addition of N-acyliminium ion for dedining the dusve sde chain which was found successful

(Scheme 7).
Scheme 7
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In the gynthetic direction, L-glutamic add (51) was conveted to N-(4-
methoxybenzyl)-2-oxopraline  (52). Treatment of 52 with cadytic SOCl/methandl afforded
methyl eser and subseguent reduction with LiBHs gave 54. The compound 54 was converted
to 59 through a mult-step sequence  tosylatation, subgtitution with sodio  4-fluorophendl,
CAN-mediated unmasking of N-PMB group and protection with di-tert-butyldicarbonate and

reduction with DIBAL -H. This precursor laid the Situation to introduce the gppendage at

C, pogtion via the Lewis add mediged nudeophilic addition to N-acyliminium ion in

diasterensd ective fashion.



When we exposad hemiamind (59) to PhSO,H in DCM as per the literature precedent,
no product was imminent. Hence, we next investigated with 61, obtained from 59 on exposure
to PTSA in mehanal, in accordance with the modd dudies. Exposure of 2-methoxypyrro-

lidine (61) to PhSO,H in CH,Cl, in the presence of CaCl, gave the desired 2 benzenesulphonyl

Scheme 9
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pyrrdidine (60). The compound 60 was reacted with the didkylzinc nudeophile (4-
tetrahydropyranyloxy-1-butynylmegnesum bromide + zinc bromide) to provide THP eher
derivetive, which wes dirred with catdytic PPTS in methanol to retrieve the homopropargyl
dcohd (63). The diagtereomeric mixture was found to be in 87:13 retio (andyticd HPLC).
Trandormetion of 63 into the target molecule 40 was caried out essentidly by the same
Scheme as reported for CMI-977 @). The compound 40 was subgantiated for its structure by

the corrdaive information from *H NMR, ¥C NMR, FABMS and DEPT dudies It was



interesting that chird HPLC indicated only one isomer, whose sereochemistry was established
as trans by NOESY dudies.
CHAPTER-II: Synthesis of oxindole part (CP-88, 059) of antipsychotic drug ‘Zeldox'.

The world hedth orgenization hes predicted that depresson (schizophrenia) will be the
world's largest alment by 2010 after heat falures There is a greater hope now than ever
before for patients with schizophrenia, dthough there is presently no permanent cure for
schizophrenia. The recent thrust in antipsychotic drug devdopment has been to identify targets
with dozepinelike efficacy without its serious toxicity.  FDA, USA, hes goproved the
antipsychotic drug Zddox ® (Ziprasdone hydrochloride) in midgt 2000, and recommended for
fird line thergpy, developed by Ffizer Inc. USA. Zddox is a saotonin and dopamine
antagonist that is effective in tredting the wide range of podtive, negative and depressve

symptoms associated with schizophrenia

Scheme 1
N
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S cl N"~o cl N0
2 3 zeldox H

Hence, we embarked on a programme for a synthetic process under the aegis of Pfizer
Inc. for the oxindole pat (3) of ziprasdone as the discovery route to (3) involved the
hazardous intermediates and expendve resgents. A three-pronged Srategy was crafted for
gynthetic trals 1) initid oxindole formation; second, the introduction of Sde chan; 2)
preferentid Sde chain introduction followed by the condruction of oxindole 3) sSmultaneous

introduction of functiond eements requisite for oxindole and side chain.
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STRATEGY-I AND RESULTS

14-dichlorobenzene (4) was converted into 14-dichlore2-nitrobenzene (5) on nitration
with nitraing mixture Subsequent SVAr reection of 5 with cyanoacetic ester and NaOH
folowed by decarboxyldive hydrolyss with 6 N HCI/AcOH provided phenylecetic acid (6),
which was later ederified with dimethyl sulphae and K>COs in 2-butanone to provide 7.
Reductive cydisation of 7 was effected with HJ/Raney-Ni/ACOH to furnish oxindole (8).
Friedel-Crafts acylation gave 5-acetyl-2-oxindole (9), which was then subjected to Willgerodt
trandformation  (S‘morpholine,  reflux). Unfortunatdly, this reaction retuned only tary
maerid. A saries of modifications were tried, but nothing proved fruitful. The only other
gmilar trandormation, McKillop's protocol for the converson of acetophenone into the
methyl ester of phenylacdtic add with TI(NO3)3.3H,0, dso misxrably faled when we goplied

to our origind substrate.

Scheme 2
C|/©/ /©: /©\/\H/
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STRATEGY-II AND RESULTS

We examined our second drategy, kegping Gassmann reection as a key transformation.
The ocommeaddly avalddle 12-dichloro4-nitrobenzene (11) was conveted to the
corresponding phenylacetic acid followed by reduction with borane (NaBH; and I, in THF) to

give 13. Reduction of nitrobenzene (13) was accomplished with Hz/Raney-Ni/EtOAC/NH4CI.
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With the acquigtion of aniline (14) in hand, the stage was s&t for the introduction of oxindole
moiety.

Although a plethora of methods are available for the aforesaid task, the popular among
them is Gassman's protocol. Accordingly, the compound 14 was exposed to
CH3SCH2COM e/t-BuOCI/EtsN/dilute  HCI. But no product was obtaned. The recent
modifications 1) MeS(=0)CH,CO.Et, (COCl);, DMSO and 2) SO,Cl/proton sponge in place
of t-BUOCI/TEA dso didn't ddiver the product. Under the presumption thet the presence of
OH group would be fad to the formation of azasulfonium ylide, the subsrate 16 was prepared

and exposed to Gassman conditions, which dso faled to make any headway.

Cl HO HO No Gassman
D\ _— E— ™ Product
CI NO, cl NO, Cl NH,
o n 14
Cl cl
\/j@\ No Gassman
e —
al NO Product

2 Cl NH2

11

STRATEGY-111 AND RESULTS

Our find drategy was the didkylaion agpproach, which would eventudly conditute the
inexpensve route to the intermediate 3. The darting maerid 26, prepared from chegp 1,24-
trichlorobenzene, was subjected to SAr reaction with diethylmdonae and NaH in DMF,
resulting in the exdusive formation of monodkylated product (27). The didkylaion was not
achieved even under forceful conditions  Diethyl mdonaie and maononitrile were dso
examined as possble dkylating agents.  In dl cases only the mono dkyl product formed.
Therefore, dkylaion of chlorodifluoronitrobenzene (30) was investigated next. After severe

experimentation, thereguired 28 was obtained, after treating 30 with sodio diethyl maonate (4
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eguiv.) in DMF. The compound 28 was then exposed to Krapcho's decarboxyleation conditions
resulting in an unexpected mixture of products 32a and 32b.  This kind of bigdedkoxyca

rbonylation) of aryl malonate to tolune has been observed for the firdt time under Krgpcho's

CO,Et
o Y
—
HE.COzEt CO,Et cl N,
CIDECI CO,Et ar N (32b) Minor
- - | +
CO,Et  CO,Et
Cl NO, 2 2 Nacl,H,0 E0.C | [
EtO,C COEt — 5
20 —x— "~ bwmso "> o,
ol NO,
(32a) Major
28
Krapcho's EtO,C CO,Et
28—MmM8M8Mm
condition Cl NO,
33

protocol. The product 33 was predominantly obtained when the temperature was maintained
between 100-120 °C. Reduction of 33 with H, and RaneyNi in AcOH provided 2-oxindole
(34). In an dterndtive route, the aryl dimadonate 33 was subjected to hydrolysis under acidic
conditions to afford 35 which was derivatised to 36 with catdytic SOCl, in MeOH. Sucessve
reduction with of 36 with Hy/Raney-Ni/AcOH and LiBH4/B(OMe); in THF gave 23. The
convarson of 23 into 3 was effected with TPP in refluxing CCls in good yidd. In dterndive to
these conditions, the phenylethanol 23 was converted to it tosylae ester followed by reaction

with LiCl in DMF gave 3.

F F
—_— —_—
cl NO, ci NO,

cl NO,
30 28

35
HO
o L ot L
- . - - -3
cl NO, cl N~ o
H
36 23
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CHAPTER-III: Application of ring closng metathess in the synthess of (R)-4-
benzyloxycyclopent -2-en-1-one.

The importance of hydroxycydopent-2-enl1-one derivatives to synthesse compounds
of medicind dgnificance and naurd products, especidly, carbocydic nudeosdes and
prostaglandins should condtitute the drong drive to undertake rgpid and efficient synthesis to
the vaue-added intermediate 1 by utilizing the new advances in synthetic methodologies,
epecidly, for C-C bond formaion. “Converson of cabohydrates to carbocycles’ has
prevaled as one of the thematic drategies in organic synthess. Accordingly, our synthetic
drategy hinges on RCM as key trandformaion for carbocycle condruction, while envisaging
the required chird diene precursor 11 to arise from the chiral source Dglucose through a series
of manipulative transformations.

Diacetone-D-glucose  (2) was deoxygenated under BartonrMcCombie protocol to
provide 3-deoxyglucose derivative 4. Regiosdective monohydrolyss of  5,6-O-isopropylidene
group in 4 with 0.8% HSO, provided the didl (5) which was then converted to its dimesylae
eder usng MeSOCI/TEA/IDMAP in CH2Cl2 and exposure of eder to Lil in 2-butanone
effected the dimination to give the desred ene (7). The next endeavour was to derive the

second double bond of diene derivative in advance of ring dosing metathess.

Scheme 1
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Deprotection of 1,2-O-isopropylidene group in 7 with PTSA in MeOH afforded methyl
furanodde in 75% yidd which was benzylaed & C-2 postion to aford 9. The hydrolyss of
furanoside (9) with conc. H,SO, in a mixture of 14-dioxane and water a 100-110 °C gave the
dycd deivaive 10. Witting methylenation of 10 with incipient methylenetriphenyl
phosphorane readied the substrate 11 for RCM.

Ring dosng metathess has emerged as an dtractive tool among synthetic chemigts for
C=C bond formation. Exposure of 11 to Grubbs catdys (5 mol%) in CH,Cl, gave the desired
product cycopentenol (14). The last dep was the dlylic oxidaion of 14, which was
accomplished with Fetizon€s reagent to aford 1 in 78% yidd. The dructure of 1 was

subgtantiated by the *H NMR, El and HRMS spectrd analysis.



CHAPTER- 1

SYNTHESSOF CMI-977 AND ANALOGUE



PROLOGUE

According to the edimate of World Hedth Organisation, ashma affects 150 million
people worldwide, and the number of patients hes doubled over the decade! Asthma occurs
when the bronchid tubes swel up and go into a spaam, blocking the passage of ar in and out
of lungs, which is chaacterized by wheezing, breasthlessness, chest tightness and cough.

Asthma can devdop a any age, but occurs most-commonly in children. Although no country is
immune, it occurs predominantly in indudridised western countries.  The severity of asthma
often worsens in spring and early summer. Although there is no cure for asthma, it is a disease
that can be managed, enabling most people to leed active and productive life.  This preiminary
discusson will brief the current daus of the biologicd and medicind aspects of asghma
(asthma chemotherapy) that would have eventudly formed the basc tenet of our interest to
develop the synthesis of anti-asthmatic compounds.

The rapid rise of asthma conditutes the biggest mydery in modern medicine and the
exact reasons for the increase dtill evade the researchers? Although severa factors were put
fowad, like died fud exhaud, dlergies diet, smoking, vird infections cold ar, and
physcd exercise it is now concduded that a combination of gendtic and environmenta factors
is responsble for the onset of ashma® While some people are genelically predisposed while
others suffer from the early-life adlergen exposure, especidly ar-pdlution, damp housing, poor
ventiletion, dusty carpets, furry pets cockroaches, and indoor chemicds. A combination of
cold ar and physcad exercise leads to ashma in ahletes, esp., cross-country skiers, svimmers,
and track-and fidd runners snce they pump, during the race, thousands of cubic meters of cold
ar. On average, 10% of family budget goes meeting the treatment of asthma. Even passve or
second hand smoking by parents especidly mothers increases the risk of aghma in children.
Infants born of mothers who snoke have higher risk of developing ashma.  The good news is

that 95% of asthmalis controllable, given proper and continuous medication.
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Table (1): Environmental factorsresponsiblefor causation and exacer bation of asthma

Allergens Air padllutants
Animd dander Tobacco smoke
House dust mites Paint fumes
Pollens and molds Strong odours
Air pollution
Respiratory viral infections
Exercise
Weather
Codar Foods (more caloriedfat, less fish),
High humiciity additives, preservatives, and certain drugs
Emotional Stress Sulphur dioxide

The advances in molecular biology indicate that dlergy and ashma are not inherited as
dnge-gene disorders and do not show a dmple patern of inheritance. Environmenta and
genetic factors interact in a complex fashion to produce diseese susceptibility and expresson.
A gendlic predigpogtion to ashma and aopy is influenced by severd factors. An incressed
rik of aopy exigs when the mother hersdf has a higory of dlergy. Environmenta factor
(Table 1) such as infection in ealy life (by tuberculods, hepditis A, mesdes and other
unidentified pathogens for which these conditions are makers of) might reduce the risk of
developing dlergy. Other factors might increase this risk such as exposure to certain dlergens,
repiratory vird and hdminth infecion and can cause increesed immunoglobulin E  (IgE)
srum levds.  Once asthma is edtablished, atacks can be precipitated or exacerbated by
cigarette smoke, agrodlergens, respiratory vird infections, and ar polluion. Table 2 provides
a lig of plausble candidate genes tha influence ashma and aopy. These indude genes
involved in inflammation  (recruitment and activetion of inflanmaory  cdls), effector
molecules induding those that interact with thergpeutic agents, genes involved with immune
recognition and regulaion, and genes tha regulate the devdopment and maintenance of the

lung.
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Table 22 A nonexhaugtive list of potential candidate genes that predispose to asthma

atopy
Gene Product Effector molecules and receptors and
Cytokines, growth factors and their receptors their metabolic pathway components
GM-CSF b-Adrenoreceptor
Interleukins 4, 5, 9,10, and 13 Highaffinity receptor for  immunoglobulin
Interferon g E
Tumour necrossfector a Higamine
Meast cell growth factor Leukotrienes

Platel etactivating factor
Chemokines and their receptors Nitric oxide
Eotaxin
Monocyte chemoattractant protein Immuneregulation and repertoire
RANTES Human leukocyte antigen complex
Interleukin 8 T-cdl receptor

Immunoglobulin isotype switching
Miscellaneous
Integrins and sdlectins
Nuclear factor kB

Abbrevigions GM-CSF - granulocyte-mecrophage  colony-stimuleting  factor; RANTES -
regulated upon activation norma T-expressed secreted ligand.

The present anti-asthmatic thergpy is largdy based on corticosteroides (inhded and
gysemic) and symptomdic trestment and, to the lessr extent, immunotherapy which revolve
aound the inhibition of various inflanmatory mediaors that enter the various dages of
aghmatic process, e. g. cytokines chemokines, adheson molecules, proteinases and growth
factors as discussed below:

Glucocorticoster oides, &,-adrenoreceptor agonists and theophylline:

Inhded &-adrenoreceptor agonits are the most  effective  bronchodilators, currently
prescribed for symptomatic rdlief in aghma® The mechanism of action, i.e, causing smooth
muscle reaxdion involves campdependent and  independent  pahways  Inhded
olucocorticogteroides, eg., betamethasone acetate (1), dexamethasone pivaate (2), fluticasone
dipropionate (3), and cortisone (4) are mainday thergpy for reducing arway inflanmation in

aghma The effects of deroids are mediaed largely via changes in gene transcription: steroid
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binds to a cytosotic glucocorticoid receptor (GR) and the resulting dimer trandocates to the
nucdeus where it interacts with a glucocorticoid response dement (GRE) to increese or

decrease gene transcription (trans-activation and trans-represson repectively). Activaied GR

Fluticasone.dipropionate @) Cortisone (4)

can dso interact directly with cytoplasmic transcription factors such as activator protein 1 (AP
1), and nudear factor éB (NFEB), which dter gene transcription in response to inflammetory
gimui. Sdbutamol  (5) is a potent &adrenergeric receptor antagonist.  &.adrenergeric
receptors ae found on the smooth musde lining arways of the lungs The binding of
sdbutamol to &-adrenoreceptor causes the conformationa change in that G-protein. A GDP
(Guanosine 5 -diphosphate) group associated with the G-protein becomes dissociaed and is
then replaced with a GTP group. This is in turn causes dpha sub unit to dssociate from the G
complex. The dissociated apha sub unit is then free to move in the membrane and hes a
binding ste for the enzyme adenylyl cydase. It hinds to this enzyme, which cadyses the

converson of ATP (adenodne 5 -triphophate) to cCAMP. The latter activetes protein kinase A
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that trandfers the terminal phosphate group of an ATP to severd target proteins which leads to

muscle relaxation in the airways of lung.

Theophylline (6) has a long higtoric background through its &bility to bronchodilate
aghmaic subjects  Although limited by dde-effects profile, theophylline is effective in
reducing the symptoms and improving lung function in patients with mild chronic ashma
Theophylline is bdieved to inhibit the enzyme PDE4 of spedficdly cyclic nudeotide
phosphodiesterase, an enzyme that catdyses the hydrolyss of intracellular second messengers
CAMP and cGMP. Doxophylline (68 and Nedocromyl (7) ae the drugs work in the
inflanmatory cells to prevent the rdease of higamine and other chemicds involved in arway

inflammation. They aso help in the trestment of exercise-induced asgthma
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Theophylline (6) Doxophylline (6a) Nedocromil (7)

Long action of &y-adrenoreceptor agonists can be achieved by exoste binding (eg.,
sameteral)® (8) and by dterations in pharmacokinetics (eg., formoterol)® (9).  Although highly
lipophilic, the extended duration of action of sdmeterdl gppears due to anchoring in the
vicnity of the &y-adrenoreceptor via a second binding interection (the exosite) near the
cytoplasmic face of the fourth trans membrane domain. Also, new gderoids are being developed
with the am of maximizing topica anti-inflammatory effects and minimizing adverse systemic
effects, as exemplified by RU-24858. Clinicd dudies have recently demondrated the benefit
of combining long-acting &radrenoreceptor agonists with inhded deroids, eg., saetide

(sdmetrol and fluticasone) combined in asingle formulation.
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(R)-Salbutamol (5)

niQ

Formoterol (9)

HO N/\/\/\/o\/\/\©
H

OH Salmetrol (8)

OH
PDE Inhibitors
Phosphodiesterase4  that  spedificdly hydrolyses cAMP and is inhibited by the anti-
depressant  rolipram  is Sdectivdy expressed in virtudly every cdl type tha has been
implicated in the pahophysology of aghmatic inflanmation. For example, V-11294A is a

non-toxic and nonemetic ordly active PDE-4 inhibitor currently undergoing dinica trid with

A0

promising pharmacokinetic activity.

COH

CN
Ariflo (SB-207499) (10)

The thergpeutic utility of rolipram is limited because of the unwented sde effects,
predominantly, nausea, vomiting, and gadric acid secretion. In fact, PDE-4 adopts two dowly
interconvertible conformations, PDE-4H and PDE-4L. The inhibition of PDE-4H causes Sde
effects inherent in non-sdective, fird-generaion PDE inhibitors while the inhibition of PDE-

4L produces beneficid effects including the suppresson of cytokine generation and release.
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Thus, a PDE inhibitor sdective for a specific gene product and the low affinity rolipram:
binding dte has thergpeutic potentid in arways inflammation.  Ariflo (SB 207499) (10) is an
example equipotent with rolipram against PDE-4AL but 100-fold less potent againg PDE-4H
and it has atenfold selectivity for PDE-4D over the other PDE gene families.”

Mediator sof T-lymphocyte-eosinophil interactions:

T-lymphocyte-eosnophil interactions are centrd to the pathophysiology of asthma and
the therapeutic possibiliies for blocking these interactions can take a variety of directions®
Tageting the factors involved in regulation of Th2 (CD4") differentition and/or activaion is
one option. Genomic screening by Millenium Pharmaceuticds haes led to the identification of
4000 such factors, which can be broadly classfied into three categories soluble factors
induding cytokines (e.g., interlukin 4 (IL-4); codimulatory molecules (eg., B7-2/CD86) and
transcription factors (induding AP-1 and GATA-3). Drugs directed againgt these factors are
being devdoped to limit Th2 cdl involvement in the initigion of ashmatic inflanmation.
Smilaly, a humenized anti-CD4 antibody (SB 210396) is in dinicd tral with encouraging
priminary results.  Another gpproach is to target type-2 cytokines spedificdly implicated in
the pathophysology of arway inflammation in ashma For example, asorption of IL-5 from
the drculation usng an anti-IL-5 antibody should prevent releese of eosinophils from the bone
marrow, e.g., SCH 557700.

Adhesion molecules:

Suppresson of eosnophil adheson with consequent inhibition of influx into the lung is
a draegy to suppress the asthmatic arway inflanmation. Adhesive interactions between cdls
and cdls with extracdluar matrix are essentid for a number of pahophysologicd conditions
induding morphogeness  organization of tissues and organs, regulation of cdl immune
responses, and inflanmatory responses. Cdl adheson molecules play a key role in these

phenomena The <Hectin family of adheson molecules, which ae expressed on activaied
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endothdid cdls (E- and P-sdectin), activated pladets (P-sdectin), and peripherd blood
leukocytes (L-sdectin) ae involved in tetheing and roling of leukocytes in  the
microdirculation, leading to leukocyte tissue infiltration. Interruption  of  leukocyte-endo-
thelium interaction is a current drategy to target asthma TBG-1269 (11) is the lead compound
of a sxies of ordly-active low molecular weight E-, P-, and L-sdectin antagonis  under
devdopment by Texas Biotechnology Corp. for the potentid tretment of ashma and
poriass’ Strategies being invedtigated indude smal molecule inhibitors of very late antigen-
4 (VLA-4) such as CY9652 (basad on the leudne-aspatic acid-vaine sequence) and BIO-
1211, monoclonal antibodies directed towards VLA-4 and intercdlular adheson molecule 1
(ICAM-1) ad inhibition of dpha 1.3-fucosyltranferase VII, as enzyme that regulates sdectin

function. Other smdl molecule inhibitors, such as PD144795, act at the transcriptiond leve to

HOZC(CH2)6 CO,H

TBC-1269 (11)

uppress the expresson adheson molecules [E-sdectin, vascular  cdl-adheson  molecule
1(VCAM-1) and (ICAM-1)]. TBC 1269, a smplified andogue of the sdyl Lewis X
tetrasaccharide, is a  peptidomimetic and  non-dligosaccharide,  glycomimetic  E-sdectin
antagonist.
Cytokines

Cytokines play a key role in the chronic inflammation of aghma and gopear to
orchestrate, amplify, and perpetuate the inflammatory process’® Interleukin 4 (IL-4) and IL-5

ae oconddeed to be the key mediaors in gpecfic dlegic ashmatic inflammation.
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Importantly, I1L-4 directs the development of naive T cdls towards the T helper 2 (Th2) subs,
which appears to be the dominant phenotype in asthma IL-4 is criticd to the synthess of IgE
by B cdls ad is involved in eosnophil recruitment in the arways.  Soluble truncaed
recombinant IL-4 receptors given by nebulisstion seem to be the promising candidates with
long-lagting and well-tolerated effect.

The chemotactic cytokines (CC chemokines) act by dtracting leukocytes (monocytes,
basophils, eosnophils and lymphocytes) to dtes of inflammetion.  They indude codl-migraion
and activation by binding to specific G-protein-coupled cdl surface receptors on target cells.
These receptors belong to a family of nine rdaed members (CCR1 — CCR9). CC chemokines,
egpecidly, eotaxin, monocyte chemoaitractant protein 3 (MCP-3) and MCP-4 ae highly potent
in dtracting eosnophils, acting through CCR3 receptor.  Smdl molecule CCR3  receptor
antagonigts are likdy to be the most effective anti-eotaxin agents.  Recently, a specific CCR3-
mMAB has been developed by Leukocytes Inc. that acts as a true CCR3 antagonist — it blocks
eosinophil chemotaxins to CC chemokines and prevents Ca?* influx.

The advancement in  undedanding the intracdlular dgnding pathways and
inflanmatory gene transcription of key pro- and anti-inflammatory cytokines is laying the
foundation for a new ea in ati-inflammatory drug discovery. Inflammatory  gene
transcription is regulated by a number of transcription factors modly AP-1 and NFéB. These
fectors ae activaled by specific kinases, inhibition of which may suppress an aray of
cytoking chemokine genes. SP650003 and SP100030 are the smdl molecule inhibitors which
atenuate NF- @B/AP-1-dependant gene transcription!! In  addition, SP100030 dso inhibits
transcription of IL-2, IL-8, TNFa and GM-CS factor genes with smilar 1Gy — thus holding
great promise in the trestment of asthma.

MAP kinase inhibition:
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A nove family of mutagen activated praein kinases (P38 MAP kinases) are intimately
involved in the generation of proinflammatory cytokines™® Pyridinyl imidazoles exemplified
by SB 203580 and SB 202190 supress the generdion of IL-1 and tumour necross factor (TNF)
from human monocytes and IL-4induced CD23 expresson and enhance the spontaneous
apoptosis of human eosinophils.

Inflammatory mediator receptor antagonists.

Smdl molecule receptor antagonists for a number of inflammatory mediators have been
devdoped. Traling for s0 long in the wake of other putaive mediaors the cyseinyl
leukotrienes have assumed a centrd role in ashma and in drug devdopment with CysT,
receptor antagonists such as montedukast (12), pranulekast (13), and zafirlukast (16) being the
firs new trestment for ashma in 25 years®® The cysteinyl LTs G, Dy, and E; produced by
resdent mast cdls and by infiltrating eosnophils and basophils are implicated in bronchid
condriction and submucosd odema of arways in ashmatics  The biosynthess of LTs is
inisted by activation signds of C&* influx which then adtivates and trandocates cytosolic
phospholipase A, to the nucdler membrane, where it catdyses the rdease of arachidonic acid
from phospholipids™  Arachidonic acid is subsequently presented by an 18 kDA intergrd
perinuclear protein and S5Hipoxygenase (5-LO)-activating proten (FLAP) to 5-LO which is
dso trandocated to the nucdler membrane. 5LO cadysed the sequentid formation of 5
HPETE and LTA;. LTA4 is then conjugated with reduced glutethione by LTC, synthase, the
only enzyme committed to the biosynthess of LTCs. Human LTCs synthase has been cloned
and mapped on human chromosome 5 (5035) digtd to genes rdevant to dlergic diseases such
& IL-4 and IL-5. Cdl activation by cytokines modulaies the dynamics of aachidonic acid
pools causng the redisribution of these faity acids which in turn, is largely responsble for the
anount and type of ecosanides immunologicdly produced by inflammaory cdls.  The

removad of glutamate from LTC, by the enzyme gglutamyltranspeptidese (GTP) gives the
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coreponding  cysenylglycnyl-5-hydroxy (7,  9E 117, 147)-dcosaetraencic  acid,
leukotriene D4 (LTD4) which on further peptido hydrolyss by the enzyme dipeptidase gives

leukotriene E4 (LTE,).

Cell Membrane Phospholipids
Phospholipase(s) cleave arachidonic acid from esterified
phospholipid membrane %n response to receptor mediator
intracellular influx of Ca

__ __ COoH
m (arachidonic acid)

AA interacts with 5-lipoxygenase activating protein (FLAP)
51O inhibitors > 5-lipoxygenase transl ocates to the nuclear membrane where
FLAPinhibitors | = [FLAP, AA, and 5-LO interact resulting in oxidative catalysis

H
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Montelukast (12) Pranulakast (13)

Hence, 5L Oinhibitor, 5L O-activating protein antagonist, and cysL-T receptor anta-
gonigs are the three dass of L Ts modulators, and subsequently as drug targets now in clinicd
Zileuton (14) ABT-761 (15) :

prectice. Zileuton (14) is a <Hective ordly active inhibitor of 5lipoxygenase from Abboat,
proven to exet anti-inflammatory and anti-dlergic effects in animd modds and humans?®
This drug, introduced in market in early 2000, was cearly by FDA for prevention and chronic
treatment of asthma in patients of a least 12 years of age. Another lead discovery, (R)-(+)-N-
[ 3 (4-flurophenyl)methylene]-2- thienyt 1- methylene-2-propynyl] -N- hydroxyurea (ABT-761)
(15) is under -going find dinicd trails with potent 5LO inhibiting activity and minimd sSde
effects.® Zafirlukast is a potent leukotriene receptor antagonist, which improves the symptom,

and pulmonary function, reduces the use of rescue bronchodilation medication and reduces the

likdlihood of asthma exacerbation.

2
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Zafirlukast (16) CI-1004 (17)
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Cl-1004 (PD-136095) (17) is a dud inhibitor of lipoxygenese and cydooxygenase 2
(COX-2) inhibitor thet is currently under devdopment by Pake-Davis as a potentia trestment
for athma®’ It is recognized that an inducible form of cydooxygenase (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 sde effects of non-geroidd
anti-inflamnmatory drugs (NSAIDs). On the other hand, leukatrienes, produced through the 5
lipoxygenase  (5LO) enzyme pathway dso contribute to NSAID-induced sde effects When
evduated agang the formation of PGFy (a product of COX formation) and LTB, (a product
of 5L0O), it was found to inhibit potentidly both 5LO (1Csp = 0.77 nM) and COX (IGy =
0.39 nM)

Immunoglobulin E (IgE) inhibitors:

Anti-IgE therapy is one of the newest approaches to asthma thergpy. Exposure to an
dlegen in a susceptible individud causes T-lymphocytes to send dgnd to  B-lymphocytes
initiating the production of IgE antibodies For every dlergen, spedific IgE antibodies are
produced within a few weeks of exposure. Some IgE antibodies bind to Foepsilon Rl receptors
on mest cdls and eodnphils in the <kin, while the othes reman free floding in the
bloodstream. Mast cdls in the skin and mucosd layers of the respiraory tract contan the
inflanmatory mediaors tha cause the symptoms of dlergic rhinitis hisamine, leukotrienes
and prostaglandins. These mediators are rdleased every time that an dlergen crosdinks mest
cdl-bound IgE. Reexposure to an dlergen causes mast cdls in the nose and snuses to become
activaed by IgE antibodies, rdessng inflammatory mediaiors, and causing the symptoms of
runny nose, teary eyes and itchiness.  Anti-IgEs inhibit of neutrdize free IgE as wdl as
downregulating the production of IgE by B cdls Olizumab, a humanized anti-lgE monodond

antibody, developed by Genetech has been shown effective for moderate to severe asthma in
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both children and adults in phese Il dinicd tralls in double-blind, randomized, placebo-
controlled sudies*®
Adenosineinhibitor

Adenosne is a naurd nudeodde involved in bronchid condriction in agthmatics
whose effects are mediated through four receptor subtypes: A; Aza Ao, and Ajz receptors.
Adenosne free, antisense oliogonucleotides (RASONS) block specificdly, a the mRNA levd,
the formation of numerous mediators and their respective receptors’® These indude NF-kB,
mgor bedc proten 5lipoxygenase, leukotriene C, (LTCy) synthase, IL-4, IL-5 and adenosine.
PAF antagonists

Pade ativating factor is a phospholipid, exhibiting potent pro-inflammatory  effects.
It is produced by a number of cdls induding eosnophils basophils neutrophils,

mecrophages, and endothelid cdls. YM-461 (18) is a sdective, potent and ordly active PAF

YM-461 (18) o)

antagonist.

25-disubdtitutedtetrahydrofurans  have been investigated for ther role as PAF
antagonists.  In generd, trans-isomers have been found to be more potent than cis isomers.
Further dructure activity dudies indicated that more potent PAF antagonids contained an
electron-withdraving group on one but not both aomdic rings  These features are
incorporated in L-659, 989 (19) in which a metabolicdly dable methylsulphone serves as the
eectron withdrawing functiond unit and a trimethoxy ayl ring is gopended a Cs. In order to
achieve increased metabolic  ectivity and  pharmecokinetic  profile, polar  head  group

modifications were invedigated from which the (2S, 5S)-trans-isomer of MK-287 (20)
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emerged as a potent, specific and ordly active PAF receptor antagonist and chosen for dinical

trail. %
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L-659,989 (19) MK-287 (20)
Since both PAF and leukotriene are rdeased smultaneoudy from leukocytes and upon

cdlular adtivaion, act synergidicaly in many hbiologicd modds a sngle compound which
inhibits the actions of both PAF and leukotrienes may offer certain therapeutic advantages in
terms of efficacy and pharmcokinetics over reagents which inhibits either mediator done. The
basc knowledge that 25-diaryltetrahydrofuran dass of compounds ae PAF inhibitors while
hydroxy uress are potent 5-LO inhibitors, the introduction of hydroxy urea functiondity onto
cetan scafolds carying THF skdeton should provide the candidates with dud inhibition.
The inhibiting activity of hydroxy urea derivative is probably due to chelation of Fe®" required
for oxidaive cadyss in leukotriene biosynthess. Recently, Cytomed Inc. has reported CMI-
392 Q1) and CMI-546 @2) as a potent dud 5LO and PAF inhibitor, which is currently beng
evduaed in human dinicd tralls as a novetinflanmaory agent. CMI-392 showed very
potent and baanced activities againg both 5LO and PAF and more potency than zleuton in 5
LO inhibition and equally potent as MK -287 as PAF antagonist.?

In condusgon, the old drugs, which ae now used as manday thergpy, mainly,
NSAIDs and corticogteroides are flaved with ther limited efficacy and inadequate safety
profiles. Severd gene tagets that control cdl influx and activation, inflammatory mediator
rdeese and activity and tissue proliferation and degradation have been identified. Since
multiple gene products have been identified a the dte of inflammation, there has been a surge

of interet in identifying intracdlular Sgnding targets including transcription fectors  that
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control inflammatory gene expresson, and which are amenable to drug discovery. The recent
advances in the pathophysology of asthma, together with advances in drug development bodes
wdl for the introduction of rationd thergpy in 21% century where leukotriene antagonists boom

as promising drugs in the days ahead. >
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ASYMMETRIC SYNTHESI SOF (2555)-5-(4-FLUORO
PHENOXY)METHYL -2-(4-N-HYDROXYUREIDYL)

BUTYNYL)TETRAHYDROFURAN (CMI-977)
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PRESENT WORK

Today, a the start of this 21% century, the search for new anti-asthmatic agents remains
unabated. The reason is that there is currently no complete cure for asthma presently,
trestment of condition depends primaily upon inhded glucocaticoides to  reduce
inflanmation and inhded bronchodilators to reduce symptoms. Such treatments are far from
ided and dgnificat effort is beng directed in both academic and commercid laboratories to
the devdopment of more efficacious and safer drugs, especidly those that are ordly active
The pathbresking advances in undersanding the pathology of asthma and subsequent
discovery of new drug tages together with tremendous burg of innovation in drug
devdopment, have propdled the phamaceuticd mgors for the introduction of safer and
efficacious drugs a the brink of this century, i.e, novd immunologicd drategies using
genomic tools. In this scenario, Cytomed Inc. USA has recently announced the development of
CMI-977, (2S55)-trans-5-(4-fluorophenoxy)methyt-2-(4-N-hydroxyure dyl-1- butynyl tetrahy

drofuran (1) for find dinicd tralsfor chronic athma?®*

CMI-977 (1)

It acts primaily by inhibiting the 5-lipoxygenase pathway and thus blocking the production of
inflanmatory mediator, leukotrienes.  CMI-977 has succesSfully been evduated in animd
modds.  In guinea pigs ord adminidration of CMI-977 effectivdy blocks ovabumin-induced
bronchocondriction, arway eodnophil accumulaion, and plasma extravasation. CMI-977
blocked LTB, production with IGy of 117 nm and 10mgKg inhibited eosnophil influx by

63%. Daa from phase lla trid out of one randomized, double-blind, placebo-controlled
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andyss to evduae the pharmacokinetics (PK) and pharmacodynamics (PD) of a single dose
of CMI-977 in norma subjects, showed that PK/PD profile is comparable with a sngle dose of
zileuton, i.e, it may adminidered ordly once or twice a day. Ovedl, CMI-977 has shown a
high degree of potency, excdlent ord bicavaldblity and exceptiondly favourable safety
profile®

CMI-977 bdongs to lignan family of 25-disubdituted tetrahydrofurans, festured with
diverse subditution and trans-juxtapostioned ring and is chirdly homogeneous (dl other three
derecisomes have shown poor pharmecologica profile).  The unique dructurd ensemble
augmented with eutomer-dependent  dtraective therapeutic index should invite the proposd to
underteke a ‘sngle enantiomer synthess that would ddiver the target molecule with reevant
stereochemica information and the functiondities at their respective positions.

Except the inaugurd medicind chemigtry route by Cytomed Inc., much of the synthetic
chemistry for CMI-977 hes been explored in our laboraory. The origind discovery route
(scheme 1) was devdoped by choosng (S)-(+)-hydroxymethylgbutyrolactone (ii) as core
chird synthon, eadly deriveble from chird pod L-glutamic add (i))®  Nudeophilic
subditution  with  lithium  1-tert-butyldimethylslyoxybutynide & the anomeric centre  of
intermediate (jv) after anomeric activetion with TMSBr yidded a cisftrans mixture without any
dereosdectivity (1.1 mixture). The desired trans-butynd (vii) was obtained after fluorolysis
of dlyl ether, followed by repested recryddlisaion (cis isomer- liquid, trans- solid). The find
target was reeched from here through the intervention of Abbott technology to introduce N-
hydroxyureidyl moiety. This discovery route was plagued with severd problems  that
mitigated againgt efficient scale up and cost effective production of the target molecule. Many
reections necesstated cryogenic  conditions, gSlyl  protecting  groups were  used  in
numerousngances. The aom economy in the protection-deprotection sequence was not in the

desred direction. The initial Mitsunobu coupling and follow-up dSeps generated ot of
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hazardous wagte that was difficult to dispose.  Above dl, the preponderant issue was that the

C-C bond formation at the anomeric centre was in totaly non-stereodirectivefashion, resulting

NH,
HOMOH HOWO
O X g H N OH

2

(S)-Glutamic acid (i)
H O O " . /©/ H o O
(i) F (iii)
o f N O Ao
_:©/ . 0 OH—:©/ H O OTBS ——
F F
(v)

(iv)

OTBS

(1:1 mixture)

i) fluorolysis ©
i) repeated recrystallisation E

CMI-977 OH
in L1 mixtue of cgtrans isomers whose separation to furnish the trans materid involved

tedious column chrometography or repeated recryddlision. Hence, the undesred formation

of cis-isomer by haf after severd steps was a mgor concern.
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The problems encountered hitherto prompted us to undertake route-selection efforts to
devise nove, cod-effective synthess of CMI-977 that would be amenable to large scde
production.  Three routes were dmultaneoudy developed in our laboratory thet would
effectivdy address the aforesad problems.  The two synthetic routes, developed by our
colleagues®” would essentidly hang around the lactol (iv in scheme 1) with adroit manipulation
of pree and pos-deps of this intermediae involving the key trandormation as
diastereosdective = C-C  bond  formaion via  nudeophilic  subditution of  2-
benzenesulphonyltetrahydrofuran, as authored by SV. Ley. Thee goproaches adequatdly
addressed dl the concerns faced in the discovery route, but gill suffer from the red Gordian
Knot, the diastereoselective excess.

The fourth synthetic route, emerged recently form this laboratory was purely
methodology-driven and cleverly orchestrated to arive a the dihydrofuran (i in schme 2), a
gyntheticaly-equivdent intermediate of lactol (iv in scheme 1) with driking resemblance of
further eaboration, taking advantage of the exquisteness of ring closng metathess which has

emerged as asuperb tool in the versatile construction of rings via C-C bond formation.®

\/(\ \
@/O O/\ Grubbs /©/O\/FO>
Catalyst
F y F

(i) (ii)

Scheme 2

The retrosynthetic andyds for our synthetic endeavour was planned usng a ‘tacticad
combindion of transforms putting onus on T-god approaches, as outlined in Scheme 3.° The
intid C-C disconnection of N-hydroxyuredyl moiety gppended with ethyl chan  would
provide the precursors tetrahydrofuranylethyne (A) and ethyl N-ethyl-N-hydroxyurea (B). The

latter fragment (B) would, on gpplication of smplifying transform by dissecting ethyl chain,
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Scheme 3: Retrosynthetic analysis

odiver epoxide synthetic equivdent and N-hydroxyurea The second and key operaion using
heterostom ring disconnective tranform would reved the diol intermediate (C). In the
gynthetic direction, the feasbility of this synthetic gep (C to A) was more appedling, out of
severd  srategies explored till now to construct tetrahydrofuran ring with appendages a 2™

and 5" postions, since the outcome of the reaction through interna Sy2 displacement in a pre-
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organisad subdtrate would be completdy stereospecific with  predictability of Stereochemigtry
a the ring junctions The propargyl doohal (C), on the rightern sSde, was envisaged to aise
from epoxymethanol through basemediated double diminaion of epoxymethyl chloride after
smple FGT. The dlyl dcoha (E) was thought to be the unambiguous retron for the
epoxymethanol (D) under the agpplication of dereoflexible and serocontrolled transform. C=C
Wittig disconnection would imply the ddehyde tha can be judicioudy protected for further
refinement. The requigte synthon (G) can, in principle, be generated by adapting a prudent
practice of generating 4-hydroxyddehyde, i.e, opening of epoxide (H) with nudeophilic
synthetic equivdent, derivable from bromoacetadehyde. The synthetic converson of (1) to
(H), i.e, genedization of three carbon unit in glycidyl ether from three carbon synthon, O-
isopropylidene-D-glycerol  through  conceivable  trandformations wes assumed to be a
reesonable propodtion.  In the ensuing section, we describe the implementation of this basic
drategy and redization of stereocontrolled synthesis of CMI-977.

Accordingly, the journey began with D-mannitd (2), which was ketdized as 1,2.5,6-
di-O-isopropylidene—(D)-mannitol ~ followed by oxiddive deavage to provide (R-23-O-
isopropylidene-(D)-glycerddehyde  synthon (3), according to the esteblished procedure® The
chegp and essy avalahility, high enantiomeric purity, and eguivadlenceto double unit of chird
building block because of C, symmetry were the strong incentives for our interest to start with
D-mamnitol. Reduction was next caried out with NaBH; in methanol a& 0 °C to provide the
corresponding  (D)-a,b-isopropylideneglyceral  (4), which  was unambiguoudy assigned  the
dructure based on the *H NMR spectrum. Two CHs goups of isopropylidene moiety appeared
as two snglets a 1.34 and 1.41 ppm, while the OH proton as a broad snglet a the region 1.80-
210 ppm. The rest of the protons were identified a their appropriate postions in the region of
344 - 425 ppm. The compound 4 was treated with p-toluenesulphonyl chloride and TEA in

CH.Cl, to afford the tosylate (5) in 92 % yield, which wasidentified by the 'H NMR spectrum.
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Scheme 4
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A dgnd & d 246 due to CH3 group and two AB; doublets & 7.33 and 7.77 ppm confirmed

the presence of p-toluenesulphonyl group. Subsequent nudeophilic O-dkylaion with sodium

st of p-fluorophenol in a solvent mixture of DMF and THF a ambient temperaiure gave the

excdlusve product 6. The conspicuous absence of pesks due to tosyl group and the appearance

of a multiplet a 6.68-6.96 ppm, characteridic of p-fluorophenoxy group, indicated the product

6. Dekedisation of 6 was effected with methanolic HCl a room temperaiure to obtain the

propanedial (7) in 90% yield. The Structurd feature was unambiguoudy corroborated from the

Scheme 5

o
NaBH,, MeOH #\\)\/ TsCl, TEA
OH

3 > O B
CoRT DMAP, DCM
4
\/‘\O NaH, 4-Fluorophenol 7\0
O\)\/OTS THF-DMF, 90% 0\)\/0@7':
5 6

combined spectra data from *H NMR, ¥*C NMR, IR, El and HRMS. The pesks owing to

isopropylidene group disgppeared in the 'H NMR spectrum. The El mass spectrum gave a

highest mass pesk a (m2) 186 [M'] whose dementd compostion was later identified by
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HRMS as 186.0962 (Cdcd. for [CH1FOl: 1820692). The next dep of regiosdective
arenesulphonylation was conveniently achieved with TsCl and EtsN in 04 M CHCl; as per
the Sharpless procedure™ The product 8 was confirmed by the presence of additiond pesks in
the '"H NMR spectrum due to tosylate group, i.e, a snglet & 2.4 ppm for aryl methyl and two
doublets at 7.20 and 7.82 ppm of AB;, patern. The epoxide ©) was derived out of 8 in 95%

yidd on exposure to NaH in asolvent mixture of THF and DMF a room temperature for 1 h.

Scheme 6
0 OH
)Y HCI, MeOH : TsCl, TEA
: — > :
F4®70\/\/0 RT, 6 h F@OWOH DCM, 0 °C

6 7
OH

. o : o0Ts NaH, THF-DMF _
~ F 0 >
RT, 95%
9

1jle)

8

The product was readily confirmed by the 'H NMR spectrum with substantia information
from 3C NMR, IR, El Mass and HRMS spectra studies While the protons specifying OTs
group were no more, new peeks a the region of 2.7-3.00 ppm, characterigtic of termind epoxy
protons were observed in the *H NMR spectrum. The El mass spectrum gave a molecular ion
pesk a (m2 168, which was further substantiated by HRMS for dementa integrity (Cdcd.
for [CHoFO-M™]: 168.0586. Found: 168.0580). The epoxide (9) was subjected to CuCN-
coordinated regiosdective nudeophilic opening with dlylmagnesum bromide to provide the
doohd 10 in 90% vyidd, which was adequatdly substantiated by spectrd studies® In the 'H
NMR spectrum, the olefinic protons gave pegks a 5.0 and 5.7 ppm [two doublets J = 109 ad
145 Hz) due to termind protong and 5.80-5.92 ppm (HC=). Two s of methylere protons,
homadlylic and dlylic, resonated as multipletls & the region d 158-1.73 and 216-240 ppm

respectively. The El mass spectrum gave a molecular ion peek a (m2 210 while HRMS
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confirmed it's eementd composition (Cded. for [CioHisO,F-M™] 210.1056. Found 210.1067).
The doohal 10 was converted into its mesylae ester (11) usng MeSO,Cl, Et;N and DMAP
(catdytic) in CHCl,. The purpose behind the introduction of mesyl group a this Sage was to
utilize for dud role, as a protecting group for he next couple of seps and as a leaving group a
the required last dage. Mesylation of 10 was confirmed by the presence of new resonance a
306 ppm as a dngle (CH3S0,) and downfidd shift of methine proton carrying the mesylate
group into 50 ppm (from 40 ppm) in the 'H NMR spectrum.  This was supported by a
molecular ion pesk a (mz) 288 (M*) in the El spectrum. The subsequent oxidative fisson of
11 on exposure to ozone in CH,O, at —78 °C followed by reductive decompostion with
dmethyl suiphide gave the ddehyde (12) in good yidd. In fact, the reection resulted in two
productsin 1:1 ratio. Thefirgt product was desired ddehyde itsdf. The second product, which

Scheme 7

@) _ OH
A AllylMg bromide, CuCN H
a < > 0 - Ether, 20 °C to RT F4®70\/\/\/
9 10
OMs

MsCI, TEA, DMAP H i) O, DCM, -78 °C
- >F O NN = —=
DCM, 0 °C to RT ii) DMS (excess), RT

11

could not be characterized by its 'H NMR spectrum, transformed to the desired addehyde (12)

on long danding. The absence of resonances due to olefinic protons between 5.0-6.0 ppm and

the presence of ddehyde proton a 9.74 ppm as a dnglet and methylene protons adjacent to

ddehyde group a 2.69 ppm were the indications of product 12 in the 'H NMR spectrum. The

ddehyde 12 was quickly expossd to  ethoxycarbonylmethylengriphenylphosphorane  in
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benzene a ambient temperature to provide the corresponding ab-unsaturated ester as a
geometric mixture (91 by TLC). The minor (2-isomer was diminated through column
chromatography. The predominant (B)-isomer (13), obtaned in 86% vyidd, showed
characteristic coupling congtant (J = 160 Hz) for olefinic protons in the *H NMR spectrum.
The rdevant resonances due to dkene (a doublet a 589 and multiplet between 6.76- 7.06
pom) and ester group COCH:CH3 (1.30 and 4.18 ppm) were observed in the 'H NMR
sectrum. In the IR spectrum, the carbonyl stretching a 1712 om?, characterigic of a.b-
unsaturated ester was observed whereas the EI mass pectrum showed the molecular ion pesk
a (m2 360. Reductive chemistry was next undeteken with DIBAL-H to provide the
correponding alyl dcohal (14) in 93% yidd. The sructure was ducidated on the basis of H
NMR, IR and El mass spectrd anayses In the 'H NMR spectrum, the resonances due to
olefinic protons moved upfidd and were observed between 554-5.80 ppm and the CH, group
of dlyl doohol was locdized between 3.95-4.15 ppm. The molecular ion pesk (M*) at (M2)
318 was recorded in the EI mass spectrum. This st the dage for Sharpless Asymmetric
Epoxidation (SAE) that would ingdl the second chird centre reevant to the target. SAE
figures prominently in modern asymmelric synthess for externd chird induction for two
contiguous chird centers under pessve subdrate control because of the factors like (i)
oxidetion of wide spectrum of subdrates with different subdtituent paterns including meso
compounds (i) inexpensve resgents (iii) compatibility of various functiond groups (iv)
excdlent e€s (v) feeshility of ether enantiomeric product and (vi) predictability of product
configuration by mnemonic device (scheme 8) %

Asymmetric epoxidation of 14 was conducted a —20 °C in goichiomeric fashion in
CH.Cl2 with cumene hydroperoxide as oxo donor and Ti(OPr)s— [(+) -DIPT] complex as
chird adjuvanct. Overnight refrigeration of the reaction mixture resulted in the complete

consumption of dating materid. Surpriangly, the cadytic verson of Sharpless epoxidation



27
adso worked efficiently in our cese with fagter rate of resction (1 h for consumption of
subgrate) and without any eroson in enantiomeric purity (when compared to the product
obtained above). The epoxy doohol (15) gave saisfactory spectrd data The 'H NMR
spectrum carried pesks between 2.87-3.03 ppm, characterisic of epoxy protons wheress other
pesks resonated a their expected chemicd shifts This was further confirmed by appropriate
molecular ion pesk M * at (mz) 334 in the El mass spectrum. No quantitative study was

undertaken to estimate the enantiosa ection in the epoxidation step, asit was thought that the

Scheme 8

Ph,P =CHCO_Et

9MS ||O||
F o) - = OFEt
PhH, RT, 4 h, 86% 4©7
o \AW H ()-DIPT
13 [e) .

OMs

DIBAL-H, DCM - |
- F O\/\/\/\/OH OH
-78 °C, 1 h, 93% 2
14 L
TIP (1 equiv.), (+)-DIPT (1.2) o 11 (+)-DIPT
s L
CuHP (2 equiv.), -20 °C B o) o~
(2 equiv.) F@— O A" I>\/OH @)

i o . . .
mol. sieves 4 °A, 2.5 h Fig. SAE mnemonic device

enantiopurity could be determined a later dage dfter two seps.  Converson of (15) to
epoxymethylene chloride (16) was not a smooth affar, as the exposure to triphenylphosphine
in refluxing CCl; resulted in a mixture of three chromatographicaly-separable products. The
maor product formed in 50% yidd was the desred product. The other two products were
probably the ring-opened products, as evident from the absence of epoxide protons a 3.0 ppm
in ther *H NMR spectra. Attempts to minimise the ring-opened products, by the addition of
base, viz., pyridine and triethylamine, to the reaction medium were to no avall, as the garting
maerid was quantitetively  recovered in esch case. The product (16) was rdiably

confirmed by the andlysis of the H NMR, IR and El mass spectra. In the 'H NMR spectrum of
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16, upfidd shift of pesks beonging to methylene protons (CH,Cl) compared to that of 15 was
noticed. This was further confirmed by a molecular ion pesk a (M2 352 in the El mass
goectrum.  The centrd trandformation of the synthetic sequence, i.e, formation of THF ring
with gppropricte  stereochemidry, trans-fuson, through baseinduced double diminationcum-
intramolecular Sy2 ring annulation was investigated next.

Accordingly, the epoxymethyl chloride (L6) was exposed to 3 equiv. of n-BuLi a
—78 °C in dry THF, followed by warming to room temperature® The higher polarity of the
resultant product cest doubt over the formaion of dedred cycdised product, 2-
ethynyltetrahydrofuran (17), which was supposed to be less polar than dating materid. The
presence of acetylenic group with its proton resonding & 2.36 ppm as a doublet in the 'H
NMR spectrum confirmed thet the substrate had indeed undergone double dimination. Further

revelaion was the absence of mesylate ester group and presence of a broad pesk & 2935
pom (D20 exchangegble) implicating the OH group in the product. This information, duly
supported by other pesks in the *H NMR spectrum had suggested the formation of propargylic
dd (18), which was subsequently confirmed by converson into rac-ethynyltetrahydrofuran
(19) on refluxing with TPP in CCls, which, de facto, is a mild method to convert 14-did into
the corresponding tetrahydrofuran.®®  Of course, this method could not serve our purpose,
gnce the product was found to be racemic, loosng the asymmeric informetion of the Sarting
meterid during the course of the reaction. This unfortunate development, the formation of
undesired 18, because of susceptibility of mesylae eder to badc conditions, leaving behind
dooha through the sdf-dedtruction via the formation of sulphene became the Damocles sword
in synthess — only one step need fal for the entire project to meet sudden desth. Damege

control experimentetion, viz,, change of base (LDA, Li/NH3), performing the reaction a —78
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0C, ad the contrdled and doichiometric addition of base didn't hdt the susceptibility of

mesylate eter.

Scheme 9
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After this falure, an dternaive yet smplified gpproach to reach the target was planned.
The drategy was to generate the second Stereogenic centre via diastereosdective subdrate bias,
taking advantage of exising centre The converson of suitably-posed akenyl acohols into
tetrahydrofuranyl and pyranyl ehes via dectrophilic oxidation of dkenes and subsequent
capture by the adventurous nucleophile in an intramolecular fashion has been earmarked as one
of the man synthetic Srategies in the congructions of cydic, polycydic and fused ethers®
This trandormation has notched up populaity in recent years with the advent of robust

catalyss to enhance the diagtereosdectivity. We envisaged tha the sequentid epoxidation of
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temind dkene and immediae ring dosure by intramolecular oxygen nudeophile would be the
ided gpproach for our purpose snce the resulting hydroxymethyltetrahydrofuran can be further
eaborated to our required dedtiny, through oxidation of 1° dcohol followed by Corey—Fuch's
reection to podtion termind acetylene & C-2.  Since the required darting materid akenol 10a
was redily made avalable from epoxide 31 (vide infra), it was decided to advance without
much fuss. Accordingly, 10a was exposed to mCPBA in CH,Cl, a —40 °C for 6 h, followed by
further girring with catadytic CSA overnight to provide the required product @0) in 70% yidd.
The dsence of dgnds due to olefinic protons and the presence of multiplets due to ring
junction protons & Cs and C, located between 4.07—4.44 ppm were the clear indication of
THFmethanol (20) formetion. The rest of the protons were locdized a their expected regions.
The compound (20) was efficiently oxidized with IBX in DMSO a ambient temperature with
guantitative converson to provide the ddehyde (21), which was quickly exposed for Wittig-
type dibromomethylenation with the reegents TPP and CBr, to afford the corresponding
product (22) in good yidd.*” The H NMR spectrum of 22 showed a characteristic doublet a
6.52 ppm due to the olefinic proton (CH=). The ring junction protons a G and G agppeared as
two multiplets & the region 4.32 and 450-4.73 ppm. The rest of the protons were located as
expected. This dibromoolefin 22 was then trested with 3 equivdent of n-BuLi for double
diminaion & —78 °C, which gave 2-ethynyltetrahydrofuran @3) [a mixture of 23a and 23Db] in
70% yidd. The product was unambiguoudy supported by its 'H NMR, El and HRMS spectrdl
data. In the *H NMR spectrum, the characteristic acetylenic proton appeared as a doublet (J=

215 H2z) a 242 ppm. Thering junction protons a Cs and G, appeared as a set of multiplets at
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Scheme 10
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460480 and 4.24-454 ppm regpectivdy, reveding the diagterosdective excess information
during epoxidation sep. The mixture of diastereomers was found to be in 7525 rdio, the
predominant isomer being the required trans-THF isomer (23a). The moderate
sereosdectivity and difficulty encountered in  separation of diatereomers a  this dage
precluded us to advance further as there was no scope for derivatisation for want of
functiondities and recrystdlisation because of liquid sate of product.

We returned to our primordid drategy (Scheme 3). The hindsght gained out of the
falure indicated the replacement of mesylate eder group with some other stubborn leaving
group that will withstand the basic conditions, i.e,, n-BuLi and LDA. Thus, benzenesuphonyl
group, which lacks acidic protons adjacent to SO, group was sdected. To commence with this
endeavour, we had to de tour a few steps back in the origind scheme, i.e, till hexenaol 10. This

time we were precautious to dat with racemic dating maerid as a prdude before
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implementing the chird verson because of draegic advantages the racemic darting meterid
can be made in bulk; to avoid codly chird reegents requisite for chird induction; and to bring
forth desper ingght in the draiegy to remedy any remaning inadequacies.  Accordingly, the
racemic hexenol 25 was accessed in two seps  Reection of  4fluorophend  with
epichlorohydrin in the presence of K CO; in refluxing acetone gave rac-4-fluorophenyl
gycdyl eher (24) in 95% vyidd, which on subsequett exposure to dlylmagnesum bromide
gave the doohd 25 in excdlent yidd. The dcohol wes then conveted to (4)-

benzenesul phonate ester (26) with bezenesulphonyl chloride and Et3N.

Scheme 11
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The entire sequence, in pardld to mesylate ester scheme, was executed, as described in
scheme 12 with the only modification being the introduction of epoxy group with the reegents
VO(acac), as cadys and CuHP as oxidat. The criticd LDA-directed double dimingtion of
epoxymethyl  chloride (29) uneventfully gave the dedred rac-2-ethynyltetrahydrofuran (19),
dbeit in moderate yidd and subsequent opening of ethylene oxide with acetylide anion under
Lewis acidic condittions made 2-carbon el ongation to access the homopropargyl dcohal (30).%

Both the products 19 and 30 were unambiguoudy established by their '"H NMR spectra The

comprehensive sep-by-step explanation and characterization of each product are prescribed for



33
the corresponding chird verson in the adioining pages Thus this racemic modd became the
useful training ground providing the citical information before entering the red battlefidd,

i.e, asymmetric route.

Scheme 12
VO(acac),, CuHP
25 ————> >
DCM, 0°C to RT, 95%
<:> \W\/ TPP, CCl, NaHCO,
Reflux -
LDA (3 equiv.), THF 4©7 \W/

-78 °C - RT
< > n-BulLi, BF,:OFEt,, Oxirane
-78 °C to RT, 90%
) \/Q\/\

By the time we darted to asymmetrify the racemic route, described above, we came

across the diligent discovery by Jacobsen et al. of hydrolytic kindic resolution  (HKR)
oftemind  epoxides with exceptiond enantionsdlectivity.*®  This methodology was more
gopeding, because the chird building block, (R)-4-fluorophenyl glycidyl ether which reguires
seven geps from D-mannitol can be prepared in only three steps by HKR goproach.  In fact,
this HKR mehodology hes severd beneficid factors like i) many functiond groups ae
ratively dable toward HKR reection ii) low cost process for enantiopure termina epoxides
and dids which otherwise require multigep synthess from chird pool or via codly high

volume biocatdytic processes i) sgparation and purification of epoxide-diol through fractiond
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didilletion teking advantage of volatdity-bias iv) inexpensve darting maeiads and cadyss
(both the enantiomers), producing ether enantiomer of epoxide or diod v) high-voume
efficiency vi) recovery and reuse of the catalys, preferentialy via catys immohbilization.

Accordingly, the glycidyl ether (24) was subjected to HKR conditions with 0.55 equiv.
of water in t-butyl methyl ether using the cadys (R R-(sden)Co'(OAc) (scheme 13) to
provide enantiomericdly-pure (9-epoxide (31) and (R}-dd (7) in 46% yidd each. The
homochird sden ligand and the cadyst were prepared in this laboraiory by a five-step
sequence. The (R)-diol wasidentical in dl respects (*H NMR, optical rotation, etc.) with that
of obtained from D-mannitol. The did (7) was, this time, converted to the dedred epoxide (9)
through cydic orthoeter technology of Shapless et al. in one pot, rahe than
cycodehydration of monotosylate, which needs one extra dep and tedious column

chromatography. *° Accordingly, 7 was treated with a dight excess of trimethyl orthoacetate in

o
Scheme 13 %E\/C)A@ilz

ﬁ/ (R, R)-(salen)Co"(OAc) +
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24 HO\)VOAGF
H i H
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31 [(S)-Epoxide]

—N /N_
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o | O
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(R, R)-(salen)Co'"(OAc)
Fig. Jacobsen's HKR catalyst
the presence of catalytic PPTS to effect transesterification, which was then treated with acetyl
bromide. The subsequent exposure of vic-bromoacetate to K2COz in mehanol afforded the

epoxide (9) in excdlent yidd. The product gave identicd 'H NMR spectrum and optical
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rotation with that of obtained from D-mannitol source (vide infra). The glycidyl ether ©) was
conveted to bezenesulphonate ester (32), as described earlier. The product 32 was confirmed
for its structure by the *H NMR spectrum with dinching evidences from **C NMR, IR, El and
HRMS gpectrd data  The chemicd <hift of methine proton bearing the sulphonate group
shifted downfidd (compared to 10) and agppeared a& 4.82 ppm and wheress the protons in
PhSO, group as two set of resonances between 7.44-791 ppm in the 'H NMR spectrum. In
the IR spectrum, two intense pesks a 1170 and 1339 cm’ characterisic of sulphonyl group
were observed. The El mass spectrum gave a molecular ion pesk a (m2) 350, which was
subsequently  confirmed by HRMS (Cded. for [CigHi1oFO,S]: 350.0988. Found 350.0996).
The defin (32) was then submitted to reductive ozonolyss to provide the corresponding
ddehyde (33), which was then dongated on reaction with sable Wittig ylide to provide the
corresponding a,b-unsaturated ester (34). The predominant (E)-olefinic eder, obtained after

chromatographic remova of minor (2)-isomer, wasthoroughly characterized by *H NMR, *3C

Scheme 14
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NMR, IR, El and HRMS spectrd data The coupling constant values J = 16.0 Hz) of definic
protons confirmed the (E)-geometry of defin. The dgnds due to methyl group of OCH,CH3
gopeared & 1.30 ppm as triplet (J = 7.1 Hz) and the methylene a 4.17 ppm as a quartet
wheress olefinic protons a 577 and 6.73-698 ppm. An intense IR adsorption a 1708 cm*
was characterigic for a,b-unsaturated ester. The dlyl dcohol (35) was secured in excdlent
yield through the reduction of ester 34 with DIBAL-H a& —78 °C in advance of ingdling the
second chird centre. The structural identity was secured from the interpretation of 'H NMR,
3C NMR, IR, El and HRMS spectrd data The methylene group of alyl acohol resonated
between 3.84-4.13 ppm in the '"H NMR spectrum. The El mass gave a molecular ion pesk at
(m/z) 380, further supported by HRMS (Cdcd. for [CioH21FOsS]: 380.1093. Found 380.1097).

The next phase of endeavour was Sharpless asymmetric epoxidaion (SAE) of the dlyl
doohd (35). The epoxidation was performed with Ti(OPr),{(+)-DIPT chird complex and
cumene hydroperoxide. The product 36 was obtained after column chromatogrgphy in 90%
yidd. The spectra information from *H NMR, *C NMR, IR, El and HRMS studies proved the

structure of 36 beyond doubt. The multiplet between 2.84-3.01 ppm reveded the identity of the

Scheme 15
OBs
DIBAL-H, DCM B
4 F‘@io\/\/\/\/OH
-78°C, 1h
35

TIP (1 equiv.), (+)-DIPT (1.2) F‘@*O\/\/""'.Q\/OH

CuHP (2 equiv), mol. sieves 4°A
-20 °C, 98% 36

TPP, CCl, NaHCO, = 0]
4, S o F o\/-\/,,' ‘>\/CI
CHCI,, reflux, 64% -
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epoxy protons, wheress the two olefinic protons disgppeared in the region of 5565 ppm. The
res of the protons resonated a the expected chemicd shift regions The dementad compostion
was confirmed by a molecular ion pesk a (mZz) 3961043 (Cdcd. for [CigH2:FO6S:
396.1043) in HRMS(FAB) dudies Resction of epoxymethanol (36) with TPP in refluxing
CCl;, not unexpectedly, gave the required epoxymethyl chloride (37) in poor yidd, with the
additiond formaion of ringopened products in subgatid raio. The formation of dde
products was subdued condderably by addition of CHCls to enable the solubility of dating
materid in reaction medium and the product was obtaned in gradifying 64% yidd. The
methylene group (CH»Cl) moved upfidd and resonated as two doublets of doublet a 343 ppm
(J = 55, 80 Hz) and 358 ppm in the 'H NMR spectrum. The molecular ion pesk (M*, miz) at
416 in the El gpectrum was an additiona support.

The key transformation was next effected by exposure of 37 to 3 equiv. of LDA, which

resulted in the generation of  propargyl acohal  through double  dimination followed by

Scheme 16a

C_)Bs

. o 0 _LDA (3 equiv.), THF
: -
< > S N ~789C - RT, 65%

RO T

17

concurrent intramolecdar Sv2 cydlisation to provide the THFacetylene derivative (17). This
transformation was dearly verified by *H NMR, IR, El and HRMS spectra data of the product.
In the *H NMR spectrum, the resonances of two ringjunction protons a G and C, appeared
between & 4.38- 453 and a d 4.74 ppm respectively, the acatylenic proton as a doublet a 2.39
ppm and the rest of the protons a the rdevant postions. This was further confirmed by a

molecular ion pesk a (mz) 220 in the El mass spectrum {HRMS. Cdcd. br [CiHiz FO,):
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220.0899. Found 220.0899). The mechanidic detal of this key sep is sketched in scheme 16b.
Thus this centrd trandformation uneventfully framed the man skeleton in one pot with

gopropriate subgtitution and crucid stereochemidiry.

Scheme 16b: mechanism:

OBs '
F4®70 : o I 1st equiv. of
< /I,' C >
SN » base
37 y H
OBs H
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F O - X _ClI
\_,_0 H
2nd equiv. of

base . .
N z
HOH XN
17

Sato's protocol was next deployed to achieve two carbon homologaion, goparently,

through FsB:OEt, fadlitted opening of oxirane & -78 °C with indpient THFylacetylide
generated from 17 with n-butyllithium.** The product, homoprgoargyl dcohal dcohol (38) was

confirmed by dint of *H NMR, IR, El and HRMS spectrd studies. The induction of two new
methylene groups were dearly displayed by the observed resonances a &4 252 ppm as a
doublet of triplet and & 3.74 ppm as a triplet with other festures of sgnas remained intact. The
M™ jon pesk in the FAB mass spectrum a (m2) 264 (HRMS. Cdod. for [CisH1#FO3]
264.1161. Found: 264.1165) approved evidetly the dructure.  The poor NOE  enhancement

observed during the double irradiation of protons & C-2 and C-5 suggested that these protons
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are not in dose proximity, i.e, the redive sereochemidry of junction is probably trans, which
was invariadbly edablished by dngle oysd X-ray cryddlographic sudies  The chird
homogenity of 38 was checked by matching specific rotation with the sample supplied by M/S

Steroids, Chicago, USA {[a]p-34.3 (¢ 14, CHCL), lit [a]o- 34° (¢ 1, CHCL)} .

Scheme 17a
i)n-BulLi, BF,:OEt,
F \ N )
@O\\\\ Q\\ ii) ethylene oxide _
H AN -78 0C - RT, 90%
17
H

The find endeavour was gppending of N-hydroxyuriedyl moiety to 38, which was

effectively accomplished through Abboatt technology, using N-hydroxyurea equivdent NO-bis

(phenoxycarbonyl)hydroxylamine®* Thus, Mitsunobu reection of (38) with Abbott reagent in
the presence of TPP and DIAD gave the fully-protected derivative (39) whose structure was
deduced from the 'H NMR, FAB MS and HRMS spectrd data  The surge in the integration
vaues in the aromdic region (2 x Ph = 10H) and the downfield shifted resonances of CH2NR:
a 416 ppm (compared to CH20H) pinpointed the converson, duly supported by FABMS
[M*+1) a (m2) 520] and HRMS (Cdcd. for [CuHxFNO;]: 5201771 Found: 520.1770).
Ammonolyss of urethane deivaiive (39) on exposure to methanolic ammonia solution
cuminated in the totd synthess of target compound (1) which was identicd in al respects,
viz, 'H NMR, BC NMR, IR, El, HRMS spectra, spedific rotation and meting point with thet

of authentic sample.
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EPILOGUE:

In concluson, we have described a totd synthess of CMI-977 in a complae
dereocontrolled fashion. The assembly of tetrahydrofuran ring with suitable appendages of
aopropriate  sereochemidry  through the centrd  trandformation  “double  dimination-cum-
inramolecular Sy2 ring closure’ conditutes a de novo drategy. We anticipate that the
enantiosdective  synthetic  drategy, detalled above, could be extented to prepae the
corresponding  antipode  through  dterectuning  of  hydrolytic  kinetic  resolution in the  very
beginning step and Sharpless epoxidation and dso a pool of andogues of varying diversty by
incorporating  appropriate changes in the main srategy for diversty-oriented synthesis® The
drug-lead CMI-977, recently rechristened as LDPO77, is currently undergoing advanced
phase dinicd sudies and hope, it will hit the high street of drug market soon to amdiorate the

sufferings of asthmatic patients worldwide.
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EXPERIMENTAL SECTION
1,2-O-1sopr opylidene-D-glycerol (4)*

NaBH; (435 g, 115 mo) was added to a solution of 23-O-isopropylidene-D-
olyceraldehyde 2 (15 g, 115 mmol) in methanol (100 mL) over a period of 5 min. & 0 °C. The
reaction mixture was dirred for 1 h and quenched with dilute HCl. The solvent was evaporated
in vacuo and the residue partitioned between ethyl acetate and water. The organic phase was
washed with brine, dried (NaSOs), concentrated and the resdue purified by dglica gd
chromatography (40% ethyl acetate in hexane) to provide 4 (7.62 g, 50%) as a colourless all.

H NMR (CDCls, 200 MHZ): & 1.34, 141 (25 6H, 2 x CHg), 1.80-2.10 (br s 1H, OH), 344-
381 (m, 3H), 399 (t, J=7Hz, 1H), 418 (g, J = 7 Hz, 1H, H-2)
1,2-O-1s0propylidene -3-O-p-toluenesulphonyl -D-glycer ol (5)

To a dirred solution of 4 (762 g, 58 mmal), trighylamine (1613 ml, 116 mmadl) and
DMAP (61 mg) in dry CH.Cl, (125 mL) was added p-toluenesulphonyl chloride (12.08 g, 64
mmol) under N2 amosphere a& 0 °C. The reaction mixture was siirred a room temperature for
6 h, washed with sodium bicarbonate solution and brine, dried (N&SO,) and concentrated to
afford the resgdue, which on slica gd purification (20% ethyl acetate in hexane as duent) gave
5 (15.2 g, 92%).

'H NMR (CDCls, 200 MHz): & 1.28, 1.32 (2s 6H, 2 x CHs), 246 (s 3H, CHs of tasyl), 3.74
(dd, J = 56, 90 Hz, 1H, H3), 3844.04 (m, 3H, H3', H1, 1), 423 (qui, J = 56 Hz, 1H, H
2), 7.33 (AB d, J=81Hz, 2H, aromatic), 7.77 (AB d, J = 8.1 Hz, 2H, aromatic)

(S)-3-O-(4-Fluor ophenyl)-1,2-O-isopr opylideneglycer ol (6)

Sodium hydride (19 g, 80 mmol) was added dowly to a solution of 4-fluorophenol
(6.54 g, 58 mmoal) in a mixture of THF and DMF (4:1, 60 mL) a& 0 °C. After being tirred for
30 minutes, a olution of 5 (155 g, 54 mmoal) in THF (40 mL) was added a room temperature.

The reaction mixture was dirred overnight and quenched with weater.  After the remova of
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solvent, the resdue was partitioned between ether (200 mL) and water (200 mL). The organic
layer was dried (Na,SO,), concentrated, and the resdue purified by slica gd chromaography
(10% ethyl acetate in hexane) to give 6 (10.8 g, 90%) as a colourless all.
'"H NMR (CDCls, 200 MHz): & 1.32, 1.38 (2s 6H, 2 x CHs), 3.73-383 (m, 2H, H3, 3), 395
(dd, J = 50, 100 Hz, 1H, H-1), 406 (t, J = 100 Hz, 1H, H-1), 433 (qui, J = 6.0 Hz, 1H),
6.68-6.81 (m, 2H, arométic), 6.89 (t, J = 8.8 Hz, 2H, arométic).
(2R)-1-(4-Fluor ophe noxy)pr opane-2,3-diol (7)

A ution of 6 (426 g, 188 mmal) in methanolic HCl (10%, 25mL) was dirred
overnight, quenched with solid NaHCO;, filtered and eveporated. The resdue on dlica gd
chromatographic purification (50% ethyl acetate in hexane) gave 7 (3.2 g, 90%) as a solid.

M.p.: 58-59 °C

[a]p =10 (c 1.0, CHCl3)

IR (CHCl3): 3200 (br), 3020, 1493, 1044, 846 i,

'H NMR (CDClz, 200 MHz): d 209 (br s 1H, OH, D,O exchangesble), 265 (d, 1H, J = 34
Hz, OH), 3.60— 3.87 (m, 2H), 391- 4.12 (m, 3H),6.73 — 7.03 (m, 4H, arométic)

3C NMR (CDCl3, 50 MH2): d 63.6, 69.6, 704, 1154, 1156, 116.1, 1544 and 1550, 159.8

El MSat (m/2): 43 (21), 57 (34), 83 (34), 95 (21), 112 (100), 186 (9) [M"]

HRMS: Cacd. for (CoH11FOs): 186.0962. Found 186.0693

(29-3-(4-Fluor ophenoxy)-1-p-toluenesulphonyloxypr opan-2-ol (8)

The compound 7 (50 g, 268 mmol) and pyridine (45 mL) in CH,Cl, (60 mL) were
cooled to O °C, folowed by the addition of p-toluenesulphonyl chloride (50 g, 268 mmoal)
portionwise. The mixture was girred & room temperature overnight. The solvent was removed
by co-didillaion with toluene and the resdue poured on slica gd and duted (2.3 ehyl acetae

and hexane) to afford 8 (7.7 g, 85%) as acolourless solid.
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'H NMR (CDCl;, 200 MH2): d 2.4 (s, 3H, CHs of tosyl), 294 (bor s 1H, OH), 385 (s 2H,
CH,0), 397— 428 (m, 3H, CH,-OTs + CH-0), 670 (m, 2H, aomdic), 6.88 (t, J = 80 Hz, 2H,
aromatic), 7.25 (AB d, J = 8.1 Hz, 2H, tosyl), 7.74 (AB d, J = 8.1 Hz, 2H, tosyl)
(2R)-2,3-Epoxy-1-(4-fluor ophenoxy)propane (9)

The compound 8 (5.0 g, 14.7 mmal) was taken in a solvent mixture of THF and DMF
(100 mL, 41 raio) and cooled to O °C. Sodium hydride (0.75 g, 19.2 mmal) was then added in
sved lots. After being dirred for 1 h a ambient temperature, THF was removed. The residue
was patitioned between eher (100 mL) and water (100 mL). The ether extract was
successvely washed with water and brine, dried (NaxSO,) and concentrated to afford 9 (253 g,
95%) as a colourless ail, directly used in the next tep.
B.p.: 100 °C a& 4 mm/Hg.
[alp—5.2° (c 1.1, CHCL)
IR (neet): 831, 1215, 1493, 2892 cnit
'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 = 45 157 Hz, 1H, H1'), 6.78-7.09 (m,
4H, aromatic).
El MS (m/2): 51 (100), 75 (23), 83 (80), 95 (31), 112 (98), 125 (20), 168 (54) [M]
HRMS: Calcd. for [CoHeFO,-M™]: 168.0586. Found 168.0580
(2R)-1- (4-Fluor ophenoxy)hex-5-en-2-ol (10)

To a mixture of magnesum (0.89 g, 366 mmol) and iodine (a aydd) in eher (15
mL), a solution of dlyl bromide (30 g, 244 mmol) in ether (10 mL) was dowly added. After
dirring for 30 min. & room temperaure, cuprous cyanide (22 mg) was then added a once
resulting in immediate colour change of reaction mixture into dark brown. After cooling to —22
°C, epoxide 9 (205 g, 122 mmoal) in ether (25 mL) was added dropwise. The reaction mixture

was dirred for 30 minutes & —22 °C, quenched with saturated NH2Cl solution and the resulting
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suspenson dirred for another 30 minutes. Inorganic solid materia was filtered off and washed
with ether. The pooled ether layer was dried (N&SO,) and concentrated to furnish the residue,
which on filtration over dlica gd column (20% ethyl acetate in hexane) gave 10 (2.3 g, 90%)
asacolourlessail.
[a]o —16.2 (c 1.5, CHCl,)
IR (CHCl3): 3400, 2930, 1530, 1215, 830 cni'*
'H NMR (CDCls, 400 MH2): d 158-1.73 (m, 2H, H3, 3), 216-2.40 (m, 2H, CH,-C), 3.80 (t,
J = 84 Hz, 1H, H1), 391 ¢, J = 11.0 Hz, 1H, H-1), 396 — 4.03 (m, 1H), 50 (d, J = 102 Hz,
1H, one of CH,=), 507 (d, J = 174 Hz, 1H, one of CH.=), 576— 591 (m, 1H, CH=), 6.78—
6.88 (M, 2H, aromatic), 6.98 (t, J = 9.0, 2H, aromatic)
3C NMR (CDCk, 50 MH2): d 296, 321, 694 727, 1150, 1155, 1156, 1160, 1380, 1546
and 154.9, 159.7
El MS(m/2): 43 (34), 57 (22), 112 (110), 210 (12) [M*]
HRMS: Calcd. for (CioHisFO,-M™): 211.1089. Found 211.1086.
(2R)-1-(4-Fluor ophenoxy)-2-methanesulphonyloxy-5-hexene (11)

To a solution of acoha (10) (239 g, 109 mmadl), trighylamine (165 g, 16.35 mmol)
and DMAP (013 g, 1.09 mmol) & 0 °C in CH O, methanesulphonyl chloride (15 g, 130
mmal) in CH,Cl, (5 mL) was added dropwise. The reaction mixture was girred for 45 minutes,
washed successively with agueous sodium  bicarbonate and  water, dried (Na&SOs) and
concentrated. The resdue was purified on slica gd (10% ethyl acetate in hexane) to afford 11
(3.15 g, 97%) as a colourless all.
[a]o — 8.8 (c 1.4, CHCl3)
IR (nest): 2950, 1650, 1500, 1350, 1200, 1175, 900 cmiH NMR (CDCls, 200 MHz): &4 1.8 —
20 (M, 2H, H-3, 3), 212234 (m, 2H, H4, 4), 306 (s, 3H, CHS0,), 399 416 (m, 2H, H

1, 1), 488-518 (m, 3H, H-2, CHp=), 5.68-5.92 (M, 1H, CH=), 6.73- 7.05 (M, 4H, aromatic).
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El MS(m'2): 41 (22), 81 (100), 112 (35), 125 (13), 151 (9), 288 (25) [M™]
(4R)-5-(4-Fluor ophenoxy)-4-(methanesulphonyloxy)pentan-1-al (12)

Ozonated oxygen was purged in a solution of olefin 11 (285 g, 95 mmal) in CHQ,
(30 mL) a -78 °C, until the medium turned blue. After the removad of excess ozone by
bubbling N, gas dimethyl sulphide (56 g, 905 mmol) was added. The reaction mixture was
brought to RT, dirred overnight, concentrated and purified by dlica gd  column
chromatography to afford 12 (2.85 g, 96%) asacolourless ail.

IH NMR (CDCls, 200 MH2): & 181 — 220 (m, 2H, H3, 3), 269 (g, J = 69 Hz, 2H, H2, 2),
30 (s 3H, CHSO,), 40 (d, J = 56 Hz, 2H, H-5, 5), 48 496 (m, 1H, H-4), 667-698 (m,
4H, aromdtic), 9.74 (s, 1H, ddehydic)

Ethyl (2E, 6R)-7-(4-fluor ophenoxy)-6-(methanesul phonyloxy)hept-2-en-1-oate (13)

A mixture of ddehyde (12) (70 g 230 mmo) and ethoxycarbonylmethylengri
phenylphosphorane (9.75 g, 280 mmoal) in benzene (100 mL) wes dirred a room temperaure
for 4 h. Removd of solvent and resdue purification by dlica gd chromatogrgphy (30% ethyl
acetate in hexane) gave 13 (7.2 g, 86%) as acolourless ail.

[a]o — 6.4’ (c 1.9, CHCl3)

'H NMR (CDCls, 200 MHZ): & 1.30 (t, J = 80 Hz, 3H, CHs), 1.89 — 208 (m, 2H, H5, 5),
234-253 (m, 2H, H4, 4), 308 (s, 3H, Me of mesyl), 399-4.12 (m, 2H, H7, 7), 418 (g, J =
80 Hz, 2H, OCHy), 497 (qui, J = 6.0 Hz, 1H, H6), 589 (d, J = 160 Hz, 1H, H3), 676-7.07
(m, 5H, aromatic and H-2)

IR (nest): 2952, 1712, 1504, 1312, 1175, 1048, 920, 528 cm™

El MS (m2): 43 (66), 55 (39), 67 (46), 79 (100), 97 (57), 112 (93), 125 (85), 151 (57), 360
(34 [M7].

(2E,6R)-7-(4-Fluor ophenoxy)-6-(methanesulphonyloxy)hept-2-en-1-ol (14)
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DIBAL-H (48 g, 17m {2 M in hexang}, 343 mmol) was dropwise added to a
lution of 13 (562 g, 156 mmol) a —78 °C under N am. After being vigoroudy dirred for 1
h a —78 °C, the reaction mixture was quenched with agueous NH,Cl solution and then dtirred
a room temperature for 2 h. The solid was filtered, and the filtrate concentrated to afford the
crude product, which was purified by dlica gd chromatography (60% ethyl acetate in hexane)
gave 14 (4.61 g, 93%) as amorphous sdid
[a]o —10.8 (c 1.9, CHCl3)
IR (nest): 3384, 2936, 1488, 1344, 1210, 1168, 928, 536 cm™.
'H NMR (CDCl3, 200 MH2): & 1.78-20 (m, 2H, H-5, 5), 217-2.33 (m, 2H, H4, 4), 304 (s
3H, CHsSOy), 3954.15 (m, 4H, H1, 1', 7, 7), 495 (qui, J = 68 Hz, 1H, H-6), 554-5.8 (m,
2H, dlfinic), 6.73-7.03 (m, 4H, aromdtic)
El MS (m2): 41 (43), 55 (34), 67 (60), 81 (16), 94 (100), 112 (90), 125 (16), 152 (19), 318 (9)
[M7]
(25 3S,6R)-2,3-Epoxy-7-(4-fluor ophenoxy)-6-(methanesulphonyloxy)heptan-1-ol (15)

To a olution of titanium tetrakis(isopropoxide) (111 g, 39 mmol) and (+)-DIPT (0.8
mL, 47 mmal) in CHxC> (5 mL) carying activated molecular Seves (4 °A, 05 g ) a —-22 °C,
was added cumene hydroperoxide (1.19 g, 7.8 mmol) dropwise. After 15 minutes, a solution of
dlyl dcohal 14 (1.25 g, 39 mmal) in CH, (15 mL) was added dropwise. The reection flask
was kept in refrigerator for 16 h a —15 °C. Aqueous tartaric acid (10%) was added followed by
dirring for 1 h. The reaction mixture was filtered and the filtrate concentrated. The resdue
was passed through a short dlica gd pad (60% ethyl acetete in hexane) to afford 15 (1.13 g,
86%) as a colourless solid.
[a]o —23.2 (c 1.8, CHCl3)

IR (nest): 3444, 2944, 1520, 1360, 1216, 1170, 920, 560 cm™
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'H NMR (CDCl;, 200 MHz): & 15174 (m, 1H, H5), 1.8204 (br s 3H, H-5 ad H-4, 4),
287-303 (M, 2H, H2, 3), 306 (s 3H, CH:SO,), 352-3.71 (m, 1H, H1), 376392 (m, 1H, H
1), 398-4.17 (m, 2H, H-7, 7), 497 (qui, J = 3.2 Hz, 1H, H-6), 6.73-7.04 (m, 4H, aromaic)
El MS (m2): 41 (53), 43 (71), 55 (56), 67 (49), 95 (42), 112 (62), 125 (33), 152 (31), 334 (13)
[M7]
(2R,3S,6R)-1-Chlor 0-2,3-epoxy- 7-(4-fluor ophenoxy)-6-(methanesulphonyloxy)heptane
(16)

A olution of 15 (103 g, 308 mmol) and triphenylphosphine (162 g, 616 mmoal)
containing sodium bicarbonate (05 g) was refluxed in CCly, (10 mL) for 2 h. Removd of
lvent and resdue purification by slica gd column chromatography (30% ethyl acetate in
hexane) gave 16 (0.54 g, 50%) as a colourless solid.

[a]o —21° (c 0.6, CHCl5)

IR (nest): 1504, 1532, 1216, 1170, 928, 544 cmi'.

IH NMR (CDCl;, 400 MH2): d 157-17 (m, 1H), 191-212 (m, 3H), 289-3.07 (m, 2H, H2,
3), 309 (s 3H, CH3S0,), 347 (dd, J = 53, 120 Hz, 1H, H1), 362 (dd, J = 53, 120 Hz, 1H,
H-1'), 403417 (m, 2H, H-7, 7'), 495 502 (m, 1H, H-6), 6.79-7.04 (M, 4H, aromdtic)

El MS (m32): 41(42), 43 (100), 55 (46), 95 (36), 112 (33), 149 (43), 195 (12), 274 (9), 352 (5)
[M7]

(2R,59)-1-(4-Fluor ophenoxy)-6-heptyne-2,5-diol (18)

n-Butyllithium (0.16 mL, 26 mmol, 1.6 M solution in hexane) was added dropwise to a
ution of 16 (0.3 g, 102 mmal) in dry THF (7 mL) a& —78 °C under nitrogen am. After
dirring for 1 h & —78 °C, the reaction mixture was gradualy warmed to room temperature over
a peiod of 1 h, quenched with agueous NH4Cl solution, and concentrated. The resdue was

taken in ethyl acetate, washed with water and brine, dried (Na,SO,), concentrated. The crude
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product was purified on dlica gd by duting with 40% ethyl acetate in hexane to afford 18
(0.15 g, 85%) as a colourless ail.
'H NMR (CDCls, 200 MHZ): d 152-2.0 (m, 4H, H4, 4 ad H-5, 5), 236 (d, J = 1.8 Hz, 1H,
acetylenic), 2935 (br s 2H, 2 x OH), 3.7-41 (m, 3H, H-3 and H7, 7), 43448 (m, 1H, H
3), 6.83 (M, 2H, aromdtic), 7.02 (t, J = 8.1 Hz, 2H, arométic)
(2R, 5RS)-2-{(4-Fluor ophenoxy)methyl]-5-hydr oxymethyltetr ahydr ofur an (20)

The compound 10a (30 g, 143 mmad), and nCPBA (494 g, 286 mmol, 50% by
purity) were taken in CH,Cl, (60 mL), cooled a —40 °C under N, am. The reaction mixture
was dtirred at —40 °C for 6 h. CSA (100 mg) was then added to the suspension and the reaction
dlowed to dir overnight a room temperature, washed with saurated NaHCO: solution,
saturated Na,S;0; solution, water, and bring, dried (Na,SO,;) and concentrated. The residue
was purified by dlica gd column chromatography (40% ethyl acetate in hexane) to afford 20
(2.3 g, 70%) asacolourlessail.

'H NMR (CDCl3, 200 MHz): d 1.7-2.3 (m, 4H, H3, 3 ad H-4, 4), 351 (dd, J = 5.1, 120 Hz,
1H, one of CHO), 3.73 (dt, J = 3.0, 120 Hz, 1H, one of CH,O), 3.88-4.02 (m, 2H), 407-4.24
(m, 1H), 4.25-4.44 (m, 1H), 6.77-7.04 (m, 4H, aromatic)

(2RS 5R)-2-(2,2' -Dibr omoethenyl)-5-[(4-fluor ophenoxy)methyl]tetr ahydr ofuran (22)

IBX (41 g, 1468 mmol) was added dowly to a solution of 19 (276 g, 1228 mmal) in
DMSO (15 mL). The reection mixture was girred for 1 h, the precipitated solid filtered and
washed with ether and water. The organic extract was washed with brine, dried (Na;SO,) and
concentrated to afford the crude ddehyde (21), which was dissolved in dry CHxC, (50 mL).
Triphenylphosphine (393 g, 1468 mmol) and cabon tetrdbromide (49 g, 1468 mmol) were
successively added a& 0 °C under N a@m. The reaction mixture was tirred for 1 h a room
temperature, evaporaied in vacuo, and the resdue chromatographed on slica gd (5% ethyl

acetate in hexane) to afford 22 (2.9 g, 65%) asacolourless oil.
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'H NMR (CDCls, 200 MH2): d 17201 (m, 2H, H4, 4), 201-240 (m, 2H, H3, 3), 392 (d,
J = 45 Hz, 2H, CH,0), 432 (dt, J = 7.0, 17.8 Hz, 1H, H5), 454.73 (m, 1H, H2), 652 (d, J=
7.8 Hz, 1H, dfinic), 6.76-7.03 (m, 4H, arométic)
(2RS,5R)-2-Ethynyl-5-[ (4-fluor ophenoxy)methyl]tetr ahydr ofuran (23)

To a solution of 22 (065 g, 232 mmal) in THF (10 mL) under N, blanket, n-
butyllithium (3 mL, 4.6 mmol, 1.6 M solution in hexane) was added dropwise for 10 minutes at
—78 °C and gradudly warmed to room temperature over 45 min.  Quenching with agueous
NH4Cl solution (05 mL), evaporaion of the solvent, patition of the resdue between ehyl
acetate and water, drying of organic extract (Na,SO,), and concentration in vacuo. The resdue
was subjected to dlica gd chromatogrephy (5% ethyl acetate in hexane) to afford a mixture of
diastereomers 23a and 23b (0.27 g, 70%) as a colourless ail.

'H NMR (CDCls, 200 MH2): d 181-2.37 (m, 4H, H3, 3 and H-4, 4), 242 (d, J = 28 Hz, 1H,
acetylenic), 391 (dd, J = 56, 9.7 Hz, 1H, one of CH20), 407 (dd, J = 5.6, 9.7 Hz, 1H, one of
CH,0), 424438 ad 44-454 (st of multiplets, 1H, H-5, diasteromeric), 4.60-469 and
4.71-4.80 (s&t of multiplets, 1H, H-2, diasteromeric), 6.78-7.03 (m, 4H, arométic)

( +)-2,3-Epoxy-1-(4-fluor ophenoxy)propane (24)

A mixture of p-fluorophend (50 g, 446 mmol), epichlorohydrin (165 g, 1784 mmoal)
and K;CO; (24.0 g, 1784 mmoal) in anhydrous acetone (100 mL) was heated under reflux for 6
h with vigorous dirring. The reaction mixture was filtered and the filtrate evegporaed on
rotavgpor. After didilling out the excess of eachlorohydrin a 120130 °C, the resdue was
digilled under reduced pressure (bp. 100 °C & 4 mmvHg) to give 24 (85 g, 95%) as a
colourless all.

IH NMR (CDCls, 200 MH2): d 268 (dd, J = 22, 45 Hz, 1H, H-3), 285 (t, J = 45 Hz, 1H, H
3), 327 (m, 1H, H-2), 389 (dd, J = 6.7, 15.7 Hz, 1H, H1), 411 (dd, J = 45, 157 Hz, 1H, H

1), 6.74—7.02 (m, 4H, aromdtic).
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El MSa (m'2): 57 (100), 73 (23), 83 (80), 95 (31), 112 (98), 125 (20), 168 (54).
HRMS: Andl. calcd. for [CoHeFO,-M*]: 168.0586. Found 1680581
(2R)-1-(4-Fluor ophenoxy)pr opane-2, 3-dial (7) and
(29-2,3-Epoxy-1-(4-fluor ophenoxy)propane (31)

The compound 24 (10 g, 595 mmol) and (RR-(sden)Co"(OAc) cadyst (215 mg,
0.29 mmol) were taken in t-butyl methyl ether (20 mL) and cooled to O °C. Conducting weter
(0.6 mL, 32.7 mmol) was then added dropwise for one hour and dirred for additiond 5 hours
a room temperature (monitored by HPLC). The reaction mixture was euted through a short
dlica gd column to obtain epoxide 31 (4.36 g, 46%, 1.9 ethyl acetate hexane) and diol 7 (5.06
0, 46%, 1.1 ethyl acetate: hexane).
Physcd dataof 31:
The characterization data from 'H NMR, IR, EI and HRMS gpectra were identicd in dl
respects with that of 9, except for the sign of the spedific rotation.
[a]o —5.0° (c 1.0, CHCly)
Physicdl dataof 7:
M p.: 58-50 °C
[a]o —1C (c 1.5, CHCl,)
'H NMR (CDCls, 200 MH2): d 209 (br s 1H, OH, D,O exchangesble), 265 (d, 1H, J = 34
Hz, OH), 360— 3.87 (m, 2H), 391 4.12 (m, 3H), 6.73 — 7.03 (M, 4H, aromtic)
(2R)-2-Benzenesulphonyloxy-1-(4-fluor ophenoxy) -5-hexene (32)

The compound 10 (74 g, 352 mmoal), trighylamine (10 mL, 704 mmol) and 4-N,N’-
dimethylaminopyridine (043 g) were dissolved in dry CHxC> (50 mL) and cooled to 0 °C.
Benzenesulphonyl chloride (5 mL, 387 mmoal) in CH,Cl, (10 mL) was added dropwise. After

dirring a room temperature for 6 h, the solvent was stripped off on rotary eveporator, and the
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resdue passed through short slica gd column (1:4 ethyl acetate and hexane) to afford 32 (11.3
0, 92% yidd) as a colourless solid.
M.p.: 63-64 °C
[a]o 5.2 (c 26, CHCl3)
IR (CHCl3): 3415 (br), 1493, 1339, 1170, 923 cri.
'H NMR (CDCls, 200 MH2): d 1.83 (g, J = 7.7 Hz, 2H, H-3, 3), 20-2.23 (m, 2H, H4, 4),
388 — 408 (m, 2H, OCH), 482 (qui, J = 6.4 Hz, 1H, H5), 490- 505 (M, 2H, CH,=), 559—
582 (m, 1H, CH=), 664 (m, 2H, aomatic), 6.9 (t, J = 9.1 Hz, 2H, aomadic), 7.44- 7.68 (m,
3H, PhS0Oy), 7.91(d, J = 6.4 Hz, 2H, PhSO>)
13C NMR (CDCk, 50 MHz): 287, 306, 691, 802 1154, 1155 1157 and 1160, 127.7,
1291, 1336, 136.6, 137.0, 154.1, 155.1, 159.8
El MS(m/2): 77 (100), 112(16), 141 (48), 162 (12), 234 (12), 350 (10) [M ]
HRMS: Calcd. for [CisHisFQxS): 350.0988. Found: 350.099.
Ethyl (2E,6R)-6-benzenesulphonyloxy-7-(4-fluor ophenoxy)hept-2-en-1-oate (34)

Ozone was purged through a solution of 32 (113 g, 325 mmad) in dy CH.Cl, (100
mL) a —-78 °C, until the blue colour perssed (~ 30 minutes). The reaction mixture was
brought to room temperature and then a stream of N, gas passed to remove excess of ozone.
After cooling again to —78 °C, dimethyl aulfide (139 mL, 32. 5 mmol) was added. The reection
mixture was brought to room temperature, girred further for 12 h, washed with water and
brine, and concentrated to afford the crude dadehyde 33 (10.8 g, 95%), which was immediatdy
disolved in benzene (100 mL). Ethoxycarbonyl methylenetriphenylphosphorane (115 g, 33
mmol) was introduced. After being irred for 5 h a ambient temperature, the reaction mixture
was concentrated and the resdue chromatographed on dlica gd (1.3 ethyl acetate hexane) to
afford 34 (8.8 g, 70%) asacolourless ail.

[a]D 58 (C 15, CHC|3)
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IR (CHCls): 2923, 1708, 1493, 1339, 1170, 830 cmi®
'H NMR (CDCls, 200 MHZ): d 1.30 (t, J = 7.1 Hz, 3H, CHs), 1.94 (g J = 6.6 Hz, 2H, H5, 5),
210-240 (m, 2H, H4, 4), 389 410 (m, 2H, CH0), 417 (9, J = 7.1 Hz, 2H, OCHy), 4.82
(Qu, J = 66 Hz, 1H, H-6), 577 (d, J = 16.0 Hz, 1H, H3), 6.60-6.90 (M, 5H, aromatic and H
2), 747—-7.98 (m, 5H, aromatic).
C NMR (CDOs, 50 MHz): d 140, 270, 298, 601, 690, 795, 1154, 1155 1160, 1223,
127.7,129.1, 1337, 136.7, 1464, 153.9, 155.1, 160.0, 166.1
El MS (m2): 41 (34), 43 (52), 55 (30), 57 (36), 77 (100), 96 (28), 125 (40), 142 (37), 152(21),
422 (3 [M7]
HRMS: Cacd. for [Cy1Ho3FOsS]: 422.1199. Found: 422.1180.
(2E,6R)-6-Benzenesul phonyloxy-7-(4-fluor ophenoxy)hept-2-en-1-ol (35)

DIBAL-H (142 mL, 142 mmol, 1 M solution in toluene) was added dropwise over 5
minutes to a solution of 34 (3 g, 7.1 mmoal) in CHxCl2 (30 mL) under N> blanket & —78 °C. The
solution was girred a the same temperaiure for 45 minutes, quenched with saturated NH,Cl
olution. The reection mixture wes filtered through a pad of cdite, dried (Na;SO,) and
concentrated. The resdue was duted through a column of short dlica gd (50% ethyl acetate in
hexane) to obtain 35 (2.2 g, 82%) as a colourless solid.

M.p.: 76-77°C

[a]o 19.5 (c 0.6, CHCl3)

IR (CHCIs): 3562, 2923, 1493, 1323, 1177, 1170, 923 cmi™

'H NMR (CDCls, 200 MHz): d 130-1.46 pr s, 1H, OH), 1.822.0 (m, 4H, H4, 4, 5, 5), 384
413 (m, 4H, H-1, 1', 7, 7), 488 (qui, J = 56 Hz, 1H, H-6), 55573 (m, 2H, H2 & H-3),
6.57-6.72 (m, 2H, aomatic), 6.92 (t, J = 81 Hz, 2H, aomatic), 7.46:7.70 (m, 3H, aomatic),

7.88-801(d, J=7.7 Hz, 2H, arométic)
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13C NMR (CDCh, 50 MHz): d 27.3, 308, 632, 69.1, 803, 1154, 1155, 1156, 1160, 1278,
1291, 1304, 1337, 137.0, 154.0, 1551, 160.1
El MS (m2): 41 (40), 55 (25), 67 (46), 77 (100), 93 (91), 112 (52), 141 (22), 152 (16), B0 (3)
[M]
HRMS: Calcd. for [CioH21FOsS: 380.1093. Found: 380.1098.
(2S3S,6R)-6-Benzenesul phonyloxy-2,3-epoxy-7-(4-fluor ophenoxy)heptan-1-ol (36)

Titanium tetrakig(isopropoxide) (162 g, 547 mmol) and (+)-diisopropyl tartrate (1.07
mL, 6.56 mmol) were sucessively added to a suspenson of powdered molecular seves (4 °A, 3
g), in CH,Cl, (15 mL). After dirring for 5 minutes cumene hydroperoxide (221 mL, 1094
mmol, 80% solution in cumene) was added dropwise.  After dirring for 15 minutes the dlyl
alcoha 35 (20 g, 547 mmal) in CH,C, (10 mL) was added dropwise. The reaction mixture
was dirred for 25 h a —20 °C, left refrigerated overnight, quenched with 10% tartaric acid
Lolution (1 mL) a —20 °C, and dlowed to warm to room temperaure. After filtration of the
reection mixture over cdite pad, the filtraale was dried (anhydrous sodium sulphete), and
concentrated. The chromatographic purification of the resdue on dlica gd (11 ethyl acetae
and hexane) afforded pure epoxy acohol 36 (2.4 g, B%) as a colourless solid.
M.p.: 109-110°C
[a]o 213 (c 1.0, CHCl,)
IR (CHCl3): 3546, 2923, 1508, 1360, 1170, 908, 831, 754 oni*
'H NMR (CDCl;, 200 MHZ): d 139-2.07 (m, 4H, H4, 4, 5, 5), 284-301 (m, 2H, H2 3),
354-372 (m, 1H, H-1), 382408 (m 3H, H-1, 7, 7), 488 (qu, J = 60 Hz, 1H, H-6), 663
(dd, J = 40, 90 Hz, 2H, aomaic) and 692 (t, J = 90 Hz, 2H, aromaic), 7.47-7.72 (m, 3H,
aromdic) and 7.93 (d, J = 7.5 Hz, 2H, aomatic)
3C NMR (CDCh, 50 MHz): d 270, 281, 551 and 582, 614, 691, 803, 11545, 11554,

1160, 127.7, 129.1, 133.7, 136.9, 154.0, 155.1, 160.0
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El MS (m2): 41 (28), 43 (40), 67 (43), 77 (100), 84 (39), 96 (39), 114 (42), 142 (27), 152 (34),
196 (13), 272 (9), 396 (8) [M ]
HRMS: Cdcd. for [CigH21FOsS): 396.1043. Found: 396.1024.
(2R, 3S,6R)-6-Benzenesulphonyloxy-1-chlor o-2,3-epoxy- 7-(4-fluor ophenoxy)heptane (37):

A sution of 36 (225 g, 57 mma) and triphenylphosphine (15 g, 57 mmad) in a
solvent mixture of CHCl; and CCl; (40 mL, 1:1 ratio) containing NaHCO; (0.3 g) was refluxed
for 3 h. Removd of the solvent and subsequent purification of the resdue by slica ge column
chromatography (1:4 ethyl acetate and hexane) afforded 37 (1.5 g, 64%) as a colourless olid.

M.p.: 59-60°C

[a]o —=5.5° (c 0.6, CHCly)

IR (CHCl5): 2939, 1493, 1369, 1185, 923 ami*

'H NMR (CDCls, 200 MH2): d 153 (g, J = 68 Hz, 1H, H-5), 172-209 (m, 3H, H4, 5, 5),
283 (id, J = 23, 55 Hz, 1H, H-3), 292 (id, J = 23, 55 Hz, 1H, H-2), 343 (dd, J = 55, 80
Hz, 1H, H1), 358 (dd, J = 55, 80 Hz, 1H, H-1'), 387-4.10 (m, 2H, H7, 7), 486 (g, J = 68
Hz, 1H, H-6), 658-6.74 (m, 2H, aomatic), 6.92 (t, J = 90 Hz, 2H, aomatic), 7.47-7.73 (m,
3H, aromatic) and 7.92 (d, J = 7.3 Hz, 2H, PhS0>)

El MS (m2): 41 (19), 67(31), 77 (100), 81 (24), 83 (31), 95 (25), 125 (25), 141 (55), 145 (55),
414(10) [M 7]

HRMS: Cacd. for [Ci9H20CIFOsS]: 414.0704. Found: 414.0721.

(2559)-2-Ethynyl-5-[(4-fluor ophenoxy)methyl]tetr ahydr ofuran (17)

A ution of 37 (10 g 242 mmol) in dy THF (8 mL) was added to lithium
diisopropylamide (7.2 mmol) {generated in Stu by the addition of n-BuLi (7.2 mL, 7.2 mmal)
to a solution of diisopropylamine (112 mL, 86 mmal) in dy THF (6 mL) a —40 °C axd
dtermath girring for 15 minutes; a —40 °C. The reection was dirred for 1 h a —40 °C,

gradudly warmed to RT and quenched with agueous NH,Cl (1 mL). The solvent was sripped
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off and the resdue taken in ehyl acetate, washed with water and brine, dried (anhydrous
sodium sulphate) and concentrated. The resdue on dlica gd chromatographic purification (1.9
ethyl acetate) afforded 17 (0.32 g, 60 %) asa colorless liquid.
[a]o —23.0 (c 0.7, CHCly)
IR (CHCl3): 3308, 2923, 2123, 1600, 1493, 1212, 1046, 838 cri*
'H NMR (CDCk, 200 MHZ): d 181-237 (m, 4H, H-3 3, 4, 4), 239 (d, J = 23 Hz,
acetylenic), 386-4.01 (m, 2H, OCH,), 438453 (m, 1H, H5), 474 (dt, J = 30, 56 Hz, 1H, H-
2), 6.76-7.02 (m, 4H, aromatic).
El MS(m/2): 43 (37), 55 (19), 81 (65), 95 (100), 112 (32), 125 (11), 220 (35) [M"].
HRMS: Calcd. for [Ci3H13FO,]: 220.0899. Found: 220.089%.
(2S55S)-2-(4-Hydroxyl -1-butynyl)-5-[(4-fluor ophenoxy)methyl]tetr ahydr ofuran (38)

n-BuLi (5 mL, IM solution in hexane) was added to a solution of 17 (0.8 g, 3.6 mmoal)
in THF (15 mL) a —78 °C. Fedly didilled BF::OE (14 mL, 11.0 mmol) in THF (2 mL) was
then added followed by excess of ethylene oxide in THF (5 mL). The reaction mixture was
dlowed to dir a -78 °C for 30 minutes quenched with agueous NH,Cl solution, and
concentrated on rotary evgporator. The resdue was teken in ethyl acetate, washed with water
and brine, dried (NaSO,4), and concentrated. The crude product was purified by column
chromatography to afford 38 (0.87 g, 90% yield) asacolorless solid.
M.p.: 72-73°C; lit. 77-79°C
[alo —34.3 (c 1.8, CHCl,); lit. [a]o —34.0 (c 1.8, CHCl3)
'H NMR (CDCl;, 200 MHZ): d 167-1.77 (br s, 1H, OH), 1.78-2.37 (m, 4H, H3, 4, 4), 252
(dt, J = 17, 64 Hz, 2H, °©-CH.), 374 (t, J = 64 Hz, 2H, CHOH), 394 (d, J = 50 Hz, 2H,

ArOCH), 4.40-4.54 (m, 1H, H-5), 4.72-4.83 (m, 1H, H-2), 6.80-7.06 (m, 4H, aromatic)
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13C NMR (CDCk, 50 MH2): d 230, 17.7, 333, 60.7, 689, 706, 768, 8L1, 821, 11541156,
115.8,154.8, 1596
El MS (m2): 65 (33), 67 (42), 69 (92), 77 (100), 79 (84), 81 (48), 83 (49), 111 (46), 112 (67),
121 (45), 125 (28), 139 (55), 152 912), 264 (8) (M*+1)
HRMS: Calcd. for [CroH13FOs-M]: 264.1161. Found: 264.1165.
(2S55)-5-[(4-Fluor ophenoxyl)methyl]-2-(4-N,O-bis(phenoxycar bonyl)hydr oxylamino) -1-
butynyl]tetrahydrofuran (39)

To a Llution of 38 (1.0 g, 3.8 mmal), triphenylphosphine (117 g, 405 mmoal) and N,O-
big(phenoxycarbonyl)hydroxylamine (124 g, 405 mmd) in THF (15 mL), was added
diisopropylazodicarboxylate (082 g, 405 mmol) dropwise a& 0 °C for 5 min. The reection
mixture was girred & 0 °C for 30 min. and a room temperature for 6 h. The solvent was
dripped off and the resdue chromatographicdly purified on glica gd (1.7 ethyl acetate and
hexane) to provide 39 (1.6 g, 80%)

[a]o —184° (c 0.9, CHCl3)

'H NMR (CDCls, 200 MH2): d 1.76 (m, 1H), 1.95 (m, 1H), 2.13 (m, 2H), 264 (t, J = 68 Hz,
2H, CHuN), 3.79 (dd, J = 20, 45 Hz), 395 (t, 2H, J = 68 Hz, °-CH,), 433 (m, 1H), 463 (m,
1H, H-2), 6.636.93 (M, 4H, aromdtic), 7.13-7.50 (m, 10 H, arometic)

FABMS at (m'2): 520

HRMS: Calcd. for [CyoHsFNO- M*+1]: 520.1771. Found: 520.1770

(2S,59) -trans-5[ (4-fluor ophenoxy)methyl]-2-(4-N-hydr oxyur eid-1-butynyl)tetr ahydr o

furan (CM1-977) (1)*

Ammonia gas was purged into a solution of 39 (1.0 g, 193 mmal) in methanal (10 mL)
at 0 °C for 30 minutes The reaction mixture was adlowed to gir at ambient temperature for 1 h.
Rotary evgporation of the solvent, followed by purification of the resdue on dution through a

ghort slicagd pad (CHCls:MeOH, 20:1) afforded 1 (1.3 g, 70%) as a col ourless solid.
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M.p.: 106 — 107 °C; lit. 113-114°C
[a]o —46.8 (c 1.1, MeOH) lit., [a]o—47.8 ° (c 0.3, CDLOD)
'H NMR (CDCl3, 200 MH2Z): d 1.83 (m, 1H, H-4), 201 (m, 1H, H-4) 2.22 (m, 2H, H-3, 3),
254(t, J=7.8Hz, 2H,© -CH,), 3.68 (t, J = 7.8 Hz, 2H, CH,N), 391 (m, 2H, CH,0), 4.46 (m,
1H, H-5), 473 (m, 1H, H-2), 5.68 (br 5, 2H, NH,), 6.78 - 7.02 (m, 4H, aromatic), 895 (s, 1H,
N-OH)
BCNMR (CDCl3, 50 MH2): d 17.13, 27.66, 33.28, 48.62, 69.08, 70.72, 76.36, 80.72, 82.80,
11550, 115.63, 115.97, 154.98, 159.70,161.84
FABMS a (m2): 137 (42), 154 (54), 280 (11), 324 (100) [M*+1]

HRMS: Calcd. for [CisHigFNoOa-M ™+1]: 323.1407. Found: 323.1424.
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STEREOSELECTIVE SYNTHES S OF (2S,59)-5-(4-
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PRESENT WORK

The advent of genomic stences rgpid DNA sequencing, combinatorid chemidry,
cel based assays and automated high-throughput screening have led to the new paradigm
in ‘drug discovery' a the dawn of 21% century.*® Recombinant proteins and monodond
antibodies under the charm “biopharmaceuticals’ have greaily enriched our thergpeutic
amamentarium. Genomic stience, combined with bicinformatic tools, dlow us to dissect
the gendtic bass of multifactorid diseeses and to determine the mogt suitable points of
atack for future medicines, thereby increesng the number of treatment options,
Computationd  revolution through sSmulaion of molecular processes in cdls and
predictions of drug effects in humans will advance pharmaceuticd reseerch. Prognodtic
genotyping and diagnogtic molecular profiling may soon cause fundamentd changes in the
practice of hedlth care of new world order.*’

Protein-protein  interections eg., the binding of immunoglobulin E, vascular
endothdid growth factor or IL-2 or IL-5 to their respective receptors, represent very
atractive drug targets in the case of dlergies and ashma Traditiond smdl molecule drug
discoveries have largely faled with these targets. However, protein-protein interfaces have
“hot spots’ smdl regions that are criticd to binding and that have the same Sze as smdl
molecules. The targeting of these hot spots by smal molecules may turn out to be cgpeble
of undedrable protein-protein interactions. Combinatorid chemisry comes in handy, in
this aspect, to expose a large number of hypotheticd targets that are incorporated into in
vitro or cdl based assays to large number of compounds representing numerous variations
on a gregter number of themes in high throughput configurations. Many ‘hit-compounds
that dicit a podtive reponse to a particular assay would like to give rise to few ‘lead
compounds that show podtive response in complex modes (cdls and animds). This will

advance to lead optimizaion and discovery. Hence, target oriented synthess hes
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effectivdy been replaced by diversty oriented synthess leading to Sructuraly-complex
sndl molecules, in modern drug discovery. In this background, in the aftermath  of
completion of enantiosdective synthess of anti-ashmatic lead candidate, CMI-977, it was
planned in these laboratories to synthesse a library of smilar compounds that will differ in
ring Sze haeoaom, sde chan lengthvhomologation etc., without disurbing the man

‘pharmacologica core regpongble for activity that will lead to sysematic investigation of

Q%

AZA-CMI-977
(40)

sructure-activity reaionship. Out of the core group formed for andogues making, we
were interested in the aza derivative of CMI-977 (40) snce nitrogen is an indispensable
pat of many compounds induding dkadoids amino adds azecarbohydrates and
mecromolecules  (induding  protens  glycopeptidess, DNA, RNA and othe aza
supramolecules)  avalable in natures dore Thee compounds indulge in vaious
physologicd functions, right from lifeemaking process to behaviourd control and
photosynthess These type compounds play dubious role of didinction while one type of
molecules have been implicated in severd human disorders like cancer-inducing,
hdlucinogenic property, inflammetion, etc, the other kind incduding severd of synthetic
origin serve to cure and control these debilitating diseases like asthma, schizophrenia, HIV
(AZT) and other infectious alments® Out of compendium of excelent strategies for the
condruction of trans-fused pyrrolidine rings avalable in literature, we chose to implement
an andogous technology to condruct this molecule based on our experience in CMI-977.
The synthetic planning was congtrued to arise from the heurigtic operations, as described in

the antithetic andyss (scheme 18). The initid C-C disconnection involved the separdion
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of N-ethyl-N-hydroxyurea (B) from the acetylenic fragment (A). Ring disconnection of
ethynylpyrrolidine was made bassd on intramolecular S2 Mitsunobu  transformation,
resulting in aminodoohol (C). The righternpart, propargyl docoha in (C) could be equaed
equitably to epoxymethandl (D). Further smplification of gSereochemicd and functiond
group based complexity will generate the offgring synthon akenyl amine (E), which was

expected to arise from the corresponding dcohal (F) avalable dreedy in our hand.

Scheme (18)
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Retrosynthetic Analysis

It is indructive to preface the discusson on the key trandormation (C® A). The
aitebly-framed 14-azidodoohol (G) was expected to be an acyclic equivdent of pyrrolidine
(H), as the reaction of 14-azidodcohol with TPP would ddiver the corresponding pyrralidine

derivative. The ectrophilic azgphosphorane, which forms fird, would be trgpped by internd
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OH group to form putaive cydic phogphoxazapane intermediate that will leed to pyrrolidine

with the extrusion of TPPO (scheme 19).%

Scheme 19
F
OH
/\/\)\ PP - FOO\ O\
0" X -TPPO, -\, NT TS
N, H
G F

In the synthetic process, the homochird dlyl doohol (35), a known intermediate
(decribed in the previous section), was converted to its azido derivative @1) in the presence of
LiN3 in DMF & 50 °C. In the *H NMR spectrum of 41, the proton a azide bearing carbon
gave a multiplet & 3.60— 3.76 ppm. The IR spectrum possessed a strong signd a 2100 o’
characteridic of azide group. The next step would pave the way for cregtion of second chird
centre through Shapless epoxidetion. Asymmelric epoxidation of (41) with oichiometric
amount of reagents Ti(O-Pr)4/(+)-DIPT/cumene hydroperoxide in the presence of 4 °A
molecular deves gave the 23-egpoxymethanol (42) in moderate yidd, in addition to the
formation of a highly polar product which could not be isolated for characterization. In the 'H
NMR spectrum of 42, pesks corresponding to epoxy protons appeared a 2.86—-306 ppm as
multiplets, while no change was encountered with rest of the protons. The succeeding step was
the converson of epoxymethanol to epoxymethyl chloride. Since the one-pot transformation
with TPP in refluxing CCl, was observed as a low-yidding process in the synthesis of CMI-
977, a two-dep procedure was followed. Accordingly, (42) was converted to glycidol tosylte
(43) on tregting with p-toluenesulphonyl chloride, EtsN and catdytic DMAP in CH,Cl, in 85%
yidd. The converson was confirmed by the 'H NMR spectrum, with new pesks owing to
toluenesulphonyl group (a snglet a 245 ppm and two doublets {A,Bj} between 7.28- 7.82

ppm). Thiswas uneventfully transformed into 2,3-epoxymethyl chloride (44) by treeting with
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Scheme 20
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LiCl in DMF a ambient temperature in excelent yidd. In 'H NMR spectrum of 44, the
characteristic sgnas due to CHz of CHxCl were observed a & 3.36-3.70 ppm, wheress the
remaining Sgnas were in complete agreement with the assgned dructure. The compound 44
was then trested with 3 equiv. of LDA a —78 °C to obtan propargyl acohol. However, the
major isolated product didn't provide the dear image over the sructure as the H NMR
goectrum was complex and suggested mixture of compounds formed probably due to
destructive decomposition of 44. Hence, we stopped & this juncture and looked for dternative.

With the falure of asymmetric route, the quest for conquering the synthesis of nitrogen

mimic of CMI-977 solely rested on the prospects of “ chiron gpproach” which over the years
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hes been nurtured by the synthetic chemists to manoeuver chemicdly and Stereochemicdly
with obvious operationd and practicd advantages to redize the asymmetric targets™ Readily
avalable chird darting materids such as amino acids have ther unique place in the practice of
at of synthetic design, paticulaly when one or two chird centers are sought.  The
scrutinization of the molecular architecture of our target to locae the dements of symmetry,
chirdity and functiondity, decoding such information and trangposing it onto the carbon
framework of suitable synthetic precursors (chirons) should imply L-pyroglutamic add by

systemdtic functiondization. Essentidly, L-pyroglutamic acid poses as areplica of a segment

O
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e e
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Scheme 21: Retrosynthetic analysis

of our targe, i.e, as chird templae. The overdl chiron drategy is described in scheme 21
The pivotd dep in this draegy is the C-C bond formation to &ffix the 9de chan a C-2

pogtion, i.e, a the prevaling carbonyl pogtion of lactam (D) with control of Stereochemisiry
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taking advantage of naurd inherent chirdity.  This precarious planning should reved L-
glutamic acid, the acydic precursor of L-pyroglutamic acid as the chiron progenitor to dart
with.

Before launching the synthess, as planned in the preceding lines, a modd sudy was
conducted to probe the conceivability of the crux of the Strategy, the GC bond formation in the
nudeophilic addition of N-acyliminium ion for dedining the dudve dde chan. In accordance
with, smple 2-pyrrdidinone (46) was chosen that is reminiscent of the compound used to
access the target molecule  The compound 46 was converted to its corresponding lactol (47)
through protection as the carbamate derivetive followed by reduction with DIBAL-H in good
yidd. Since the '"H NMR spectrum of the compound (47) was short of darity, it was further
converted to (2)-methoxypyrralidine (48) on exposure to PTSA in methanal, which was reedily
confirmed by the *H NMR spectrum. Replacement of methoxy group with benzenesulphonyl
group was eesly accomplished on trestment with freshly prepared PhSO-H in CHCl, to afford

the corresponding derivaive (49). Thediakyl zinc reegent, derived in Situ from ZnBr2 and

Scheme 22

& 1) (Boc),0, DMAP, THF Q\OH PTSA, MeOH Q\OMe

2) DIBAL-H, DCM Bloc RT Boc
(46) (47) (48)
PhSO,H, CaCl, =—CH,CH,0THP iprvgBr
pem RT N7 SOPh ZnBr, THE, RT N~ OTHP
Boc Boc
(49) (50)

4-tetrahydropyranyloxy-1-butynylmagnesum bromide smoothly reected with the subdrate to
provide the C-C coupled product, homopropargylpyrralidine derivative (50). The PMR specira

of both the compounds (49) and (50) highlighted the mgor structurd feetures evidently.
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The euphoria generated in the modd studies seemed suffice to carry forward en route
to the promised target. In the synthetic direction, L-glutamic acid 61) was converted to N-(4-
methoxybenzyl)-2-oxopraline  (52) in 24% yidd, according to Decroix protocol,” which
involved the trestment with p-anisddehyde and NaBHs under basic pH. Ederification was
next performed with catdytic SOCl,; in methanol to afford the methyl ester (53) in 95% yied.
The product was confirmed by the rdevant signds in the *H NMR spectrum. Reduction of 53
was conveniently accomplished with LiBHs  {generated in Stu from NaBHs and LiCl in a

solvent mixture of THF and EtOH} to obtain hydroxymethylpyrralidinone (54) in 95% yidd.>?

Scheme 23
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The PMB group was identified by a snglet & d 375 ppm due to OCH3 group, two doublets at
4.08 and 4.78 ppm due to benzylic methylene group and another two doublets a 6.79 and 7.14
ppm. The methylene protons of CH,OH resonated in the region of 3.37-352 ppm. The
corresponding tosylate derivative 65) was obtained in good yidd from 54 usng TsCl and EtN
and DMAP in CH2Clo. The new sgnds a 280 ppm due to CHs group and 7.38 and 7.76 ppm
(A;B, doublets) due to tosyl group in the 'H NMR spectrum confirmed the product.

Subdtitution of tosylate ester in 55 with sodium sdt of 4-fluorophenol was achieved a ambient
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temperature in the presence of cadytic n-BuN™l" in DMF in 89% yidd. The product (4-
fluorophenoxy)methylpyrrolidinone (56) was confirmed by spectrd studies such as 'H NMR,
3C NMR, IR, El and HRMS. The *H NMR spectrum of 56 reveded the charecteristic pesks
due to 4-fluorophenoxy group and absence of pesks owing to tosyl group. The obsarvationsin

3C NMR, a doublet a d 1544 and 154.6 ppm due to aomatic C-F and a snglet a 159.0 ppm
daming of aomaic C-O was characteristic of 4-fluorophenoxy group. The molecular formula
was confirmed by EI MS through the molecular ion peek a (mz) 330 and reedily by HRMS
(Calcd. for [C1gHa1FNOs]: 330.1505. Found: 330.1520).

Unmesking of N-PMB group in 56 was accomplished with CAN to provide the free
pyrrdlidinone (57) in 77% yield*® This deprotection was supported by the 'H NMR spectrum
by the dissppearance of pesks due to N-PMB group. The ¥C NMR, IR, El MS [(M*+1) a
(mz) 210] and HRMS (Cdcd. for [CiH1gFNO,: 210.0930. Found: 209.0850) spectrd dudies
adso supported the dtructure.  Protection of lactam (B67) as its carbamate (68) was effected with
di-tert-butyldicarbonate and stiochiometric DMAP in THF a room temperature to afford 60 in
86% vyidd. The H NMR, *C NMR, IR, El, ard HRMS spectrd data scrupuloudy indicated
the carbamate protection. In the *H NMR spectrum of 58, a singlet & 1.53 ppm due to t-butyl
group (N-Boc) was gppeared, wheress the rest of the protons were in complete agreement with
the assigned sucture. The EI spectrum with the molecular ion pesk a (Mz) 310 and HRMS
data (Cdcd. for [CieH2FNO4: 309.1376. Found: 309.1365) wee dso in favour of the
sructure.  Reduction of 58 with DIBAL-H a —78 °C in CHxCl2 provided the corresponding 2-
hydroxypyrrolidine (59) as a diasereomeric mixture in quatitative yidd. The diasteromeric
nature in concert with rotameric population due to N-Boc group gave the broad pesks in 'H
NMR spectrum dthough the pesks accounted for the overdl number and environment of
protons. This precursor lad the Stuaion to introduce the appendage @& C, postion via the

Lewis acid mediated nudeophilic addition to N-acyliminium ion in diastereosdective fashion.
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Scheme 24
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Though hernlammd compounds have been repoted to undergo  nudeophilic

subdtitution in the presence of various Lewis acids, especidly BFs:OEb, TiCls, SnCls, €tc., this
method is flaved with severd factors only countable drength of nucleophiles like dlylTMS
TMSCN, TMSN;, ec., inferior yidd and stereosdectivity, and Lewis-acid dependency.” A
modified verson, enacted by SV. Ley, has scored popularity in recent years to accomplish the
same job devoid of aforesaid factors®® This method replaces the less stable imind with steble
eectrophilic  counterpat  2-arenesulphonylpyrrolidine. The  attrective  features  of  this
methodology indude the gdability and cryddline naure of mogt sulphone derivatives paving
for easy purification by recryddlisation, amendbility to broad range of nucleophiles, easy-to-
peform and work up, good dSereosdectivity and no requirement for externd Lewis acid
additive. Accordingly, when we exposad hemiamind (59) to PhSO,H in DCM a ambient
temperature as per the literature precedent, no product was imminent from the reaction. When
the reection was conducted with refluxing CHCl3, no change was obsarved in TLC. Rasng
the temperaure of the reaction medium further (110 °C) with refluxing toluene resulted in the
Oeterioration of dating maerid 59. The addition of HSO/PTSA that will fadlitate the
formetion of putative intermediatle N-acyliminium ion because of ther superior addity to

PhSO,H didn’t cause any improvement.
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Hence, we next invedtigated this reection with the intermediate 61, which was eesly
obtained from 59 on exposure to PTSA in mehandl, in accordance with the modd sudies
(scheme 23). The product (61) was found to be a diagereomeric mixture, as it was evident
from each st of diginct sgnds for OMe group (two snglets in the region of d 3.29-353 ppm),

C-1 proton (two broad multiplets between d 5.10-557 ppm) and t-butyl protons (two snglets

between d 1.41.6 ppm) in the'H NMR spectrum.

Exposure of 2-methoxypyrrolidine (61) to PhSOzH in CH:Cl2 in the presence of CaClz
a ambient temperature afforded the desired 2-benzenesulphonylpyrrdlidine (60) in a gpot-to-
oot converson to much of our saisfaction. The feashility of this reaction a the minuscule
difference a the reaction gte, i.e, from hemiamind to amind invitess some mechanigic
explanaion snce the same reaction has been reported to proceed a equd tenor in the case of
glycd and its methylated derivative glycosde® The probable explanation that will account for
this stereodectronic bias rdies on the better leaving nature of OMe group as MeOH compared
to the OH group a H:0, dter initid protonation with PhSO;H. The sdient festures of
structure (60) were dlearly corroborated from the spectrd daa in *H NMR, IR, FAB MS
{(M+1) a (mz) 436} ad HRMS (Cdcd for [CupHxFNO,S): 4361593, Fourd: 436.1624).
The induction of SO2Ph was dealy visble through the multiple pesks between d 7.49-7.97
ppmin the *H NMR spectrum.

The auphone intermedigte (60) was reacted with the didkylzinc nudeophile

{ generated in Situ by the addition of 4-tetrahydropyranyloxy-1-butynylmeagnesum bromideto
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Scheme 26
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zinc bromide in THF a ambient temperature} in THF for 10 h a ambient temperature.  The
THP eher derivative (62), which was identified by its '"H NMR spectrum, was subsequently
dirred with catdytic PPTS in methanol to retrieve the homopropargyl dcohol (63) {in 80%
yidd for ovedl two sepst. The dructure was unambiguoudy deived from the rdevant
chemicd <hifts in the 'H NMR spetrum. The two CH, groups of homopropargylic part

appeared at 2.44 (CH2-C) and 3.70 ppm (CH-O). The diasteromeric excess information could

Scheme 27
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not be quantified from the "H NMR spectrum, probably, because of the rotameric distortion of

OTHP

sgnas® The diastereomers were not separable by flash chromatography.  However, the
mixture was found to be in 87:13 raio through andyticd HPLC (ODS column, mobile phese:
40% acetonitrile+20% water+40% methanol; retention times: 205 and 24.2). The dructure of

63 was dso supported by °C NMR and DEPT, FAB MS [(M*+1) a 364] and HRMS (Calcd.
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for [CooHasFNO4]: 364.1924. Found: 364.1917) soectrd data Trandormation of 63 into the
target molecule 40 was carried out essentidly by the same scheme as reported for CMI-977.

The compound 63 was converted to fully protected urethane derivative (64) via
Mitsunobu reection on treetment with the reagents TPP/DEAD/N,O-big(phenoxycarbonyl)
hydroxylamine. The dructure was edtablished with the assistance of *H NMR  spectrum.
Exposure of ©4) to methanolic solution of NH; released the N-hydroxyurea derivative (65) in
80% vyidd through ammonolyss. The dructure was fully secured on the basis of information
from 'H NMR, *C NMR, DEPT, IR and FAB MS spectral data  The last endeavour, trestment
with trifluoroacetic acid in CH,Cl, a room temperature conveniently resulted in the remova of
Boc group to reach, dfter purification of the impure product by column chromatography, the

target molecule (40), which was subgtantiated for its structure by the correlaive information

Scheme 28
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from *H NMR, *C NMR, FABMS and DEPT dudies. It was mter&stlng to note that when we

:<

T

subjected the find compound to HPLC andyss, only one pesk was observed with both reverse

phase and chird columns indicaing that the minor cis isomer might have been removed from
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the mixture during purification. Accordingly, the trans-stereochemistry of 40 was established
by the extensve NOE and NOESY dudies
Conclusion:

In summary, a condse and expedient synthess of nitrogen variant of CMI-477 (40) has
been conceptudized in gereocontrolled manner under active control of subgrate from the
naturd redm of L-glutamic add with amiability for large-scde manufacture. The compound
has been submitted to Cytomed Inc. USA for evduaing pharmacologica profile (PK/PD) in
the tretment of asthma especidly for 5-lipoxygenase inhibition. This compound joins the
dmara of compounds avalable to medicind chemig to test for asthma in addition to other anti-
inflanmatory diseases. The future will envison that synergism between the combinaorid and
gynthetic  chemids (diversty oriented) will outgrow, thriving upon such smdl molecule
inhibitors and potentid andlogues to hammer out asghma and enhance the human life for new

world order.
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EXPERIMENTAL SECTION
(69-6-Azido-7-(4-fluor ophenoxy)hept-2-en-1-ol (41)

A mixture of sulphonaie 35 (702 g, 1847 mmol) and LiN3 (09 g, 1847 mmad) in
DMF (35 mL) was dtirred for 3 h a 50 °C. The reaction mixture was diluted with ether (100
mL) and water (200 mL) and the organic extract washed with water and brine, dried (NaSO,),
and evgporated. The reddue on dlica gd column purification (30% ethyl acetate in hexane)
afforded 41 (3.70 g, 75%) asacolourless ail.
'H NMR (CDCOs, 200 MH2): d 151-1.73 (m, 2H, H5, 5), 2125 (m, 3H, OH, H4, 4), 359-
376 (m, 1H, H-6), 38413 (m, 4H, H-1, 1', 7, 7), 554578 (m, 2H, H2, 3), 6.74-702 (m,
4H, arométic).
(2R,3R,69-6-Azido-2,3-epoxy-7-(4-fluor ophenoxy) - 1-(p-tolunesul phonyl oxy)heptane (43)

Ti(OiPr); (L1 mL, 377 mmol) and (+)-DIPT (1.1 mL, 3.77 mmol) were added to a
suspenson of molecular seves (4 °A, 1 g) in CHCO2 (10 mL). After cooling the mixture to —
20 °C, CuHP (115 g, 7.54 mmol) wes added. After a ggp of 15 minutes, a solution of 41 (11 g,
375 mmal) in CH,Cl, (5 mL) was added dropwise. The reaction mixture, after being dirred a
—20 °C for 3 h, was quenched with 10% tataic acid solution, filtered and the filtrate
concentrated.  The residue was purified by silica gd chromatography (40% ethyl acetate in
hexane) to afford 42 (0.64 g, 60%) asan ail.
'H NMR (CDCls, 200 MH2): d 147-2.2 (m, 5H, OH, H4, 4, 5, 5), 2833.07 (m, 2H, H2, 3),
353-383 (M, 2H, H-1, 6), 3.84-4.10 (m, 3H, H-1', 7, 7), 6.78-7.07 (M, 4H, aromatic)

p-Toluenesulphonyl chloride (04 g, 208 mmol) was added to a mixture of compound
42 (05 g, 1.9 mmoadl), triethylamine (0.5 mL, 3.8 mmoal), and DMAP (16 mg) in CH, (20
mL). The reaction mixture was washed with agueous NaHCOs solution, weter and brine, dried
(NaxSOy), concentrated, and the resdue chromatographicaly purified on dlica gd (20% ethyl

acetate in hexane) to afford 43 (0.7 g, 85%) asa colourless ail.
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'H NMR (CDCls, 200 MH2): d 157-1.82 (m, 4H, H4, 4, 5, 5), 245 (s 3H, CHs), 280-290
(m, 1H, H-3), 293-302 (m, 1H, H-2), 363-379 (m, 1H, H-6), 376419 (m, 4H, H-1, 1, 7,
7), 6.76-702 (m, 4H, aomdic), 7.33 (d, J =79 Hz, 2H, aomdic), 7.78 (d, J =79 Hz, 2H,
aromatic).
[a]o 234 (c 0.7, CHCl,)
(2R,3R,69-6-Azido-1-chlor o-2,3-epoxy-7-(4-fluor ophenoxy)heptane (44)

A mixture of 43 (0.7 g, 1.6 mmol) and LiCl (81 mg, 1.9 mmoal) in DMF (5 mL) was
dirred a room temperature for 3 h, and diluted with ether (25 mL) and water (25 mL). The
organic layer was washed with water and brine, dried (Na2SQOs) and concentrated. The residue
was purified by slicagd column chromatography to give 44 (0.4 g, 85%) as acolourless ail.

'H NMR (CDCls, 200 MH2): d 152-2.04 (m, 4H, H4, 4, 5, 5), 2832.94 (m, 1H, H3), 302
(ct, J = 14, 58 Hz, 1H, H2), 343 (dd, J = 56, 120 Hz, 1H, H1), 364 (dd, J = 56, 120 Hz,
1H, H-1'), 37384 (m, 1H, H-6), 3.9-4.10 (M, 2H, H-7, 7'), 6.787.04 (m, 4H, aromatic)
(9-5-Methoxycar bonyl-1-(4-methoxybenzyl)-2-pyrrolidinone (53)

To a lution of (§)-glutamic acid 51 (50 g, 340 mmal) in 2 M NaOH (300 mL), was
added a solution of p-anisddehyde (46.3 g, 340 mmol) in ethanol (50 mL). Following Hirring
for 30 min, the reaction mixture was cooled to O °C and sodium borohydride (38 g, 0.1
mmol) was added in portions. After being dirred for 2 h & room temperaiure, an additiond
amount of p-anisddehyde (4.6 g, 33 mmol) was added. After a ggo of 30 min, NaBH, (0.25
g, 0.006 mmal) was added. The reection mixture was irred for 1 h, and extracted with ether (3
x 300 mL). The pH of the agueous layer was adjusted to ~ 3 by dropwise addition of conc.
HCl a 0 °C. The precipitated solid was filtered off, dried and then dissolved in ethanal (700
mL). After refluxing for 5 h, the solution was concentrated and the residue taken in CH,Cl,,
Fitration of the undissolved materid and eveporation of the filtrate gave the crude product 52

(20 g, 24%) as acolourless solid
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To a lution of 52 (20 @) in dry methenol (500 mL), thionyl chloride (2 mL) was
added for 2 min. After being dirred for 12 h a room temperature, the reaction mixture was
neutraized with saturated NaHCO; solution, eveporated in vacuo, and the resdue dissolved in
ethyl acetatle, washed with water and brine, dried (anhydrous sodium  sulphete), and
concentrated. The resdue on purification by dlica gd chromatography (20% ethyl acetate in
hexane) gave 53 (20 g, 95%) asacolourlessail.

'H NMR (CDCls, 200 MHz): d 193— 263 (m, 4H, H3, 3, 4, 4), 366 (s 3H, COLCH3), 3.76
(s 3H, OCH3), 382399 (m + d, 2H, H5, one of NCH,), 490 (d, J = 100 Hz, 1H, one of
NCH,), 6.78 (d, J = 8.2 Hz, 2H, aromaiic), 7.09 (d, J = 8.2 Hz, 2H, aromdtic).
(S)-5-Hydroxymethyl-1-(4-methoxybenzyl)-2-pyrrolidinone (54)

Lithium chloride (817 g, 190 mmol) and sodium borohydride (7.2 g, 190 mmal) were
taken in a solvent mixture of ethanol (100 mL) and THF (60 mL) & O °C. After vigorous
dirring for 1 h a room temperature, to the resulting suspension, a solution of 53 (20 g, 76
mmol) in THF (40 mL) was added. The reaction mixture was dirred for 6 h a room
temperature, the solid filtered off, and the filtrate neutrdised to pH ~ 7 by dropwise addition of
saturated NH4Cl <olution & O °C. The solvent was removed in vacuo and the resdue
partitioned between ethyl acetate and water. The organic extract was washed with brine, dried
(anhydrous N&SO,) and concentrated on rotavgpor to afford the crude product 54 (17 g, 95%)
asacolourless ail, which was directly used in the next reection.

[a]p 740°(c 1.0, CHCly)

'H NMR (CDCls, 200 MH2): d 19 — 216 (g, J = 7.7 Hz, 2H, H4, 4), 222— 264 (m, 3H, OH,
H-3, 3), 337-352 (m, 2H, CH,0), 371-383 (m + s 4H, H-5, ArOCH,), 408 (d, J = 105 Hz,
2H, one of NCH,), 478 (d, J = 105 Hz, 2H, one d NCH,), 6.79 (d, J = 82 Hz, 2H, aomatic),
7.14(d, J = 82 Hz, 2H, aromatic).

(S)-1-(4-M ethoxybenzyl)-5-(p-toluenesulphonyloxy)methyl-2-pyrrolidinone (55):
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A mixture of 54 (5 g, 21.28 mmal), p-toluenesulphonyl chloride (4.46 g, 235 mmoal),
trithylamine (4.3 g, 4256 mmol) and DMAP (100 mg) in CHCl, (75 mL) wes dirred for 12 h
a room temperature. The reaction mixture was washed with saturated NaHCO; solution, water
and brine, dried (anhydrous Na»SQs) and concentrated to afford the crude product, which was
filtered through a slica gd column (50% ethyl acetate in hexane) to afford 55 (7.5 g, 90%) as a
colorlesssolid.
'H NMR (CDCls, 200 MHZ): d 1. 741.93 (m, 1H, H4), 1.96- 218 (m, 1H, H4), 226 — 257
(m + s 5H, H-3, 3, CHy), 356 368 (M, 1H, H-5), 375 (d, J = 102 Hz, 1H, one of NCHy),
380 (s 3H, OCHg3), 390- 410 (m, 2H, CHO), 4.86 (d, J = 10.2 Hz, 1H, one of NCH,), 6.82
(d, 3 =90, Hz, 2H, N-PMB aomdtic), 7.07 (d, J = 90, Hz, 2H, N-PMB aromatic) 7.38 (d, J=
8.3 Hz, 2H, tosyl aramtic), 7.76 (d, J = 8.3 Hz, 2H, tosyl aomdtic)
(S)-5-(4-Fluor ophenoxy)methyl-1-(4-methoxybenzyl)-2-pyrrolidinone (56)

To a solution of 4-fluorophend (86 g, 77 mmadl) in dry DMF (50 mL), sodium hydride
(808 g, 77 mmal) was added spanning 5 min. & 0 °C under N, am. After dirring for 15
minutes a room temperaure, a olution of 55 in dry DMF (100 mL) was introduced followed
by TBAI (0.33 g, 9 mmol). The reaction was girred for 3 h, diluted with ice-cold water and
extracted with ether (3 X). The pooled extract was washed with water and brine, dried
(anhydrous N&S0O,), and concentrated to give the resdue, which was purified by slica gd
column chromatography (50% ethyl acetate in hexane) to afford 56 (16 g, 89%) as a colorless
lid.
Mp.: 62-63 °C
[a]o 551° (c 6.0, CHCl3)
IR (CHCl3): 2904, 1688, 1504, 1440, 1248, 1040, 840 cmi*
'H NMR (CDCl3, 200 MHZ): d 1.8- 220 (m, 2H, H4, 4), 224- 263 (m, 2H, H3, 3), 364-

3.83 (M, 6H, H5, OCH, OCHs), 401 (d, J = 99 Hz, 1H, one of NCHy), 4.77 (d J = 99 Hz,
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1H, one of NCH,) 6.59—- 6.75 (m, 4H, aromdtic), 6.80- 691 (t, J = 8.1 Hz, 2H, aromdtic), 7.08
(d, 3 =9.0 Hz, 2H, aromdtic).
3C NMR (CDCls, 50MHz): d 2168, 3016, 4427, 5514, 5639, 6915, 11396, 11534,
11554, 116.0, 12881, 129.24, 154.4, 154.6, 158.97, 159.77, 175.25
FAB MS (m/2): 121(100), 204 (26), 222 (16), 330 (37) (M*+1)
HRMS: Cdcd. for [CioH21FNO3]: 330.1505. Found: 330.1520
(S)-5-(4-Fluor ophenoxy)methyl-2-pyrrolidinone (57)

A mixture of 56 (11 g, 544 mmal) and ceric ammonium nitrate (895 g, 1632 mmal) in
a solvent mixture of acetonitrile (160 mL) and water (16 mL) was girred for 2 h. The solvent
was evaporated in vacuo. Ethyl acetate was added and the insoluble materid filtered off. The
filtrate was washed with water and bring dried (anhydrous sodium sulphate), and concentrated
to leave the brown resdue, which was purified on dglica gd chromatography (pure ethyl
acetate) to obtain 57 (8.74 g, 77%) as a colourless solid.
M.p.: 90-91 °C
[a]p 594 °(c 0.9, CHCly)
IR (nest): 820, 1204, 1352, 1648, 2876, 3212 cmi*
'H NMR (CDCl3, 200 MHZ): d 108— 207 (m, 1H, H-4), 222— 25 (m, 3H, H3, 3, 4), 37
380 (t, J = 84 Hz, 1H, one of OCH2), 395 (dd, J = 4.2, 9.3 Hz, 1H, one of OCH>), 4.0- 415
(m, 1H, H-5), 633 (br s 1H, CONH), 6.75- 6.88 (m, 2H, aromatic), 6.97 (t, J = 84 Hz, 2H,
aromatic)
C NMR (CDCl;, 50MHz): d 2313, 2959, 5333, 7190, 11551, 11563, 11610, 154.45,
15513, 159.89, 178.10
El MS(m/2): 210 (92) [M*+1], 117 (59), 101 (100), 84 (49), 73 (30), 60.
HRMS: Cdcd. for [CiaH1sFNOZ]: 210.0939. Found: 209.0850

(59-1-tert-Butyloxycar bonyl -5-(4-fluor ophenoxy)methyl -2-pyrrolidinone (58)
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To a dirred mixture of 57 (824 g, 39.8 mmal) and DMAP (4.86 g, 30.8 mmadl) in dry
THF (100 mL) under N, atmosphere, di-tert-butyl dicarbonate (17.4 g, 79.6 mmol) was added.
After a period of 5 h, the solvent was removed under vacuum, the resdue triturated with a
mixture of ethyl acetate and ligtht petroleum (1:3 ratio, 200 mL) and the precipitated materid
filtered off. The filtrate was washed with water and brine, dried (anhydrous sodium sulphate)
and concentrated to afford the residue, which was purified by column chromatography on dlica
gd (5% ethyl acetate in hexane) providing 58 (10.5 g, 86%) as a colourless solid.
Mp.:75—-76°C
[a]p -714° (C 3.1, CHCl3)
IR (negt): 2092, 1792, 1712, 1504, 1472, 1376, 1312, 1264, 1200, 1152, 1024, 832 cm™.
H NMR (CDCls, 200 MHZ): d 153 (s, 9H, t-Bu), 213236 (m, 2H, H4, 4), 246 (ddd, J =
24, 81, 178 Hz, 1H, H-3), 28 (¢, J = 61, 178 Hz, 1H, H-3), 402— 422 (m, 2H, OCH),
4,38 452 (m, 1H, H-5), 6.75 6.89 (M, 2H, aromatic), and 6.96 (t, J = 9.0 Hz, 2H, aromatic)
3C NMR (CDCk, 50 MH2): d 2113, 2805, 3187, 5663, 69.15, 83.10, 96.11, 11549, 11565,
116.12, 160.0,174.0
El MS(m/2): 107 (8), 142 (15), 154 (20), 179 (18), 210 (100), 254 (78), 310 (22) [M*+1].
HRMS: Calcd for [CrgHaoPNO,]: 309.1376. Found: 309.1365
(2RS,59-1-tert-Butyloxycar bonyl -5-(4-fluor ophenoxy)methyl -2-methoxypyrrolidine (61)

To a dirred slution of 58 (10.0 g, 32.3 mmoal) in dry CH2Cl> (100 mL) a —78 °C under
N, blanket, was added DIBAL-H (1 M solution in toluene, 34 ml, 323 mmol) dropwise The
reection mixture was girred for 1 h, and decomposed with agueous Rochdles sdt solution.
After dirring for furtherl h, the precipitated solid wes filtered off and washed wdl with
CH,Cl,. The filtrate was dried (anhydrous sodium sulphate) and concentrated to afford the

crude product 59 (10 g, 98%) asa colourless ail, used as such for next reaction.
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'H NMR (CDCls, 200 MH2): d 150 (s, 9H, t-butyl), 1.80— 242 (m, 4H, H-3, 3, 4, 4), 36-
427 (m, 3H, H-5, OCH,, 532558 (m, 1H, H-5, disstereotopic), 6.77— 7.02 (m, 4H,
aromatic).

A mixture of 59 (100 g, 3215 mmal) and PPTS (08 g, 32 mmal) in methand (100
mL) was dirred for 18 h at room temperature and evaporated on rotavapor to give the residue,
which on purification by dlica gd column chromatogrgphy (10% ethyl acetate in hexane)
afforded 61 (10.0 g, 96%) as a colourless ail.
H NMR (CDCls, 200 MHZ): d 149 and 155 (25 OH, tbutyl), 174— 225 (m, 4H, H3 3, 4,
4), 329 (s 3H, OCHs), 370- 439 (m, 3H, H-5 CH0), 51- 557 (m, 1H, H-1,
diagterentopic), 6.78— 7.01 (m, 4H, arométic).
IR (negt): 2976, 2944, 1696, 1504, 1392, 1208, 1186, 1078, 824 ot
(2RS,59-2-Benzenesulfonyl- 1-tert-butyloxycar bonyl -5-(4-fluor ophenoxy)methylpyrrolidi
ne (60)

To a solution of 61 (9.8 g, 30.15 mmoal) in dry CH,Cl, (100 mL) containing powdered
CaCl, (5.0 g) a 0 °C, freshly prepared benzenesulfinic acid (4.3 g, 30.15 mmol) was added.
The reaction mixture, after being girred for 2 h a ambient temperature, was cooled to 0 °C,
and neutrdized with agueous sodium bicarbonate solution. The suspenson was filtered over
cdite pad and the filtrate washed with water and brine, dried (anhydrous sodium sulphate) and
concentrated to afford 60 (11.8 g, 90%) as a colourless solid.
M.p.: 113-114°C
IR (neet): 2976, 1752, 1504, 1488, 1368, 1312, 1216, 1152, 1088, 1040, 832, 768, 683 ci-
'H NMR (CDCl3, 200 MHz): d 1.20 (s 9H, t-Bu, diastereotopic), 2.1 256 (m, 3H, H3, 4, 4),
27 — 283 (m, 1H, H-3), 408- 452 (m, 3H, OCH, H-5), 5.1 525 (m, 1H, H1), 6.85- 7.06
(m, 4H, aromatic), 7.49 — 7.76 (m, 3H, PhSO5), 7.85— 7.97 (m, 2H, PhSO.,)

FAB MS (m/2): 125 (6), 154 (6), 194 (100), 195 (24), 434 (15), 436 (34) [M*+]]
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HRMS: Calcd. for [CoH27FNOsS: 436.1593. Found: 436.1624
(5S2RS)- 1-tert-Butyloxycar bonyl -5-(4-fluor ophenoxy)methyl -2-(4-hydr oxy- 1-butynyl)
pyrrolidine (63)

To a dirred solution of 4-tetrahydropyranyloxy-1-butynylmegnesum bromide in THF
{prepared in situ by the addition of isopropylmagnesum bromide (11 g, 7.1 mmoal) in THF to
2-(3-butynyl 1-oxy)tetrahydropyran (1078 g, 7 mmol)}, was added a solution of zinc bromide
in THF (0.78 g, 3.5 mmol, 2 M solution) a ambient temperature.  After a ggp of 30 minutes, to
the resulting suspension, was introduced the compound 60 (15 g, 35 mmal) in THF (12 mL).
The reection mixture was dirred for 10 h, quenched with agueous NH,Cl solution and
patitioned between ether and water. The organic part was washed with brine, dried (anhydrous
sodium sulphate) and concentrated to afford the crude product 62, which was dissolved in
mehanol (15 mL) contaning pyridinium toluene-p-sulphonate (66 mg, 026 mmoal). The
reaction mixture was dirred & room temperature for 10 h, evgporaied in vacuo and the resdue
purified by column chromatogrgphy on dlica gd (30% ethyl acetate in hexane) to afford 63
(1.0 g, 86%) asacolourlessail.

HPLC Andyss 1% pesk (ares, 87.2%; time 24.2), 2" pesk (ares, 10.0; time 20.6){mobile
phase = 40% acetonitrile + 20% water + 40% methanol; column = ODS; flow rae = 1.0
mL/min.; UV detection = 225 nm}

'H NMR (CDCls, 400 MHZ): d 148 (s 9H, t-Bu), 166 (br s, 1H, OH), 1.89— 2.34 (m, 4H, H
3, 3,4, 4), 244 (t, J =674 Hz, 2H, °-CH2), 370 (t, J = 40 Hz, 2H, CH:0H), 374 (t, J =80
Hz, 05H) and 386 (t, J = 80 Hz, 05H), 402 (d, J = 80 Hz, 0.5H) and 4.09 (d, J = 80 Hz,
05H), 4.12— 4.24 (m, 1H), 441-458 (m, 1H), 6:80 — 7.0 (M, 4H, arométic).

3C NMR (CDChk, 50 MHz): 2262, 2630, 2817, 31.33, 49.23, 555, 60.66, 69.79, 79.78, 825,
11521, 115,69, 153.78, 153.90, 154.58, 159.50

FAB MS (m/2): 107 (27), 120 (18), 138 (70), 194 (25), 264 (48), 290 (7.5), 364 (22) (M*+1)
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HRMS: Celcd. for [CoHzFNO,): 364.1924. Found: 364.1917
(2RS,59)- 1-tert-Butyloxycar bonyl -5-(4-fluor ophenoxy)methyl -2-[ 4-N,O-big(phenoxycar bo
nylhydr oxylamino-1-butynyl)pyrroalidine (64)

To a solution of 63 (082 g, 226 mmadl), triphenylphosphine (0.71 g, 27 mmol) and
N,O-big(phenoxycarbonylhydroxylamine) (0.7 g, 27 mmol), was added diethyl azodicarboxy
late (0.47 g, 2.7 mmol) dropwise a 0 °C. The reaction mixture was stirred a 0 °C for 30 min.,,
and for 6 h a room temperature. The solvent was dripped off and the resdue on purification
by dlica gd column chromatogrgphy (30% ethyl acetate in hexane) afforded 64 (1.12 g, 80%)
as acolorless semi-olid.

'H NMR (CDCls, 200 MH2): d 152 (s, 9H, t-butyl), 1.94 (t, J = 564 Hz, 1H, H3), 2024 (m,
3H, H-3, 4, 4), 270 (t, J = 7.0 Hz, 2H, °-CH), 3.65393 (m, 1H), 393429 (m + t [3.93-
405, J = 70 Hz, 2H, CHN], overdl 4H), 440 460 (m, 1H, H-5), 6.76-7.02 (m, 4H,
aromdic), 7.12-7.49 (m, 10H, aromatic)

(2RS,59-1-tert-Butyloxycar bonyl -5-(4-fluor ophenoxy) -2-(4-N-hydr oxyur eidyl- 1-butynyl)
pyrrolidine (65)

Ammonia gas was purged into a solution of 64 (14 g, 226 mmadl) in a solvent mixture

of methanol (30 mL) and THF (10 mL) & 0 °C for 15 minutes The reaction mixture was
dirred for 6 h & room temperature, evgporated in vacuo and the resdue purified by column
chromatogrgphy on dlica ge (30% ethyl acetate in hexane) to afford 65 (0.81g, 85%) as a
colorless liquid.
'H NMR (CDCl3, 200 MH2): d 145 (s 9H, t-butyl), 185~ 250 (m, 6H, H3, 3, 4, 4, °-CHy),
3.5~ 368 (m, 1H), 3.70— 391 (m, 2H), 3H4— 403 (dd, J = 88, 38 Hz, 1H, one of OCHy),
407- 42 (m, 1H, H5), 436- 455 (m, 1H, H2), 5.1 5.35 (br s, 2H, NH,), 6.73— 7.0 (m, 4H,
aromdtic), 845 (s, 1H, N-OH)

IR (nest): 3504, 3450-3000 (br.), 1688, 1512, 1392, 1208, 1160, 760 cnri
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FABMS (m'2): 106 (7), 120 (7), 153 (11), 194 (17), 233 (55), 244 (55), 274 (40), 322 (100),
388(5.5), 422 (7)(M "+1)
(2S,55)-5-(4-Fluor ophenoxy)methyl-2-(4-N-hydroxyur eidyl-1-butynyl)pyrr olidine (40)

Trifluoroacetic acid (05 mL, 549 mmol) was added to a solution of 65 (0.8 g, 1.83
mmal) in CH,Cl, (10 mL) a 0 °C. After being dirred for 10 minutes at this temperature, the
resction mixture was additiondly dirred for 3 h a room temperaure, cooled to 0 °C,
neutrdized with dilute agueous NaHCOsz. The organic layer was separated, washed with water
and brine, dried (anhydrous sodium sulphate) and concentrated to afford the brown resdue
which was purified by column chromatography (10% methanol in ethyl acetate) to afford 40
(055 g, 86%) the colorless highly-hygroscopic solid. The compound was dored as its
hydrochloride sdt which was obtaned on treatment with dilute hydrochloric acid followed by
extraction with ethyl acetate. Remova of solvent gave the colourless foam.
HPLC: Pesk-(retention time 1.9, area 99.2%); dationary phase-chird column (QJ); Mohile
phase-10% isopropanal in hexane; flow rate-1 mL/min.; UV detection-254 nm.
'H NMR (CDCls, 500 MHZ): d1.6519 (m, 1H, H-4), 2022 (m, 1H, H4), 225-2.40 (m, H,
H-3, 3), 250-254 (dt, J = 20, 6.35 Hz, 2H, °-CH2), 35636 (t, J = 6.36 Hz, 2H, CHN), 4.0
403 (dd, J = 3.7, 10.7 Hz, 1H, one of OCH,), 409-4.16 (dg, J = 318, 755 Hz, 1H, H5),
418423 (dd, J = 318, 10.73 Hz, 1H, one of OCH,), 4.38-443 (ct, J = 20, 60 Hz, 1H, H-2),
6.89-6.92 (M, 2H, aromatic), 6.98-7.04 (t, J = 8.75 Hz, 2H, aromatic)
3C NMR (CDCk, 125 MH2): d 1622, 2515, 31.36, 46.91, 50.20, 57.86, 66,65, 74.39, 86.17,
115,68, 115.78, 115.86, 15342, 156.38, 158.27, 162.33
FABMS (m2): 107 (18), 120 (15), 136 (54), 154 (55), 167 (45), 176 (15), 194 (14), 210 (6),

233 (8), 268 (26), 279 (23), 321 (16) [M *], 322 (100) [M*+1], 323 (19) [M*+2]
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CHAPTER- 2

SYNTHES SOF OXINDOLE PART (CP-88,059) OF

ANTIPSYCHOTIC DRUG ‘ZELDOX".



PROLOGUE

The world hedth organization has predicted that depresson will be the world's largest
alment by 2010 after heart falures Depresson or schizophrenia is the mogt common form of
psychiatric disorder.  Schizophrenia affects approximatdy 1% of world populaion.’ It is a
common, tragic and devedtaing mentd illness that typicaly drikes young people just when
they are mauring into adulthood.? This disease trandates into enormous burden as well as the
dran on financid and hedth cae resources.  Also, schizophrenia leads to socid and
psychologicl  anguish for patients and families®  This primordid account will outline the
genetic bass of disorder, exiting medication plus prodrugs undergoing dinicd trals in
advance of our synthetic description to the oxindole pat of laest antipsychotic drug Zddox ®
(Ziprasidone hydrochloride).

Schizophrenia is a dissese of bran. Both its symptoms and sgns and associated
cognitive abnormdities are too diverse to permit its locdization in a single region of bran. In
other words, it is a dissase of neura connectivity caused by multiple factors that affect brain
devdopment. The dissese probably occurs because of the combination of genetic and non-
genetic factors that affect the regulation and expresson of genes governing brain function or
injure the bran directly. Some people may have a gendtic predispostion that requires a
convergence of additiond factors to produce the expresson of disorder. This convergence
leeds to abnormdities in brain devdopment and maturation, the process ongoing in the firg
two decades of life  These abnormdities involve typicdly didributed neurd drcuits and
neurotranamitters. When the connectivity and communication with neurd circuit is disrupted,
paients have avariety of symptoms and impairmentsin cognition.

The symptoms and dgns of schizophrenia are very diverse and encompass the entire
range of human mental activity. However, they can be dassfied into three kinds 1) pogtive

symptoms  (are characteridics that are present but should be absent), eg., hdlucinations and
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deusons, suspicousness, and didorted perceptions) 2) negaive symptoms (refer to the
absence of expected behaviour) eg., lack of facid expresson, speech deficiencies and
inattentiveness 3) affective symptoms (own fedings, ingppropricie emotions), eg., depresson,
quilt, anxiety.

Since neuroleptic drugs were introduced in the 1950's, they have become the primary
mode of psychoses®  Traditiondly, antipsychotic medications were shown to be effective
because of ther ability to antagonize dopamine receptors.  Non-sHectivity of this antagoniam,
however has led to undesrable Sde effects, especidly extrgpyramidd symptoms (EPS) which
commonly manifex as musde rigidity, akathesa (motor restlessness), and tremors or other
abnorma muscle movements.  In the past decade, severd new agents have become available,
generdly termed atypicd antipsychotics because of ther more diffuse receptor effinities and
lack of extrgpyramidd symptoms. These medications are characterized by a potentidly greeter
efficacy, egpecidly for negative syndromes, and a better clinical response in patients thought to
be refractory to trestment. In generd, antipsychotic drugs are thought to exhibit ther activity
due to oHective or multiple receptor interactions induding, manly, dopaminergic,
srotonergic, and to the lesser extent, adrenergic, higaminergic and muscarinic  receptor
interactions.

Hdoperidol, fluphenazing thiothixene, and chlorpromezine dl bdong to typicd or
classcd neuroleptics  These drugs trest only pogtive symptoms and not other kinds, negdtive
and cognitive.  They endble mogt patients to remain out of hospitd and function wel in the
community.  However, these drugs often produce serious dde effects leading to non-
compliance of the paient. Promazing chlorpromazing chlorprothixene, thioridezine and
meoriadezines are low potency typicd antipsychotics wheress doperidol, loxapine, moalidone,
perphenazine and prochlorperazine exet medium potency and, trifuoperazine, hdoperidol (1),

fluphenazine (2), thiothixene (3) and pimozide belong to the high potency type.®



Scheme 1: typical antipsychotics
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Exanples of aypicd antipsychotics indude risperidone (4), olanzepine (5), sartindole
(6), satrdine (7), dozapine (8), fluoxetin (9), lloperidone (10), and zedox. Clozgpine has
been long regarded as the holy grail of antipsychotic drugs® It displays aypicd profile
showing litle or no neurologicd dde effects ether acutdy or on longterm treatment.
Clozepine ds0 shows exceptiond efficacy and has been used in the trestment of patients who
don't respond to traditiond agents such as hadoperidol. Clozapine is a second line thergpy due
to its smdl potetid for agranulocytocis.  The drug binds to a vaidgy of different receptors
indudng dopmine Di, Dz saatinin 5HToa and 5HT2c, a-l-adrenergic  receptors.
lloperidone, another aypicd antipsychotic with its mode of action as serotonin/dopamine
receptor antagonist is effective in reducing the symptoms of schizophrenia and schizoeffective
disorder with excdlent tolerability profile induding the lack of EPS. Risperidone is another
antipsychotic  drug with narrow receptor  affinity as dopamine D, and sgotonin 5
hydroxytryptamine receptor antegonis.  Risperidone, which is more effective than haoperidol
may be of more benefit to new-onsst and ederly patients because of its lower dde effect
profile, which leeds to grester tolerance and compliance.  Olanzgpine has wide receptor affinity
with the exception of 5HT;4 and a-2 adrenergic receptors.  Clinica evidence suggests that
olanzapine is more effective than hdoperidol in reducing negaive symptoms and doen't

induce extrgpyramida symptoms when used in thergpeutic doses.
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Scheme 2: atypical psychotics
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Satrdine

Sertindole

Satindole is a potent antagonis a D, 5HT, and a-1 receptors without activity
higaminic, muscarinic or a-2 receptors. This sdectivity suggests that Serlect or sertindole
mitigates both the podtive and negetive symptoms of schizophrenia, but should not produce

sedative effects or anticholinergic effects (such as condtipation and dry mouth) related to those
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receptors. Sertindole a& a dose of 20 mg/day reduced negetive symptoms as measured by
PANSS Negaive Symptom Subscde and totd Scde for the Assessment of Negative
Symptoms (SANS). The antidegpressant effect of sartrdine is presumed to be linked to its
aoility to inhibit the neurond reupteke of serotonin. It has only very wesk effects on
norepingphrine and dopamine neurond reuptake. At dinicd doses, sartrdine blocks the upteke
of sotonin into human pladets Like mog dinicdly effective antidepressants, sartrdine
downregulates brain norepingphrine and serotonin receptors in animas. In receptor  binding
dudies, satrdine has no dgnificant afinity for adrenergic (a-(1), a-(2) and b), chalinergc,
GABA, dopaminergic, higaminergic, serotonergic (5-HT1a, 5-HT1s, 5-HT,) or benzodiazepine
binding gtes In placebo-controlled dudies in normd  volunteers, sertrdine did not cause
sedation and did not intefere with psychomotor performance. A placebo-controlled  European
dudy caried out over 44 weeks, in patients who were responders to sartrdine has indicated
that sertrdine may be useful in continuation treatment, suppressng reemergence of depressive
symptoms.  Houxetine is the widdy-used antipsychotic drug with 35 million people usng in
100 countries today. This drug is a sdective serotonin antagonist with fewer sde effects. The
antidepressant, antiobsessond, and antibulimic actions of fluoxetine are presumed to be linked
to its abdility to inhibit the neurond reupteke of serotonin.  Huoxetine preferentidly  inhibited
the reuptake of serotonin into brain syngptosomes and plateets in rats and humans. In receptor
binding sudies, fluoxetine was shown to have only week &finity for various receptor systems,
nandy opiae  saotonergic  S5HT(1), dopaminergic, b-adrenergic,  a-(2)-adrenergic,
higaminergic, a-(1)-adrenergic, muscarinic, and serotonergic 5HT(2) receptors. Unlike most
dinicdly €effective antidepressants, fluoxetine did not down-reguate beta-adrenergic receptors,
however like al tesed antidepressants, it caused up-regulaiion of GABA-B receptors. Mixed
effects have been observed on serotonergic receptor sengtivity.

Table World-wide intense survey of antipsychotic drugs under dinica development:
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Drug Company Mechanism Phase
(S)-Amisulpride Sanofi-syntheabo D4/D3 antagonist Phase I
Ampaex Cortex AMPA receptor Phase I
antagonist
Aripiprazole Otsuka D, antagonit, Phase 1l
Dopamine
autoreceptor agonist
Bdgperidone Knall D4/5HT,a receptor Phase 1
antagonist
Blonansarin Dainippon D4/5HT2a receptor Phase Il
antagonist
E-5842 Edteve S-receptor antagonist Phase |
Mazapertine Janssen D, antagonist Phase 1
Perospirone.HCI Sumitomo 5HT 24/D; antagonist Phase 11
Sonepiperazolemesilate Pharmacia& Upjohn | D4 antagonist Phase |l

In condudon, the causation of schizophrenia is cearly a complicated matter. As our
understanding of it progresses, however, our hope for improving the lives of patients with the
dissese increasess We can dso potentidly improve the trestment of schizophrenia, which
currently  focuses on reversng aonorma  neurd communication by blocking dopamine or
serotonin - receptors.  Although newer treatments such as the recently developed aypicd
neuroleptic drugs have dready aubdantidly improved the outcome of schizophrenia they
remain blunt insruments that have reatively generdlized effects on neurotransmitter systems
As we identify more precisdy the cascade of evets leading to  schizophrenia--
neurodevelopmentd  abnormdlities that lead to neurd misconnections that lead, in turn, to
impared cognitive processng -- we will dso identify better and more gpecific targets for

future trestment.
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PRESENT WORK

There is a greater hope now than ever before for patients with schizophrenia, athough
there is presently no permanent cure for schizophrenia With the avalability of better and
newer trestments, there is a brighter future for those affected by this most debilitating alment.
Although dl dinicdly avaladle drugs for schizophrenia are dopamine D, antagonists, there
ae wide vaidions in individud responsveness to drugs and ligbility to Sde effect suggeding
that other receptors and/or mechanisms are involved. The recent thrugt in antipsychotic drug
devdopment has been to identify targets with dozapine-like efficacy without its serious
toxidty. dozapine is unusud among antipsychotic drugs ut supra in that it is effective not
only agand podtive symptoms of schizophrenia but dso agang more debiliteting negetive
and defidt symptoms.  Interegtingly, Clozapine has this unusud efficacy profile  without
producing motor Sde effects, associated with conventiond agents.  However, dozepine€s use
is restricted by a potentialy fatal blood dyscresia. ®

N

)
-N N
Cl N™ O
H
Zeldox (Ziprasidone.hydrochloride) 1
Food Drug Adminigration, USA, has goproved the antipsychotic drug Zedox
® (Ziprasdone hydrochloride) in mids¢ 2000, and recommended for firgd line thergpy,
discovered and developed by Ffizer Inc. USA.° Zeldox is a serotonin and dopamine antagonist
that is effective in treating the wide range of pogtive, negative and depressve symptoms
asociated with schizophrenia  Pogtive symptoms indude visud and auditory  hdlucinations
and ddudons The hader-totrest negative symptoms include blunted effect, socd

withdrava and lack of motivation. The 4,500 patient worldwide dinicd trals program was
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the largest ever conducted for a novel antipsychotic medicing, prior to launch. In addition to
its demongrated efficacy in treating schizophrenia, Zeldox was shown to be weight neutrd, a
festure that diginguishes it from dl marketed antipsychotics ~ Sgnificant weight gain
asociaged with many currently  avalable antipsychotic  medicines ae didressng  and
digmaizing to patients and often results in noncompliance.  Pdients who gan weght may
dso be a increased risk for cardiovascular complications such as increased lipid levels and
poor glycemic control.  Furthermore, the therapy showed a low incidence of abnormd
movement and sexud dysfunction.  The most common sSide effects reported in persons treeted
with zddox in dinicad trals induded head ache nauses, somnolence, condipation and
dyspepsa  These dde effects are of mild to moderate severity and rady, led to the

discontinuetion of the drug.

‘ Scheme 1‘

— elaox
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4 5
Hence, we embarked on a programme for a new and robust synthetic process under the

aggis of Pizer. Inc. for the rightern hemisphere of Ziprasdone (CP-88, 059) , the oxindole pat
(3). The discovery route to the oxindole @), which was disclosed to us, involved essantidly the
intermediate (5), which posed mgor hedth problem. This intermediate was lachrymatory and

the chemigts exposed to this intermediate developed severe dlergy symptoms.  Due to this
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hedth hazard ocoupled with the employment of higly-expensve Et;SH for reduction of
benzylic ketone, the discovery route was abandoned.

In view of the above problems, it was goparent that any new route discovery should not
involve the intermediate 5. Based on the retrosynthetic analysis and literature precedence a
three-pronged strategy was crafted for synthetic trails as delineated below:

1) Initid oxindole formation; second, the introduction of Sde chain.
2) Preferentid sde chain introduction followed by the congtruction of oxindole

3) Smultaneous introduction of functiond €ements requisite for oxindole and side chain.

Scheme 2: strategy triangle /©\_,\L
Cl N~ S0

3rd Cl ond  Cl
Q5 — 1.
cl NH, cl N" O cl NH

STRATEGY | AND RESULTS

2

The retrosynthetic analyss was evolved under the precints of drategy 1 (scheme 3),

which involves the foremost disconnection of 5-chloroethyl side chain. The disconnection of

Scheme 3: antithetic analysis
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lactam ring would reved the arene precursor containing NH, and CH,CO,Et beering ortho
raionship. Further smplification, based on retro-S\Ar, should reved the dating materid.
In the synthetic direction, the acquistion of dde chan was envisaged from Friedd-Crafts and
Willgerodt reections

In the menit of aoresaid analyds 14-dichiorobenzene (4) was converted into 14-
dichloro-2-nitrobenzene (5) on nitration with nitrating mixture (prepared from conc. HNG; and
conc. H2SOy) in 86% yidd. Subsequent SWAr reection of 5 with cyanoacetic edter in the
presence of sodium hydroxide a room temperaiure gave the aryl subgtituted cyanoacetic ester
which was without purification subjected to decarboxylaive hydrolyss with 6 N HCl and
glacid acetic acid to provide (4-chloro-2-nitro)phenylacetic acid (6) in 71% vyidd. The product
was unambiguoudy esteblished by the H NMR spectrum with benzylic protons resonating a d
390 ppm while the aromatic protons & the region of d 742-8.02 ppm. Arylacetic acid 6 was
then edeified with dimethyl sulphate and K2COs in balling 2-butanone to provide methyl
arylacetate (7) in 95% yidd. A sSnglet & d 3.75 due to eser methyl group and ancther a d 4.00
pom (upfidd shifted) due to benzylic methylene group in the 'H NMR spectrum were the
indications of the product 7. Reductive cydlisation of o-nitrophenyl acetaie (7) was effected
with H, and Raney-Ni catdys in acetic add medium for 3 h to furnish the oxindole derivetive
(8) in 8% vyidd. Absence of resonance due to mehyl eter (CO.Me), upfidd shift of
resonances due to benzylic protons from d 40 to 269 ppm, and gppearance of NH proton
(CONH) a d 9.69 ppm as a broad snglet indicated the product. The IR spectrum showed an
adsorption & 1699 cmi® due to lactam carbonyl. The preliminary preceding to atach the side
chain was Fridd-Crafts acylation.’® For this tak, oxindole (8) was heated under reflux in
CH.C, with acetyl chloride and AICI; to afford 5-acetyl2-oxinddle (9) in 85% yidd. The

induction of acetyl group was reveded in the *H NMR spectrum by a singlet a d 265 ppm ad
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the disgppearence of dgnd due to H-5 (aromatic). Acetophenone (9) was then subjected to
Willgerodt trandformation, on trestment with sulphur powder under refluxing morpholine
followed by hydrolyss with H,SO, and AcOH.™'  Unfortunatdly, this reaction returned only
tary materid with limited solubility in organic solvents and water. A series of modificaions
were unfolded to win over this decisve gep. When the temperature was lowered to 100-110
°C, the darting materid was recovered as such. Peaforming the reection in different solvent
medium, like DMF, DMSO, mxylene and 14-dioxane was virtudly of no use and resulted in
only complex mixture of products, difficult to isolate. The innocuous subdituents across the
ayl ring might be the cause of this falure a the Willgerodt converson of dmple
acetophenone to phenylacetic acid worked well in our hand, % 3

The only other smilar trandformation documented in the literature, was the converson
of acetophenone into the methyl ester of phenylacetic acid with TI(NG3)3.3H,0, as pioneered
by McKillop e al* This method dso miserably faled when we applied to our origind
subdrate. This methodology has evolved auitable modifications dong the years, to cover good

yidd and wider substrate gpplicability, which include change of solvent from MeOH to TMOF

Scheme 4
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HCIO, to H,S0,, PTSA and zedlites®® These modifications were dso found to be ineffective
with our substrae. Another recent verson was the utility of iodine/siver nitrae/PTSA vice

TI(NO3)s.3H 20 in methanal.*® This reaction produced only inextricable mixture of products

Scheme 5
0
TI(NO,),.3H,0, HCIO, MeOYm
5
TMOF, MeOH 0
cl N o © cl NS0
H H
9

STRATEGY Il AND RESULTS

After dl of these foregoing faled efforts we tried to examine our second drategy
which involves the inddlaion of dde chain beforehand and theresfter to construct the
oxindole moidy in the required direction, bearing in mind, Gassmann reaction'’ as a key
trandformation. The retrosynthetic anadysisis ddinegted in scheme 6

As per this disconnective gpproach, we dated with the commercidly avalable and
inexpengve 12-dichloro4-nitrobenzene  (11) which was converted to the corresponding
phenylecetic acid (12) following two-step procedure i.e, the initid SyAr reaction of 11 with
the anion of ethyl cyanoacetate (excess) followed by decarboxylaive hydrolyss with 6 N

HCl/glacid AcOH in 70% yield. The product was confirmed by the presence of reevant reson

Scheme 6
Cl Cl
retro-
A — 0, =10,
Cl H o) Cl NH, Gassman
HO X
 — E— + -CH(CO,Et),
el NO, Cl NO,
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ances in the *H NMR spectrum in which the benzylic group (CHp) resonated a d 3.73 ppm.
Converson of phenylacdtic acid to phenylethanol (13) was transacted with in Stu borane
generated from NaBHs and I2 in THF® The adherence to the literature protocol, i.e,
performing the reaction a 70 °C (refluxing THF) resulted in a mixture of products, dong with
the required product in poor yidd. The reaction was gleaned to provide the single product 13 in
90% yied by mere room temperature stirring of the reaction. In the 'H NMR spectrum, the
presence of CH,CH,OH group was characterized by the chemicd shifts, one triplet & d 310
due to PhCH,, another at d 395 due to CH,O and a broad snglet a d 1.6-1.85 ppm due to OH
group.

Reduction of nitrobenzene (13) to aniline (4) was found to be problematic. When (13)
was subjected to reduction with ShCl,. 2H,0 in refluxing ethandl, the product was obtained in
poor yield (40%). The reduction performed with Raney-Ni catdyst under postive pressure of
H, in ethanol resulted in the formation of undesred dehdogenated amine product. Mixture of

products (with and without halogen) was the result, when hydrazine hydrate was employed as

CN

CH,(CN)CO,Et, K,CO, Eto\’Hj@\ 6 N HCI/ gl. AcOH
BTEAC, CHCNyeflux O 18 h, reflux
8 cl NO

2

NH,Cl, CH,CO_Et
THF RT, 90% cl NO 4 3~ cl NH
14

2
Cl
reflux NH4CI, CH,CO,Et cl NH
16

the reducing source in the presence of Raney-Ni. The reaction didn't proceed under the

2

conditions Hz/Raney-Ni/AcOH. However, the required product 14 wes exclusvely obtained
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with no loss of hdogen and in good yidd, after the modified condition was employed, i.e,
HJ/Raney-Ni/ehanal in the presence of additve NH,Cl. The dructurd proof of (14) was
codified from the '"H NMR and IR spectra With the acquisition of aniline (L4) in hand, the
dage was st for the introduction of oxindole moiety.

A plehora of mehods ae avaldde for the preparation of indolin-2ones in the
litersture. The classcd goproaches indude reduction of isatin derivatives, oxidation of indole
intermediates, Lewis aid mediaed Frieded-Crafts  cydisation of  N-subdituted
chloroacetanilides, etc. These methods ae limited to use, because of the required harsh
conditions, pre-subdituted acetanilides, etc. The recent methodologies indude pummerer
rearrangements, carbenoid insation of b-diazoacetanilides, therma Rh(Il) cadysed Wolff
rearangement  of  diazoquinolines!® and pdladium  cadysed cydission of  ortho-
iodophenyethylamines and  intramolecular  amide  arylaion of  2-hdoanilides®  These
approaches need N-subgiitution as a prerequiste. The semind contributions of Gassman et al.
to oxindole chemidry have led to the converson of anilines to 3-(mehyithio)indolin-2-ones
via a SommdetHauser type rearangement . This involves the trandormation of aniline into
an aza-ulphonium <t followed by deprotonation to form the ylide, which then undergoes

Sommelet-Hauser type rearrangement to an o-aminophenylacetic ester. Acidic annulation then

Scheme 8
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afords the 3{(methylthio)inddin-2-ones from which the 3-methylthio group can be knocked
off by reductive desulfurisation (scheme 8) to afford 17. This method is frequently used for
the synthess of indolin-2-ones of agrochemica and pharmaceuticd interest.

Accordingly, the compound 14 was exposed to CHsSCHCO.Me and t-BuOC
followed by successive trestment with EtsN and dilute HCl. However, no product was spotted
aiter the work up and the initid enthusasm faded away with the recovery of the darting
materid. The recent implementations of Gassman technology incdlude the modified conditions
for the citicd azesulphonium ylide formation via 1) Swentype intermediate
[MeS(=0)CH,COEt, (COCl),, DMSO] ad 2) the reagents SO.Cly/praton sponge in place of
t-BUOCI/TEA (scheme 9).?* These conditions dso emulaed the path of origind verson
without delivering the product. It might be argued tha the presence of OH group would be
fad to the formaion of azasulfonium ylide a this dage The subdrate (16), which was
essentidly prepared for this purpose (scheme 7) was then exposed to Gassman conditions,
which dso faled to make any headway with no sght of product (L9). The garting materid was

recovered as such.

Scheme 9
HO\/j@\ HO. /t : :SMe
cl NH, Cl H )
14 18
Conditions:

1)t-BuOCl, H,CSCH,CO,Me, TEA, dil. HCI 2) H,CS(=0)CH,CO,Me, (COCI),, TEA, dil. HCI
3) SO,Cl,, proton sponge, H,CSCH,CO,Me, TEA, dil. HCI

cl Cl SMe
B e - L
H

cl NH,

16 19
Conditions: as described above
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The falure of milder Gassman rearrangement forced us to opt for harsher conditions,
notably, Lewis acid mediaed Friede-Crafts reaction of N-chloroacetanilides. Accordingly,
anline 14 was, on treatment with CICH,COCI/TEA, converted to bis(N,O-chloroacetyl)aniline
derivative (20), which was structuradly consstent with the '"H NMR spectrum. The compound

was then heated neat with AICI; a 180 °C. But, no product was evident from the reaction.

Scheme 10

C| AlCI,,180°C HO

T 0o cl NSO
cl NH 0oCtoRT C| cl H

2
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Another substrategy was to try the same Friede-Crafts annulaion with subgtituted N-
chloroacetanilides which have been known & superior subdraies with csoid  amide
conformetion favourable for ring cosure snce such arangement is not conducive in
unsubstituted  N-chloroacetanilides®®  In this regard, aniline 14 was converted into N-benzyl
derivative 21 via the formation of schiff's base with PhCHO and immediate reduction with
NaBH,4. N-Benzylation was reveded in the *H NMR spectrum by the presence of pesks at d

4.25 and 7.00-7.40 ppm. The aniline 21 was then converted into biNO-chloroacetyl)aniline

HO CICH ,COCI, TEA
HO. 1) PhCHO, MeOH, RT, 1 h
\/j@\ 2) NaBH,, MeOH, RT, 1 h cl O °CtoRT
Cl N

H, 21
14 22
HO
1) AIC,, neat, 180°C [OR] \/m
2) chloroheptane, 115 °C, 1 h[OR] Cl H O

3) p-dichlorobenzene, 180°C, 1 h 23

HO | HO OH
L - +
NaHCO,, 2-4 h Cl N” o Cl N~ "0
|
24 BN 25 BN
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derivative (22) on treament with chloroacetyl chloride and Et3N in CHC, at 0 °C, whose
structure was confirmed by the '"H NMR spectrum.  Even this substrate 22 succumbed to the
same falure, unrdenting to variely of conditions incduding photochemicd means (scheme
11).%> 2 While AICk mediated route resulted in the decompostion of the subdtrate, the
photochemicd exposure hydrolysed O-acetyl group and effected chloro-subdtitution in - N-
COCH (Il to provide amixture of 24 and 25 under agqueous conditions.

Hence, the time arived here to decide that the dectrophilic oxindole annulation
whether Gassman gpproach or Friedd-Crafts method was impracticd with the subdrate of
like-subdtitution. This laid the ground for switching over to our only last hope, third Srategy.
STRATEGY Il AND RESULTS:

Our find drategy was the didkylaion gpproach, which would eventudly conditute the
shortest and inexpensve route to the intermediate 3. It was known in the literature that
disubditution of nitropolyhadoarometics (SyAr, hdo groups o- and p- to the NO, group) was
possble with S and N nucleophile. But, only one report has been reported with C-based
nucleophiles in the literature with the trandtion metd complex degantly promulgaing the
double dkylaion event, even though it is not lucraive from practicd perspective because of
poor yidd (20-40%), restriction to bromofiodo aromatics and pronudeophile-spedificity™.  The
disconnection gpproach, keeping in mind, the concurrent introduction of the FG dements is

outlined below:

Cl HO EtO
FGI FGR
— ———>
Cl N o Cl N @] Cl N O
H H H
EtO OEt retro-S, Ar X X
> ———
— O
OC| NO, Cl NO,
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By ocontemplating that the hydroxyethyl dde chan ocould be deived from
CH,COEt group on one sde the disconnection of oxindole ring, on the other sde would
generate the synthon, nitrophenyl diacetate (scheme 12), which could meld the way for double
disconnection of ArC-C bonding in retro-SvAr fashion, teking advantage of pseudosymmetry.
Snce didkyl maonates are gynthetic equivdents of CH,CO.Et, the nitrophenyl diacetate can
be disassambled to provide the sarting materid, 1,2,4,-trihd o-5-nitrobenzene.

Accordingly, 1,24.-trichloro-5-nitrobenzene 26 was chosen as our dating materid,
which was prepared from chegp 1.24trichlorobenzene, an inexpensve by-product of lindane
manufacture, by nitration with nitrating mixture, according to the literature protocol.®  The
compound 26 was subjected to SVAr reection with diethylmdonate and NaH in DMF a
ambient temperature, resulting in the exdusve formaion of monodkylaed product (27). The
didkylaion was not achieved even under forceful conditions Dieghyl mdonae and
maononitrile were dso examined as possble dkylaing agents  In dl cases, only the mono

akyl product formed. The various modifications in SyAr conditions are detailed in table 1.

Scheme 13 c COLE
_ CO,Et
_CO,Et -
HC, Cl NO,
CII:[CI CO,Et 27
Cl NO, COEt CO,Et
EtO,C CO,Et
26 % >
Cl NO,

Conditions are prescribed in Table (1) 28

It was decided a this sage to subject the monoakyated product to decarboxylation and
then resulting phenylacetic acid 29 to further dkylation. Unfortunatdy, al the conditions as

described above, gave invariably the intractable mixture of products.



Table 1: reaction conditions for scheme 13
Pronucleophile Quantity Conditions Temperature
CH,(COOEY),
i) 2 equiv. K,CO, ,DMF RT
i) 2 equiv. Pd(PPh,),Cl, , K,CO, , DMF 120°C
i) 4 equiv K,CO,, CH,CN, BTEAC reflux
iv) excess NaH, THE 60°C
CH,(CN)COOEt
i) 2 equiv. NaOH, DMF RT
i) 2 equiv. K;CO; CHLCN, BTEAC RT
ii) 2 equiv. Pd(PPh,),Cl, , K,CO, , DMF reflux
iv) 2 equiv. NaOH, DMF 120°C
CH,(CN),
D) 5 equiv. K,CO,, DMF reflux
if) 2 equiv Pd(PPh,),Cl, , K,CO, , DMF 120°C
Scheme 14
CO,Et
Cl Cl .
CO,Et Hydrolysis j@\cozH H,C(COED,  Mixture of
_—
+ roducts
cl NO, HH0 ¢ NO, NaH, DMF - produ
27 29

Therefore, dkylation of chlorodifluoronitrobenzene (30) was invedtigated next. It has

been obsarved that that fluoro group is by far the best leaving group with C, N, or O
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nucleophiles provided F group is activaled by the dectron withdrawing subdituents in the
aomdic ring such as NO,, CN, CHO, ec. Accordingly, the requidte dating materid 5
chloro-24-difluoronitrobenzene (30) was prepared by two different procedures (scheme 15).
The firg procedure involved double hdex reection of 1,24-trichloronitrobenzene with F ion.
The reaction was performed by hedting the precursor 26 with activated KF at 125 °C for 12 h
in DMF dfording the reguired product 30 in moderate yidd (50%)%° The aternative
procedure involving the nitration of 1-chloro-24-difluorobenzene was caried out which was
vay successful to give 29 in 95% vyidd. However, the high cost of 24-difluoral-
chlorobenzene was to be noted in this case. The product was identified by the *H NMR

resonances a d 7.1-7.25 and 8.28.3 ppm.

Scheme 15
Cl cl KF, DMF, 125 °C F F Nitrating mixture F F
12 h, 50% ‘O °Ctoreflux, 1 h
Cl NO, Cl NO, Cl
26 30

The compound 30 was then exposed to CHCN)CO,Me and OH as base in DMF a
room temperature.  The result was the usud monoakyated product, as if that the activated
substrate 30 behaved like its mentor 26 in reectivity. Though disgopointed with this outcome,
we screened this subdtrate further with different pronuclegphiles and conditions, as tabulated
previoudy. At the last, reprieve was redized after 30 was treated with sodium st of diethyl
maonae (4 equiv.) [prepared from sodium sand and diethyl mdonate] in DMF & RT. In fact,
the reaction gave a mixture of two products, which were separated by column chromatography
and identified individudly by the '"H NMR spectrum as mono- (31, mgor) and di-akylated @8,
minor) products.  The product (31) gave characteristic *H NMR resonances due to ethyl group

a d 13 and 432 ppm. The active methine proton was observed a d 5.2540 as two sSnglets
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while aromdic protons resonated between d 7.30-7.40 ppm (two doublets). The gppearance of

two snglets & d 7.7 and 8.1 ppm in aomatic region assured the totd displacemert of fluorine,
which was known to couple with the adjacent protons (I = Y whereas double-the-integration
in the non-aromatic region of monoakylated product confirmed the double dkyldion event in
the 'H NMR spectrum of 28. Both the compounds gave the intense pesk at 1715 cmit in the IR
gpectrum, thus dgnding the presence of edter. Our next move was to gat the didkylated
product excusvey. This would be ether accomplished by adding the excess of the mdonae
anion resgent or increesing the reection temperaiure.  After severd tribulaions, it was found
that the optimized condition was to gir the subgrate with 275 equiv. of sodium sdt of diethyl
madonate & 100 °C for 12h. The increased reactivity of carbanion generated from CH,(CO.EL),
over that of unreactive nucleophiles CH,(CN)CO.Et and CH,y(CN), can be accounted to the

difference in the acidic strength of their corresponding conjugeate acids (pKa = 13, 11, 9).

(Et0,C) HC CH(CO,Et), F CH(CO,EY),
[a]
— +
cl NO, Cl NO,
28 31

Scheme 16

30

bl (Et0,C),HC CH(CO,Et),
—
Cl NO

2

28

Conditions: [a] diethyl malonate (4 equiv.), NaH, DMF, RT
[b] diethyl malonate (2.75 equiv.), NaH, DMF, 100 °C, 12 h

The product 28 was then exposad to Krgocho's decarboxylation conditions (NaCl, H-0,
DMSO, 150 °C, 15 h), resulting in an unexpected mixture of products 32a and 32b in 67%
yidd.?”  The minor product was assigned structure 32b based on the 'H NMR spectra andlysis,

which showed characteridtic two dnglets a d 245 and 26 ppm owing to methyl protons  The
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mgjor product 32a was assigned the corresponding structure by the ample resonances in the *H
NMR spectrum: singlet & d 245 ppm for CHs group; sngle a d 39 for benzylic protons
triplet a& d 128 and quartet a d 4.17 ppm showing the presence of ethoxy group. The
compound aso gave intense adsorption @ 1738 cm® pertaining to ‘ester carbonyl’ in the IR
gpectrum. Both the compounds were checked for their ementa integrity too.

This kind of bigdedkoxycarbonylaion) of ayl mdonae to tolune or xylene has been
obsarved for the firg time under Krgpcho's protocol in nitroaryl mdonates Simple aryl
maonates (without eectron-withdrawving NO, group) are known a first decarboxyldion itsdf

providing the reective phenylacetates”’ Hence, one can emphasize that the NQ: group
present because of its dectronwithdrawing nature, may accderate the second decarboxylation

by stabilizing the trangtion Sates/intermediate across the pathway. The probable mechaniam

Scheme 17
H,0, 150 °C cl NO, Cl NO,
CO,Et CO,Et (32a) Major (32b) Minor
Et0,C CO,Et
cl NO
2 cofet coE  (OF
(28) NaCl, DMSO +
H,0,100-120 °C
z cl NO, cl NO,
(83) Major (32a) Minor

may proceed in two deps the initid decarboxylation of ayl maonates via competitive Bac2
or Ba2 pathway to give nitrophenyl acetate; the nucleophilic counterpart of the added <t in
the second step might attack the ester @rbonyl to form the tetrahedrd intermediate which then
undergoes dimingtion to provide the corresponding benzyl carbanion which is mesomericaly
sebilized by NO2 group @& o andlor p-position, the phenomenon called, captodative effect?®

The formation of 33 and 32a as mgor and minor products unambiguoudy indicate that the
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eser group ortho to nitro group undergoes fadle decarboxylation than that one & p-pogtion
because of the better dabilization of o-nitrobenzyl carbanion than its para counterpat.  This
srendipitous  obsarvaion, which forms as the subject of our recent communicaion, hes
adutdy been exploited to synthesse various dkylated nitroaromatics, which ae othewise
difficult to prepare from the ha onitrobenzenes using inexpensive reegents.

However, our origind god was to excavate the procedure for exdusvey
getting the product (33) without the products of double decarboxylaion. The optimized
condition was to maintan the temperaure of the reaction mixture (31, NaCl, DMSO, HO) in

between 100-120 °C for 24 h. The increased yield and shorter reaction timings were obsarved

Scheme 18
O Nu
CO,Et OEt
/dCOZEt Competitive /@f\cozEt Nu-
B,.20rB, 2 O
cl NO, e IS g NO, cl N7
Pathway ((l)l
) CH, CH, _
_— o - Hzo )
~ N/ NO
| 2 Cl NO,
e

(o]

when the modified Kracho's condiion was employed, i.e, MgCl,6H,O in DMA.® The
dedred product 33 was predominant one with little formetion of the by-product 32a. The

dructure of the product was fully consisent with the *H NMR spectrum: two methylene

protons showed two snglets a d 3.8 and 4.0 ppm, ethyl ester protons resonated at routine

Scheme 19
32 RO 2, E:tOijCC 2" Raney-Ni,H,
_ o > Cl N O
DMA, 100-120°C  Cl NO, ACOH Y

33
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podtions and aomatic protons a d 730 ad 815 ppm. The compound (33) was then
ubjected to the reduction of NO, group with concomitant cydisation with H, and Raney-Ni in
addic medium to provide 2-oxindole 34 in quantitative yidd. The dructure was eucidated
through the *H NMR spectrum. The appearance of CH, protons of lactam a d 38 ppm
(moved upfidd compared to 33) as sngle and lactam NH proton a 8.15 ppm unambiguoudy
supported the structure. Other protons staked clam at the required postions,

The formaion of dde product 32a was unwaranted to develop the process on
multigram scde.  Hence, the scheme was modified to avoid this gep.  Accordingly, the aryl
dimdonae 33 was subjected to hydrolyss under basic conditions (NaOH/EtOH/HO/reflux,
H'/H,0). To much of our surprise, this reaction gave only dark-brownish solid compose
beyond characterization. This might be due to the generd concept that nitroarenes are less
compatible to basic conditions. Hence, the solution was to perform the hydrolys's under acidic
conditions. Accordingly, the solution of 28 in 6 N HCl and glacid acetic acid was refluxed for
18 h, which gave the dean product, the diacd (35) without any deterioration and in excdlent
yidd. Hydrolytic product 35 was characterized by the 'H NMR spectrum. The pesks due to
ester groups disgppeared. Two set of methylene protons gave resonances & d 39 (p- to nitro)
ad 41 ppm (o to nitro), whilg the two aomdic protons remained unchanged in the

scheduled positions. The presence of acid group was identified by the IR frequency a 1685

Scheme 20 NaOH, H,0
> No product

CO,Et CO,Et EtOH, reflux
EtO,C CO,Et

c NO,

HO,C COH
28 Acidic ? é@j\ ?
Hydrolysis Cl NO,

35
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cml.  The next endeavour was the methylation of the diacid. Accordingly, the substrate wes
refluxed with dimethyl sulphate and Kz COj3 in 2-butanone. The reaction resulted in a mixture
of two products none of which belonged to the desired category, as evident from the 'H NMR
spectra. We then resorted to acid mediated edterification. Thus, the treatment of diacid 35)
with cadytic SOCl, in MeOH provided its corregponding dimethyl ester (36) as a single
product in 95% yidd. The structure was confirmed by the H NMR spectrum with ancillary
information from IR spectrd and combustion andyss The 'H NMR spectrum contained two
additiond sgndsa d 37 and 3.75 ppm a snglets loyd to two OMe groups compared to that
of dating materid. Other protons resonated a proper podtions. The IR gpectrum gave an
intense adsorption & 1725 om® characteristic of ‘ester carbonyl’.  Domino reduction and
cydisation of nitrophenylacetate precursor 36 with H, and Raney-Ni in AcOH a 45 ps
afforded the corresponding 2-oxindole derivative (37). The structure was derived from the *H
NMR, IR spectrd and combustion data The 'H NMR spectrum showed the disappearance of
one of the two OMe groups and the upfidd shift of one of the two methylenes because of the
converson from ester to amide.  The IR spectrum gave an intense pesk a 1722 cmi ™ speific
for 2-oxindole ring.

Reduction of 37 with LiBH,; generated in situ by mixing the reagents NaBH; ad LiCl
in a solvent mixture of ethanol and THF gave a mixture of products with the major recovery of
dating materid even after prolonged exposure.  Surprisngly, the reduction of ester with LAH
in THF & 0 °C daforded the desired product (23), dthough in moderate yidd. Fortunaley,
LAH didn't saurate reductivedy the lactam to provide the corresponding pyrrolidine. The
better procedure for the reduction of ester was to employ the reagents LiBH, and B(OMe); in
THF under refluxing conditions in 75% yidd where the LiBHs was generated in sStu in
accordance with an improved protocol reported by H.CBrown et al.* The structure was

ducidated from the IR, *H NMR, El spectral and demental anadlysis. The *H NMR spectrum of



Scheme 21
Cl NO, 95%,RT Cl NO,
35 36
HO
Raney-Ni, H, MeOZC/m LiBH,, B(OMe), \/m
- >
Cl e
AcOH cl N o THF, N N
H
37 23
Cl
Cl N~ SO
H
3

23 acknowledged the reduction by dislaying two sats of pesks a d 2.70-290 and 3.60-3.77
ppm due to two methylene groups The highest mass pesk in El spectrum a 211 (M*) was
observed. It is gracefully noted that the yidd and completion of the reaction depends upon the

efficient formation of LiBHs. Hence the reaction stands further to be optimized or performed

with commercidly available resgent. The converson of 23 into 3 was eedly effected with TPP

in refluxing CCl4 in good yidd.

Scheme 22
TsO
_—
Cl N @] DCM cl N <0
H H
23 38
Cl

LiCl, DMF
S EE——

95%, RT Cl (0]

N
H
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However, both TPP and CCl, are proclamed toxic to the environment, an dternative two-step
procedure was dso developed. Accordingly, the phenylethanol 23 was converted to it tosylate
ester (38) with TsCl, TEA, DMAP and refluxing CH,Cl,.  Subsequert reaction of 38 with LiCl
in DMF & 50 °C gave 3. The dructurd verification was performed with 'H NMRJR, EI
spectrd and dementd andyses. The methylene protons of lactam ring gppeared as a snglet a
d 345 ppm.  The Sde-chan methylene groups were located a d 3.15 and 3.77 ppm. Aromatic
protons appeared a expected regions. The IR spectrum gave intense pesk a 1716 o owing
to 2-oxindole moiety. The El spectrum gave a molecular ion pesk a (n'2) 211 supporting the
molecular formula

CONCLUSION:

In thumbnail, this route conditutes a formd synthess of CP-88, 059, the current drug
for schizhophrenia This synthetic technology can be finetuned as the practicd and
economicaly viable process suiteble for multigram scde The exiging subgtituents would
have negated the feashility of Willgerodt rearrangement in srategy |, the same contenders
could have thwarted our atempt in ring forming step in draegy 1. It is heartening these these
dead ends rendered as sepping-stones to execute the last scheme drategy 1l that went dl right

culminating the important derivative to everybody’s ddight.

EXPERIMENTAL SECTION:
(4-Chloro-2-nitro)phenylacetic acid (6)
Sodium hydroxide (96 g, 024 mol.) was added to an icecold solution of ethyl

cyancacdtae (26.6 mL, 0.24 mol) in DMF (100 mL). After dirring for 30 minutes to disolve

NaOH, the compound 5 (20 g, 0.1 mol) was added for 10 minutes portionwise a 0 °C. The
reaction mixture was irred for 24 h a room temperature, cooled to 0 °C and neutrdized with

dropwise addition of dilute HCl followed by extraction with ether. The organic pat was
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washed with weter and brine, dried (anhydrous sodium sulphate) and concentrated to afford the
crude product as brownish syrup (35 g).

The crude maerial was refluxed for 12 h in a mixture of 6 N HCl (150 mL) and glacid
AcOH (150 mL). The reection was poured into ice (1.5 kg). The solid wes filtered off and
dried to furnish 6 (16 g, 71%) asaydlowish solid.

'H NMR (DMSO-ds, 200 MHzZ): d 3.90 (s, 2H, PhCH,), 7.4 (dd, J =454, 9.1 Hz, 1H, H-6),
752-765 (m, 1H, H-5), 7.95802 (m, 1HH-3)
Methyl (4-chloro-2-nitro)phenylacetate (7)

A mixture of phenylacgtic add 6 (15 g, 694 mmoal), dimethyl sulphate (105 g, 694
mmol), and potassum carbonate (14.4 g, 104 mmadl) in 2-butanone (75 mL) was taken in a 500
mL RB flask. The mixture was refluxed for 3 h, filtered through a cdite pad, and
concentrated.  The resdue was dissolved in dichloroethane, washed with water, dried (NaSOy)
and concentrated to afford 7 (16 g, 95%) as colorless ail, directly used in the next reection.

M.P.: 75-76 °C

'H NMR (CDCl3, 200 MHz): d 375 (s, 3H, COMe), 40 (s, 2H, CHy), 7.25-7.40 (m, 1H, H6),
75765 (m, 1H, H-5), 810 (s 1H, H-3)

6-Chloroindol-2(3H)-one(8)

A ution of ester 7 (2 g, 869 mmoal) in acetic acid (10 mL) containing Raney-Ni
cadys (0.4 g) was dirred under hydrogen amosphere (15 pd) for 3 h. The cadys was
filtered off and washed with methanol. The solvent was evgporated and the crude solid
recrstdlised from EtOH to afford 8 (1.3 g, 89%) as light-ydlowish solid.

M.p.: 165-167°C
IR (nujol): 3134, 2922, 2854, 1699, 1401 on*
'H NMR (DMSO-dg, 200 MH2): d 269 (s 2H, CH), 6.11 (s, 1H, H-6), 618 (d, J = 80 Hz, H

4),640 (d, J = 80 Hz, H-4), 9.69 (br s, 1H, CONH)
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5-Acetyl-6-chloro-2-oxindole (9)

Acetyl chloride (21 mL, 294 mmol) was added dropwise to a durry of duminium
chloride (80 g, 600 mma) a O °C under N, blanket. After being dirred for 5 minutes,
oxindole 8 (3.3 g, 19.6 mmoal) was added a once. The reaction mixture was refluxed for 36 h
with vigorous diring and quenched a 0 °C with dilute HCl. The precipitated solid was
filtered off and dried to afford 9 (35 g, 85%) as a colourless solid, which was directly used in
the next reaction.

IH NMR (DMSO-ds, 200 MH2): d 265 (s, 3H, COCHg), 345 (s, 2H, lactam CHy), 6.95 (s, 1H,
H-7), 753 (s, 1H, H-4), 10.20-10.35 (br s 1H, CONH)
(2-Chloro-4-nitro)phenylacetic acid (12)

A mixture of 11 (25 g, 130 mmoal), ethyl cyanoacdate (166 mL, 156 mmoal), potassum
cabonate (54 g, 390 mma) and BTEAC (148 g, 65 mmad) in acgonitrile (500 mL) was
refluxed for 24 h. Dilute HCl (6 N) was tipped in & 0 °C until the solution turned colourless.
After the evaporation of the solvent, the resdue was partitioned between waer (500 mL) and
ether (500 mL), the organic phase washed with water and brine, dried (anhydrous Na,SO,) and
concentrated.  The resdue was next dissolved in 6 N HCI (300 mL) and glacid AcOH (300
mL) and refluxed for 12 h. The reection was poured into crushed ice, the solid filtered at the
pump, and purified by dissolving in 20% NaOH solution followed by adidification to afford 12
(19.8 g, 70%) s aydlowish solid.

'H NMR (DMSO-dg, 200 MH2): d 3.73 (s 2H, PhCH»), 7.5 (t, J = 6.7 Hz, 1H, H-6), 80 (dd, J
=17,84Hz, 1H, H-5), 820 (s, 1H, H-3).
(2-Chloro-4-nitro)phenylethanol (13)

To a dirred solution of 12 (3 g, 12 mmol) in THF (30 mL), NaBH4 (09 g, 24 mmal)

was added portionwise & 0 °C . A solution of iodine (301 g, 120 mmol) in THF (20 mL) was

then introduced dropwise. The resultant mixture was dirred for 6 h a room temperature,
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cooled a& 0 °C, and quenched with dilute HCl. The solvent was evgporated, and the residue
taken in ether, washed with water, agueous NaS0O; lution and brine dried (anhydrous
Na,SO,) and concentrated to afford 13 (253 g, 90%) as a colourless ail, directly used in the
next step.
'H NMR (CDCl3, 200 MHZ): d 1.61.85 (br s 1H, -OH), 310 (t, J = 6.7 Hz, 2H, PhCH,), 3.95
(t, J = 67 Hz, 2H, CH0), 75 (d, J = 85 Hz, 1H, H6), 805 (dd, J = 67, 20 Hz, 1H, H-5),
825(d, J=20Hz 1H, H-3)
(4-Amino-2-chloro)phenylethanal (14)

A olution of 13 (14 g, 69 mmoal) in ethyl acetate (10 mL) containing the suspenson
of Raney-Ni catdys (0.15 g) and s0lid NH4Cl (1.4 g, 1296 mmol) was dirred under postive
H, amosphere overnight. Removd of the cadys by filtration, and the solvent by evaporation
gave the resdue, which on acid-base (1 N NaOH/dilute HCl) purification gave 14 (1.2 g, 75%)
as alight-ydlowishliquid.

'H NMR (CDCl;, 200 MH2): d 277 (t, J = 6.73 Hz, 2H, PhCH,), 295-3.20 (br s, 1H, OH),
367 (t, J = 6.73 Hz, 2H, CH,0), 6.40 (dd, J = 29, 86 Hz, 1H, H-4), 658 (d, J = 192 Hz, 1H,
H-6), 690 (d, J = 86 Hz, 1H, H-3)

IR (nujol): 3200-3600 (br. band), 2936, 2872, 1614, 1492, 1420, 1037, 849 ami*

1-Chloro-2-(2-chlor oethyl)-4-nitr obenzene (15)

A solution of 13 (2 .0 g, 99 mmoal) and triphenylphosphine (285 g, 109 mmoal) in a
solvent mixture of CHCl; and CCl, (5 mL each) was refluxed for 3 h. The solvent was stripped
off and the resdue purified by dlica gd column chromatography (15% ethyl acetate in hexane)
to afford 15 (1.5 g, 70%) as a colourless ail.

'H NMR (CDCl;, 200 MH2): d 279 (t, J = 7.9 Hz, 2H, PhCH,), 293 (t, J = 7.9 Hz, 2H,
CHQl), 747 (d, J = 90 Hz, 1H, H3), 813 (dd, J = 9.0, 20 Hz, H4), 825 (d, J =20 Hz, 1H,

H-6).
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1-Chloro-2-(2-chlor oethyl)-4-aniline (16)

Raney Ni cadys (100 mg), was caefully added to a solution of 15 (1.0 g, 45 mmoal)
in ethyl acetaie contaning ammonium chloride (10 g). The resulting suspenson wes dirred
under hydrogen amosphere (gpproximatey 15 pd) for 12 h, filtered a the pump and the
filtrate concentrated. The residue was purified by tregting with dilute HCl, washed with ethyl
acdlae, treated with agueous sodium bicarbonate till basc pH, extracted with ethyl acetate.
The organic extract was dried (anhydrous sodium sulphate), and evgporated to afford pure 16
(0.78 g, 90 %) asacolourless ail.

'H NMR (CDCl;, 200 MH2): d 3.10 (d, J = 81 Hz, 2H, PhCH,), 3.7 (d, J = 81 Hz, 2H,
CH2Cl), 657 (dd, J = 19, 74 Hz, 2H, H-4), 673 (d, J = 1.9 Hz, H6), 7.06 (d, J = 74 Hz, 1H,
H-3).

2-{2-chlor 0-4-[(chlor oacetyl)amino]phenyl}ethyl chlor oacetate (20)

Chloroacetyl chloride (14 g, 125 mmol) was dropwise added to a solution of aniline
14 (1 g, 5 mmal) and triethylamine (28 mL, 62 mmoal) in CH,Cl, a 0 °C. After dirring for
overnight & room temperature, the reaction was washed with dilute NaHCO; solution, water
and brine, dried (anhydrous sodium sulphate), and concentrated to afford 20 (1.45 g, 90%) as a
colourless olid.

'H NMR (CDCl3, 200 MHZ): d 311 (t, J = 65 Hz, 2H, PhCH,), 403 (s 2H, NHCOCH,Cl),
420 (s 2H, OCOCH:Cl), 440 (t, J = 66 Hz, 2H, CH0), 7.25 (d, J = 49 Hz, 1H, H6), 740
(dd, J =165, 80 Hz, 1H, H-5), 7.70 (d, J = 1.65 Hz, 1H, H-3), 8.23 (br 5, 1H, NHCO)
[4-(N-Benzyl)amino-2-chloro]phenylethanol  (21) and 1-Chloro-2-(chlor oethylacetyloxy) -
5-(N-benzyl)chlor oacetamide (22)

A luion of anline 14 (2 g, 99 mma) and benzddehyde (117 g, 110 mmadl) in
methanol were dirred for 30 min. NaBH; (04 g, 99 mmol) was then added a 0 °C and the

dirring continued for 30 minutes. The solvent was dripped off and the resdue teken in dilute
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HCl, washed with chlorof orm, neutrdized with agueous NaHCO; and extracted with ethyl
acetate. The organic phase was dried (Na:SO,) and concentrated to afford 21 (2.75 g, 95%) as
acolourlessail.
'H NMR (CDClz, 200 MH2): d 285 (t, J = 6.3 Hz, PhCH,), 3.78 (t, J = 6.3 Hz, 2H, CH,0),
425 (s 2H, NCHy), 645 (dd, J = 20, 80 Hz, 1H), 664 (d, J = 2.0 Hz, 1H, H3), 7.07.4 (m,
6H).

To a dirred mixture of 21 (279, 925 mmad) and trigthylamine (38 g, 37.5 mmadl) in
CH,d, (50 mL) a& 0 °C, chloroacetyl chloride (2.3 g, 20.3 mmol) was added dropwise. The
rection, after being sirred overnight, was worked up as described for the compound 20 to
afford 22 (2.7 g, 71%) asacolourless solid.

'H NMR (CDCl3, 200 MHZ): d 314 (t, J = 69 Hz, 2H, CH.Ph), 385 (s, 2H, NCOCHy,), 402
(s 2H, OCOCH,), 443 (t, J = 69 Hz, 2H, CH)O), 485 (s 2H, CH.N), 6.87.40 (m, 8H,
aromatic).

[4-(N-benzyl,N-chlor oacetyl)amino-2-chlor o] phenylethanol (249 and  [4«(N-benzyl,N-
hydr oxyacetyl)amino-2-chlor o]phenylethanol (25)

A mixture of 22 (1.5 g, 36 mma) and sodium bicarbonate (0.5 g) in a solvent mixture
of CHLN: HXO (90+120 mL) was irradiated with 500 W bulb for 2 h. Acdonitrile was
dripped off and the remains extracted with ethyl acetate. The extract was washed with brine,
dried (NaSOs) and purified by column chromatography to afford 24 (0.73 g, 60%), (30% ethyl
acdtate in hexane as duent) as a colourless liquid and 25 (0.23 g, 20%), (40% ethyl acetate in
hexane) as a colourless liquid.

Physcd dataof 24
'H NMR (CDCl3, 200 MH2): d 30 (t, J =52 Hz, 2H, CHJPh), 3.84 (s 2H, COCH.Ci), 39 (t,
J =52Hz 2H, CH,0), 4.85 (s 2H, CH.N), 6.8 — 7.35 (m, 8H, aromatic).

El MS(m/2): 82 (14), 91 (100), 117 (50), 180 (5), 302 (14), 337 (10), 339 (M *+1).



IR (CHCl3): 3100- 3600 (br.), 1656 cm™

Physcd daa of 25

'H NMR (CDCl3, 200 MH2): d 1.95 (br s, 1H, OH), 295 (t, J = 7.2 Hz, 2H, CHPh), 341 (br
s, 1H, OH), 387 (s, 2H, COCH0), 39 (t, J = 7.2 Hz, 2H, CH,0), 4.87 (s, 2H, CHN), 6.75 —
7.35 (m, 8H, aromdtic).

El MS(m/2): 91 (100), 230 (8), 319 (19), 321 (8) [M*+1].

Diethyl (2,5-dichloro-4-nitro)phenylmalonate (27) and (2,5-dichloro-4-nitro)phenylacetic
acid (29)

A mixture of 26 (5 g 2 mmad), diethyl mdonae (6.7 mL, 438 mmol), potassum
cabonate (121 g, 876 mmal), BTEAC (025 g, 11 mmal) in acetonitrile (50 mL) was
refluxed for 12 h, cooled to 0 °C and neutrdized with dilute HCl. The solvent was stripped off
and the residue extracted with ethyl acetate. The organic layer was washed with brine, dried
(Na2SO4) and concentrated to afford the crude product 27 (7.5 g), which was refluxed in a
mixture of 6 N HCl (10 mL) and glacid AcOH (10 mL) for 15 h. The solvent was removed in
vacuo. The resdue was dissolved in 1 N NaOH solution, washed with ehyl acetate,
neutrdized with dilute HCl and extracted with ethyl acetate. The solvent was evaporated to
afford 29 (5.4 g. 70%) asacolourless ail.

'H NMR of 27 (CDCls, 200 MHz): d 1.25 (t, J = 59 Hz, 6H, two CHs), 425 (g, J = 59 Hz,
4H, two CH>), 5.15 and 5.2 (2s, 1H, active methine H), 7.64 (s, 1H, H-6), 8.15 (s, 1H, H-3)

IH NMR of 29 (CDCh, 200 MH2): d 3.99 (s, 2H, CH,CO), 7.55 (s, 1H, H-6), 824 (s, 1H, H-3)

IR (nujol): 2800-3300 (br), 2731, 1705, 1529, 1460, 1340, 946 cmi*
1-Chloro-2,4-difluoro-5-nitr obenzene (30)

Method A To a solution o nitrating mixture {prepared in Stu by dropwise addition of
conc. H,SO,; (354 mL, 650 mmal) to conc. HNG; (346 mL, 770 mmal) a 00C for 5

minutes}, was added 1-chloro-24-difluorobenzene (25 g, 1683 mmol) dropwise for 20
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minutes with vigorous dirring and occasond cooling. The biphesc mixture was hegted to 80-
10000C for 1 h (consumption of darting materid was checked by GC), cooled down to ambient
temperature, and partitioned between water (400 mL) and ether (400 mL). The organic extract
was successvedy washed with water and bring, dried (anhydrous sodium  sulphate) and
concentrated in vacuo to aford the crude materid, which was didtilled off a reduced pressure
to provide 30 (30 g, 92 % yidd) asalight-ydlowishail.

Method B A mixture of potassum fluoride (19.1 g, 329 mmal), carimide (321 g, 88
mmol) and DMF (125 mL), charged in a 500 mL RB flak, was dried by the addition of
toluene (50 mL) followed by azeotropic didillaion through DeanStark gpparaus. 1,24-
trichloro-5-nitrobenzene 26 (25 g, 110 mmol) was then added in sngle phase. The resultant
dirred mixture was heated to 12500C for 12 h under N, blanket. The brownishtturned reaction
mixture was brought to room temperature, diluted with water (750 mL) and a mixture of ethyl
acetate & peroleum ether (3. 7 rdio, 750 mL). Separaion of organic phase followed by
washing with water and brine, drying (anhydrous sodium sulphae) and rotary evgporation
gave the resdue, which was submitted to didtillaion a reduced pressure to provide 30 (9.73g,
55%) as alight-ydlowishail.

'H NMR (CDCl3, 200 MHz): 47.18 (t, J = 925 Hz, 1H, H-6), 824 (t, J = 7.4 Hz, 1H, H-3)
1-Chloro-2,4-big(diethylcar boxymethyl)-5-nitr obenzene (28)

Method A: To a solution of sodio dighylmdonate (52 g, 284 mmad) in DMF (125
mL), was added 1-chloro-24-difluoro5-nitrobenzene 30 (20 g, 103 mmol) in severd lots a 0
OC for 5 minutes under N, amosphere. The brick-red solution was gradudly hegted to 10000C
and dirred a this temperature for 12 h. (TLC: 20% ethyl acetate in hexang). The reaction
mixture was cooled to OUC, addified by dropwise addition of dilute HCl, until the solution
turned colourless and diluted with water (1 L) and ethyl acetate-petroleum ether mixture (3 7

ratio, 1 L). The organic phase was washed with water (3 x 1 L) and brine dried (anhydrous
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sodium sulphate) and concentrated in vacuo. The crude product 28 (62 g) was telescoped to
the next step.

Method B: Sodium hydride (11.34 g, 2835 mmol) was added to an icecold solution of
diethyl mdonate (454 g, 2835 mmoal) in dry DMF (200 mL) for 30 minutes. The temperature
was dowly devated to 100 [IC. After girring for 1 h a& 100 CJC, the solution was cooled to 0 °C.
1-Chlore24-difluore5-nitrobenzene 30 (20 g, 1031 mmol) was added a various intervas for
15 minutes. Heeting the reaction mixture for 12 h a 100 OJC, followed by work up, as described
above, gave the crude product 28 (60-62 g)

Note: A smdl amount of the crude product was chromatographicaly purified by passage over
dlicagd column (20 % ethyl acetate in petroleum ether) for anaytical purpose.

'H NMR (CDCls, 200 MHz): & 1.31 (t, J = 7.27 Hz, 12H, 4 x CHs), 428 (m, 8H, 4 x OCHy),
5.21 (s, 1H, CH), 5.27(s, 1H, CH), 7.70 (s, 1H, H-6), 8.10 (5 1H, H-3)

IR (nujol): 2957, 1715, 1505, 1323, 1271, 1202, 1005 cm*

Ethyl (2-chloro-5-methyl-4-nitro)phenylacetate (32a) and 1-Chloro-2,4-dimethyl-5-nitro
benzene (32b)

A mixture of ayl dmdonate 28 (1.6 g, 3.6 mmol) and MgClL.6H,0 (0.73 g, 36 mmoal)
were taken in NN -dimethylacetamide (20 mL) and heated to 100-120 °C ovemight with
vigorous dirring. The mixture was partitioned between ether and water (100 mL each). The
organic phase was successvey washed with waer and brine, dried (sodium sulphate) and
evgporaed. The crude was chromaogrgphed on dlica gd with gradud devaion of solvent
polarity to aford 32b (0.52 g, 60%) {2% ethyl acedte in hexane as duent} as ydlowish oil and
32a (0.12 g, 20%) { 10% ethyl aceate in hexane as duent} as yelowish solid.

Physcd data of 32a:

IR (CHCl3): 760, 1344, 1522, 1768 cni
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'H NMR (CDCls, 200 MHZ): & 1.28 (t, 3H, J = 7.4 Hz, CHs), 245 (s 3H, CHs at G5),39(s
2H, CH,CO), 4.17 (g, J = 74 Hz, 2H, OCH,), 7.2 (S, 1H, H-3), 8.1 (s, 1H, H-6).
Physica data of 32b:
'H NMR (CDCls, 200 MHz): & 24 (s, 3H, CHs at G-2), 265 (5 3H, CHs at G4), 7.20 (s 1H,
H-3), 8.05 (s 1H, H-6)
BCNMR (CDCl3, 50 MH2): d 13.37, 26.96, 121.71, 124.34, 120.74, 134.50, 146.49, 149.06
IR (CHCl): 764, 1364, 1568 cmt*
And. cdcd. for C51.6,H 4.3, N 7.5; found C 520, H 493, N 7.58
(2-Chlor o-4-nitro)phenyl-1,5-diacetic acid (35)

The foregoing crude ayldimdonate 28 (62 g) was taken in a mixture of 6 N
hydrochloric acid (125 mL) and gladd acdic acid (125 mL). The reaction mixture was
refluxed for 18 h, cooled to ambient temperature and evaporaied in vacuo to provide the crude
solid, which was recryddlised from ethyl acetate-light petroleum to provide 35 (24 g, 85%) as
alight-ydlowish solid. [Theyidd refersto overdl yidd for two steps]

M.p.: 193-1%4[1C

'H NMR (acetone-ds, 200 MHz): & 39 (s 2H, CHz at G2), 410(s, 2H, CHz at C4), 7.60 (s
1H, H-3), 815 (s, 1H, H-6).

IR (nujol): 2907, 1685, 1500 o™

And. cdcd. for C43.87, H 2.93, N 5.12; found C 44.90, H 292, N 4.4

1-Chloro-(2,4-dimethoxycar bonylmethylene)-5-nitr obenzene (36)

Thioyl diloride (3 mL, 55 mmol) was added dropwise a 0C to a solution of phenyl
diacetic acid 35 (15 g, 55 mmoal) in methanol (150 mL) for 5 minutes. The reaction mixture
was dirred a room temperature for 4 h. The pure precipitated diester was filtered off. The
solution was coded to O °C, neutrdized with saturated sodium bicarbonate solution, and

concentrated in vacuo. The reddue was taken in ethyl acetate (50 mL), washed with brine,
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dried (anhydrous Na,SO,) and evaporated to leave the crude solid, which wes recrystdlised
from methanol. The combined cryddline product gave 36 (15.7 g, 95%) as a light yelowish
lid.
M.p.: 107-10801C
'H NMR (CDCls, 200 MHz): & 3.70 (s, 3H, OMe), 3.75 (s 3H, OMe), 3.85 (s, 2H), 395 (s
2H), 7.30 (s, 1H, H-3), 820 (s, 1H, H-6).
IR (nujol): 1724, 1521, 1420, 1339, 1200, 1164 cmi’*
And. cdcd. for C47.64, H 39, N 4.6; found C 47.64, H 3.9, N 4.6
6-Chlor o-5-methoxycar bonylmethylene-2-oxindole (37)

A Solution of dieter 36 (8 g, 265 mmoal) in acetic add (40mL) containing 0.8 g of
Raney-nickd was hydrogenated under postive pressure of H, (45 ps) for 3 h. Following the
cadys filtration, acetic acid was removed on rotary evgporator to afford the crude solid which
was recrysdlised from isopropanal to afford 37 (6 g, 94 %) as an orange-tinged solid.

M.p.: 191-19200C

'H NMR (acetone-ds, 200 MHz): & 3.70 (s 2H, lactam CHy), 385 (s, 3H, OMe), 3.95 (s, 2H,
CH,CO), 7.07 (s 1H, H-4), 7.45 (s, 1H, H-7), 10.72 (s, 1H, NHCO).

IR (nujol): 3100-3250 (br. band), 2007, 2841, 1722, 1676, 1629, 1338, 1319 om™

And. cdcd. for C55.0, H 4.18, N 5.85; found C 55.08, H 4.63, N 5.64

6-Chlor o-5-(2-hydr oxyethyl)-2-oxindole (23)

A mixture of sodium borohydride (048 g, 1263 mmal) and lithium bromide (11 g,
1263 mmal) in THF (15 mL) was refluxed for 16 h with vigorous dirring. Oxindole eter 37
(15 g, 625 mmol) was then added in one lot. The reaction mixture was refluxed for few
minutes and then B(OMe); (0.06 mL, 0.62 mmol) was added. The reflux was continued for 18

h. The solvent was dripped off and the resdue acidified with 3 N sulphuric acid. The
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precipitated solid was filtered, and dried to afford 23 (1 g, 75%) as a colourless solid, which
was homogeneous by TLC.
M.p.: 178-17900C
IR (nujol): 3300-3350 (br. band), 3158, 2954, 1716, 1631 cmi*
'H NMR (acetone-ds, 200 MHz): & 2.70-290 (m, 2H, PhCH,), 340 (s 2H, CH,CON), 360-
3.77 (m, 2H, CH,0), 6.85 (s, 1H, H-4), 7.17 (s, 1H, H-7), 9.3 (br s, 1H, CONH).
El MS(m/2): 117 (20), 125 (14), 146 (8), 152 (65), 180 (100), 211 (24) [M]
And cdcd. for C56.6, H 4.7, N 6.6; found C 56.3, H 50, N 6.29
6-Chlor o-5-(2-chlor oethyl)-2-oxindole (3)

Phenylethanol 23 (14 g, 6.6 mmol), triphenylphosphine (26 g, 10 mmol) were taken in
a mixture of THF (17 ml) and CCl, (3 ml). The reaction mixture was refluxed for 3 h. Vacuum
evgporaion of the solvent and purification of the resdue by slica gd column chromatography
(50% ethyl acetate in petroleum ether, 60-120 mesh) afforded 3 (148 g, 96%) as a light
ydlowish solid.
M.p.: 222-22300C
IR (nujol): 3226, 2953, 2923, 2853, 1716, 1626, 1480, 1316 crmi*
'H NMR (acetone-ds, 200MHz): & 315 (t, J = 7.14 Hz, 2H, PhCH2), 345 (s 2H, CH2CON),
377 (t, 2H, J = 7.14 Hz, CH,Cl), 6.90 (s, 1H, H-4), 7.10 (s, 1H, H-7), 9.95 (br s, 1H, CONH)
El MS(m'2): 89 (4), 117 (11), 152 (57), 180 (100), 183 (42), 229 (18), 231 (11) [M*+1]
6-Chlor 0-5-(2-touenesulphonyloxyethyl)-2-oxidole (38)

A mixture of phenylehanod 23 (27 g, 103 mmal), TsCl (29 g, 15 mmoal),
triethylamine (4 mL) and DMAP (50 mg) in CH, (50 mL) was refluxed for 5 h,
concentrated and the resdue passed through a slica gd pad (30% ethyl acetate in hexane) to

obtain 38 (4.0 g, 85%) as acolourless ail.
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H NMR (CHCl3, 200MH?2): d 2.43 (s, 3H, tosyl CHa), 3.02 (t, J =4.3Hz, 2H, CH,), 343 (s,
2H, CH,CON), 4.22 (t, J = 4.3 Hz, CH,QTs), 6.83 (s 1H, H-4), 7.1 (s, 1H, H-7), 7.26 (d, J =

6.5 Hz, 2H, arométic), 7.67 (d, J = 6.5 Hz, 2H, aromtic) 9.10 (s, 1H, CONH)
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CHAPTER- 3

RING CLOSING METATHESISIN THE SYNTHES S OF (4R)-

4-BENZYLOXYCYCLOPENT-2-EN-1-ONE.



INTRODUCTION:

Progaglandins (PGs) and cabocydic nucleosides have been regaded as
important  cyclopentanoid compounds in the aena of chemicd biology and medicnd
chemisry.!  PGs exhibit diverse activities in body tissues and cdlls such as smooth musde
contraction of reaxation, blood pladet aggregaion or inhibition of such aggregaion,
dimulation of uterine activity, inhibition of gadtric secretion, and enhancement of secretion of
cytoprotective mucous and ae now recognized as locd hamones for maintaning homeodatis
of the drculatory, respiraory, and digestive organs, ec. Severd naturd PGs and synthetic
andogues ae now beng used as drugs® Some difficulties involved in ther therapeutic
goplication indude scace naurd  productivity, chemicd indability, rgpid inectivaion by
enzymaic degradaion and non-sdective widespread action on most tissues and cdls
Biosynthess does not meet the increesing demand and is adso ingppropriate for production of
medidndly-more cultivated compounds possessng the desred tissue sdectivity and  higher
metebolic dability. A supply of aufficent quantities of naturd PGs and atificid andogues
relies on efficient and flexible chemicd synthesis.

4-Hydroxycydopent-2-enone and its derivaives (Scheme 1) ae the universd chird

building blocks for progtaglandins and carbocydic nudeosdes to make available in multigram

Scheme 1
HO TBSO BnO
1 2 3

quantities.  Out of severd synthetic gpproaches to PGs induding the early pioneering efforts
of Corey et al., three component coupling drategy deveoped by Noyori is conddered the

landmark route because of its directness, convergence, flexibility, and amenability to large
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scde® This involves the one-pot organometalic-aided initid conjugate addition of an wside
chan unit to an O-protected (R-4-hydroxycycopenten2-one followed by the dectrophilic
trgoping of an endlate intermediate by an a-chan organic hdide, leading to the whole PG
frame work. This tandem conjugate addition/akylaion sequence is a very short route and the
desred trans trans relaive configuraion is generated by the internd asymmetric induction.
This route serves as a common plaform for the synthess of naturdly occuring PGs induding
PGD1, PGEl, PGE2, PGFi;, PGF;; and dso thergpeuticdly useful unnaturd  prostaglandin

and progecydin andogues, eg., misoprostol used for the prevention of gastroduodend ulcer.

Scheme 2
O
é a) R, Li+ Zn(CH,),
\ b) R,I, HMPA
RO
Prostaglandins (4)
. __ Lk~~~ RI = / — "™
RLi =— H a | CO,CH,

As a result, saverad synthetic routes have been put forward to secure the important
building blocks cydopentanones (scheme 1), known for ether methodology-specificity or
economical feashility. Initid efforts to obtain these compounds in enantiomericdly pure form
involved the chemicd moadification of D-tataric acid, degradaion of fungd metabolite terran,
ring contraction of 246-trichlorophenol with resolution, chromatography of diastereomers of
chird chromatogrgphy of racemic 4-hydroxy derivaives and a multrstep converson from
gucose* The latest method is to desymmetrise the meso epoxide through hydrolytic kinetic
reolution of meso epoxides® However, the enzymatic desymmetrisstion of cis-35-
diacetoxycydopent-1-ene is by fa the most efficient method in case of both economic

vighility and suitability for multigram scale with high enantiosglectivity.®
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Two synthetic processes have been reported for the enone (1) till date The first
synthesis aims a chiron gpproach for asymmetry with nitro-aldol reection as key step.” Thus,
the known nitrodkene (5), accessble from diacetone-D-glucose was subjected to reduction
with NaBH4 followed by deprotection of acetonide with dilute HCl to provide the intermediate
(6). Oxidative fisson of 6 with NalO, generated the desired ddehyde (7), which on nitreddol

condensation with triethylamine in DMF afforded nitrocycopentanol (8). Dehydration of 8

Scheme 3

N

O NO, 0,
> N
o o o
OH — OBn DNaBH, _ {Gen OH
o 0 2) 6 N HCI-THF
0A< OA< OH

5 6
NO, NO,

CHO TEA-DMF OH  Ac,0-Py

—_—

H(O)CO  OBn BnO  OC(O)H BnO  OC(O)H
7 8 9
o)

0
Pb-foil MsCI, TEA é
20% HCIO, \ \

BnO  OH BnO
10 3

with Ac,O in pyridine gave the nitro-defin (9), which on dirring with 20% HCIO4 in the
presence of Pb coil gave the hydroxycyclopentanone derivaive (10). The required enone @)
was obtained on dehydration with MeSO.Cl and TEA.

The second drategy capitulates on the asymmetric deprotonaion/rearrangement of 4-
subdtituted  cyclopentene  oxides to  cydopentendls  (Scheme  4) 2 Thus, 4-benzyloxy-12-

cydopentene oxide (11) was trested with dilithiated (1R29)-norephedrine a& 0 °C to provide
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the rearranged dlyl acohdl (12) (ee 80%). The dlyl dcohol was then oxidized with PCC in
CH.Cl, to give the target enone 3. This route is concise, dthough there is scope to improve the

enantiosglectivity during the aymmetric protonation step.

Scheme 4
Ph OH o
@] >—< :
LiHN"  OLi @ PCC, CH,Cl,
PhH/THF, RT N ¢
BnO BnO BnO
(80% ee)

11 12 3



PRESENT TEXT

The importance of hydroxycyclopent-2-en1-one derivaives to synthesse compounds
of medicind dgnificance and naturd products, as ddiberated in the preceding section, should
conditute the grong drive to undetake rgpid and efficient synthess to the vaue-added
intermediate (1) by utilizing the new advances in synthetic methodologies, especidly, for C-C
bond formation. “Converson of carbohydrates to carbocycdes’ has prevalled as one of the
thematic drategies in  organic synthess.  Accordingly, our synthetic drategy for  this
intermediate hinges on the RCM as key trandormation for carbocycle condruction, while
envisaging the required chird diene precursor to aise from the chird source D-glucose

through a series of manipulative transformations as depicted in scheme 1.

_ Deoxyolefination

0 HO Methylenation
retro-RCM WOH
é — M — HO
BnO OH  OBn /;c: "OH
(1) \
Hydro-
Retrosynthetic synthesis Deoxygenation O-Benzylation

In the rdevance of disconnection program, pointing D-glucose out as the
dating maeid, diacgtone-D-glucoe (2) was converted to its corresponding xanthate
derivative with NaH/CS/Mel in THF a ambient temperature in 92% yidd. The *H NMR

gpectrum confirmed the presence of xanthate group (a singlet a d 262 ppm due to SCHg) and

the other features, viz., the isopropylidene groups (dngets a the region of d 1.3159
accounting for four CHs; groups) and H-1 (doublet & 590 ppm). The xanthate was then
deoxygenated under Baton-McCombie protocol (n-BusSnH/AIBN  (catdytic)/toluene,  reflux)

to provide the 3-deoxyglucose derivaive (4) in 9% yidd.® This was dlearly conveyed in the
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'H NMR spectrum by the resonances due to methylene group (a multiplet between d 1.64-1.8
and a doublet of doublet between 2.12-226 ppm). Regiosdective monohydrolyss of 5,6-O-
isopropylidene group in 4 with 08% H2S0s in a mixture of MeOH and THF & ambient
temperature provided the diol 6) in 75% yidd. The H NMR spectrum indicated the presence

of only one acgtonide (two snglets two CHg) and two free hydroxyl groups (2 br s between d

242-256 and 2.7-2.9 ppm).
Scheme 2
NaH/CS /Mel/THF, RT 0.8% H,SO,
n-Bu;SnH/AIBN (Cat) MeOH,THF, RT
2 4 5

The compound 5 was then trandformed to 56-ene derivative (7) following the two-step
procedure reported by Jones et al® Thus the diol was converted to its dimesylate ester (6)
under routine conditions usng MeSO,Cl (2 equiv.)TEA/DMAP (cadytic) in CH)Cl, at
ambient temperature in 92% yield. This dimesylation was confirmed by the *H NMR spectrum

in which the resonances due to CH3SO: groups (two singlets a d 3.06 and 3.1 ppm, two CHg)

Scheme 3

MeSO,ClI (2 equiv), TEA Lil, 2- butanone
5

DMAP, DCM, 92% H 750

and downfield shift of pesks due to H-5 and H6 protons, compared to that of sarting materid

were observed. Exposure of 6 to excess of Lil in boiling 2-butanone smoothly effected the

diminaion to give the desred ene (7) in 70% yidd. The chemicd shifts a te region of 5.12-
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54 (multiplet due to CH,=) and 572592 (multiplet due to CH=) were the strong evidences
for termind olefin in product 7. The next endeavour was to derive the second double bond of

diene derivaive in advance of ring closng metathess
Deprotection of 1,2-O-isopropylidene group in 7 with cadytic PTSA in a solvent
mixture of MeOH and THF under reflux conditions afforded the anomeric mixture of methyl
furanogde (8) in 75% vyidd. The disgppearance of pesks due to isopropylidene graup and a
new pek a& 34 ppm (Sngle, OMe group) in the '"H NMR spectrum evidently indicated the
product formation. The free hydroxyl group a C-2 pogdtion in 8 was then protected as its
benzyl derivative (9) on tretment with benzyl bromide, NaH, and n-BuN'I™ (caaytic) in THF
a ambient temperature in 88% yiedd. The H NMR spectrum showed the pesks pertaining to

benzylic protons a the region of d 4.550 ppm whereas the aromdic protons between 7.2-

ppm, indicating the O-benzyl group. The hydrolyss of furanosde 9 with catdytic H,SO, ina

Scheme 4
| o) @) @]
PTSA, MeOH OMe NaH, TBAI, OMe
_ >
() THF,reflux BnBr, THF, RT
OA< OH OBn
7 8 9
H,SO, (0.1 mL) ©
- OH Ph,PtMe I, n-BuLi NS
Dioxan-H0, iy THF, -78 °C to RT OH OBn
OBn
10 11

solvent mixture of 14-dioxane and water a 100-110 °C gave the glycd derivative (10) as a
mixture of anomers in 87% vyidd. The *H NMR spectrum indicated the absence of OMe
groupwheress the other redevant dgnds remained intect at the expected chemicd dhifts

Witting methylenation of 10 with incipient methylenetriphenylphosphorane generated in Situ
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from CHP"Phgl™ and n-BuLi in THF & —78 °C to RT gave the reguiste heptadiene
intermediate (11) in moderate yidd. This readied the subgsrate for RCM. The dructure of
acydic diene was ducidaed from the *H NMR and mass spectrd andysis The *H NMR
gpectrum indicated presence of two olefinic groups a the region of d 505-545 (two CHy=)
and 5.65-5.95 (two CH=), while the El mass recorded the highest mass pesk a 219 (M ™).

Ring closng metathess has emerged as an dtractive tool among synthetic chemigts for
C=C bond formation.™* The field has reached to the matured level because of the steadfast
advances in recent years. The exotic reasons atributable to this are: i) well defined, sable and
highly active catdyds ii) very high TON in the cadytic reaction iii) efficacy in medium to
macro-ring  cydisdtion iv) its superiority over other cydistions like Dids-Alder,

meacrolactonisation, etc., because of favourable thermodynamic profile v) adaptability for both

Scheme 5
PC
Cl.1 7% by
E.C N /Ru:/
N\ Oy, cl”|
Fscﬁ/ o Moy PCy,
\ CE Ph
F,C 3
Schrock catalyst (12) Grubbs' catalyst (13)

solution phase and solid phase reactions vi) availability of polymer bound cadyss vii) water
wluble cadyss enabling the metathess in water and methanol viii) applicability to broad
scope of subgrates like ene-yne and yne-yne metathes's, in addition to tri- and tetra-subgtituted

sydems iX) ecosdfdy profile induding viability in solvents like ScCO, and X) compdtibility to
various functiond groups xi) combingtorid RCM libraries  The pionearing efforts of Schrock
and Grubbs led to the introduction of ther respective catdyss (12) and (13) which find
widespread use now-adays dthough the dscovery and devdopment of new and robust

catdysts is presently a hot-pursit’®  This reaction has changed the strategy of synthetic
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chemigs and it is very common to find RCM &as key trandormetion in the recent totd
syntheses of natura products, esp., for ring congruction.
The podulated mechanism involves an iterdive process of [2+2] cydoaddition and
cycloreverson between the olefins metd dkylidene and metdlocyclobutane species (scheme

6). Theinitid retrotype intermolecular [2+2] cydoaddition between the catayst and one of

Scheme 6 _
v\ overall reacuon Q
LM —CHR
/ '/‘ M :CH2
LnM

LHMC\‘CS LnM"y/i

RCH=CH,
Fig. Ring Closing Metathesis Mechanism

the dlefins of diene leads to the incorporation of the metd dkylidene in the substrae The
second  cycloaddition tekes place in a fadle intramolecular fashion and ring opening of
resulting metalocyclobutane leads to the cyclodkene and regeneration of the caidys. In the
fird turn of the cycle, the voldatile nature of the dkene by-product (the gaseous ethene in most
cases) tends the reaction to proceed forward thermodynamicaly.

Ring cdosng metathess of 11 on exposure to Grubbs catdys (5 mol%) in
CH2Cl> a ambient temperature uneventfully gave the dedred product cyclopentenol (14) in
%% yidd. The 'H NMR spectrum indicated the sgnas accounting for only two internd
oefinic protons and the aisence of pesks beonging to termind olefinic protons, thereby

confirming the ring dosure It is interesting to note thet no dlylic isomerisstion was observed
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in ths RCM gep though dlyl dcohols are prone to such trandformation via intramolecular
redox hydrogen transfer leading to ethyl ketones™ It is pertinent to mention that the
cycdopentenol  (14) itsdf has served as chird building block to many naurd products,
induding cydopentanoids (taking advantage of oraganopaladium chemistry). The last sep
was the dlylic oxidation of 14, which was conveniently accomplished with Fetizone€'s reagent
(AgCO; in cdite) in boiling benzene to aford 1 in 78% yidd™ The structure of 1 was
substantiated by the 'H NMR, EI and HRMS specrd andysis.  The characteristic features in
the 'H NMR spectrum, the absence of signds due to H-5, dowrfidd shift of pesks due to

methylene protons to the region of d 2.3-2.78 ppm and relocation of olefinic protons (H-1 at d

Scheme 7 OH 0
Grubbs catalyst (5 mol %) ; Ag,CO, on celite
O TR > >
7Y Y S CHCL, RT, 96% @ PhH, reflux, 78%
OH OBn BnO BnO
11 14 1

7.25 as doublet and H2 a 7.6 ppm as a doublet of doublet)-al confirmed the Sructure. The
highest mass pesk in FABMS was recorded a (nm2) 189 indicating the molecular ion. (HRMS:
Calcd for [CyH140,-M*]: 189.0915. Found: 189.0911).1

SUMMARY::

In conduson, a dereospecific route to (R-4-benzyloxy-2-cyclopenten-1-one, an
important  chird progenitor for progaglandin @ and carbocycdic  nudeosdes has  been
demondrated teking advantage of chird pool to inheit the chirdity and ring dosng metathesis
to condruct the carbocycde. Undoubtedly, this synthess aticulates the versdlity of RCM in
the C-C bond formation. The limitations of the scheme indude multi-step synthess and non-

vighility to large scde.



EXPERIMENTAL SECTION
3-Deoxy-1,2:5,6-O-isopropylidene-a -D-glucofur anoside (4)

To a solution of diacetone-D-glucose 2 (20 g, 7.7 mmoal) in THF (30 mL) & 0 °C, NaH
(03 g, 7.7 mmol) was added. After beng dirred for 30 minutes, carbon disulphide (0.5 mL,
7.7 mmol) was added. After an intervd or 30 minutes Md (0.5 mL, 7.7 mmol) was added.
The reaction mixture was dirred for 1 h [TLC: 30% ethyl acetate in hexane], quenched with
water and evaporated to leave the resdue, which was taken in ethyl acetate.  The organic layer
was washed with water and brine, dried (N&SO,), and concentrated to afford the crude, which
on column dlica gd chromatography (20% ethyl acetate in hexane) gave 3 (25 g, 92%) as a
colourless all.
'H NMR (CDCl;, 200 MHZ): d 1.316 (3s, 12H, 4 x CHs), 262 (s 3H, SCHy), 40444 (m,
2H), 4.26 (m, 2H), 4.64 (d, J =41 Hz, 1H), 59 (s 2H, H-1, H-3)

To a solution of xanthate 2 (25 g, 7.01 mmal) and AIBN (40 mg) in toluene (25 mL),
TBTH (223 mL, 7.01 mmol) was added dropwise. The reaction mixture was refluxed for 24
h, concentrated in vacuo and purified by slica gd column chromatography (10% ethyl acetate
in hexane) to afford 4 (1.64 g, %4% yidd) as a colourless ail.
'H NMR (CDCl3, 200 MHZ): d 1.32, 1.34, 142, and 15 (4s 12H, 4 x CHs), 1.64-1.82 (m, 1H,
H-3), 219 (dd, J = 36, 125 Hz, 1H, H3), 3.73-39 (m, 1H), 39842 (m, 3H), 472 (t, J =45
Hz, 1H), 5.78 (d, J = 41 Hz, H-1).
[a]o =7.4° (c 1.2, CHCly); lit* [a]o —7.5° (c 1.0, CHCl3)
3-Deoxy-1,2-O-isopr opylidene-a -D-glucofur anoside (5)*'

The compound 4 (1.6 g, 65 mmal) was girred with 0.8% HSO, (1 mL) in methandl

(16 mL) & ambient temperaiure for 10 h. After neutrdization with solid NaHCOg, the reaction
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mixture was filtered, concentrated and the reddue purified by dlica gd  column
chromatography (10% methanal in chloroform) to afford 5 (1 g, 75%) as a colourless solid.
M.p. 81-8°C; lit*’ 84 °C
[alo —14.0° (c 1.2, CHCl3); litY [a]p —15.3 (c 1.5, EtOH)
'H NMR (CDCl;, 200 MHZ): d 13 and 15 (25 6H, 2 x CHg), 173196 (m, 1H, H3), 206
(dd, J = 43, 138 Hz, 1H, H3), 243-26 and 272290 (2 br s 2H, 2 x OH), 35378 (m, 2H),
3.82-395 (m, 1H), 4.13-4.27 (m, 1H), 473 (t, J=34 Hz, 1H), 579 (d, J = 34 Hz, 1H, H-1)
3-Deoxy-5,6-di-O-methanesulphonyl-1,2-O-isopr opylidene-a -D-glucofuranoside (6)

To a solution of 5 (27 g, 131 mmal), triethylamine (3.65 mL, 262 mmal), and DMAP
(016 g, 1.31 mmal) in CH,C, (20 mL) wes added a solution of methanesulphonyl chloride
(112 mL, 145 mmal) in CHxd, (5 mL) a 0 °C. The reaction mixture was dtirred a room
temperature for 1 h [TLC: 40% ethyl acetate in hexang], washed with water and brine, dried
(NaxSO4), and concentrated on rotavapor.  The resdue on purification by dlicd gd
chromatography (30% ethyl acetate in hexane) gave 6 (4.7 g, 92%) as acolourless ail.

H NMR (CDCl3, 200 MHZ): d 1.31 and 15 (25 6H, 2 x CH3), 1.851.98 (m, 1H, H3), 2.38
(dd, J = 43, 138 Hz, 1H, H-3), 306 and 3.10 (25 6H, 2 X CHsS0,), 4.24-4.39 (m, 2H, H2),
451 (dd, J = 32, 11.7 Hz, 1H), 474 (t, J = 43 Hz, 1H), 4849 (m, 1H), 577 (d, J = 32 Hz,
1H, H-1)

3-Deoxy-5,6-dideoxy-1,2-O-isopr opylidene-a -D-ribohex-5-enofuranoside (7)

A mixture of compound 6 (4.75 g, 131 mmoal) and Lil (88 g, 657 mmad) in dry 2-
butanone (50 mL) was refluxed for 8 h. The dark brownish solution was concentrated. The
resdue was diluted with ethyl acetete washed successvely with saturated sodium  thiosulphate
solution, water and brine, dried (Na;SO,), and concentrated. The crude was purified by slica
gd column chromaiogrgphy (5% ethyl acetate in hexane) to give 7 (154 g, 70%) as a

colourless all.



[alp -184 (c 5.9, CHCly

'H NMR (CDCl3, 200 MH2): d 131 and 152 (2s 6H, 2 x CHy), 1.55-1.68 (m, 1H, H3), 217
(dd, J = 47, 140 Hz, 1H, H3), 46 (qui, J = 5.8 Hz, 1H, H4), 471 (t, J = 4.2 Hz, 1H, H2),
5.12-54 (m, 2H, CH,=), 5.725.92 (m, 2H, H-1, CH-=)

M ethyl 3-deoxy-5,6-dideoxy-D-ribohex-5-enofuranoside (8)

A solution of compound 7 (123 g, 7.2 mmoal), PTSA (catdytic) in a solvent mixture of
MeOH and THF (10 mL each) was heated to reflux overnight. Triethylamine (excess) was
added to neutrdize PTSA and the dirring continued for 30 minutes.  Evaporation of the solvent
and purification of the crude by dlica gd column chromatography (30% ethyl acetete in
hexane) afforded 8 (0.8 g, 75%) asan ail.

'H NMR (CDCl3, 200 MH2): d 176-19 (br s, 1H, OH), 1.92.2 (m, 2H, H3, 3), 341 (s 3H,
OMe), 43 (d, J = 5.7 Hz, 1H, H-2), 4749 (m, 2H, H-1, H-4), 5154 (m, 2H, CH2=), 576
597 (m, 1H, CH=).

M ethyl 2-O-benzyl-3-dexoy-5,6-dideoxyribo-D-hex-5-enofuranoside (9)

Sodium hydride (0.23 g, 57 mmol) was added to a solution of 8 (0.7 g, 48 mmd) in
THF (20 mL) a& 0 °C. After being dirred for 30 minutes, benzyl bromide (063 mL, 5.28
mmol) and n-Bu/N'I" (0.18g, 0.48 mmol) were successively added to the resulting suspension.
The reaction was dirred for 6 h. The solvent was evgporated in vacuo and the residue taken in
ethyl acetate (50 mL). The organic phase was washed with water and brine, dried (NaxSOs)
and concentrated. The resdue on purification by dlica gd chromatography (10% ethyl acetate
in hexane) gave 9 (0.82 g, 88%) asan ail.

'H NMR (CDCls, 200 MHZ): d 178-1.95 (m, 1H, H3 [b]), 216 (dd, J = 6.8, 137 Hz, 1H, H
3 [a]), 333 (s 3H, OMe), 397 (d, J = 454 Hz, 1H, H-2), 4504.80 (m, 3H, H4, OCH,Ph),
504-53 (m, 3H, H1, CH;=), 5,759 (m, 1H, CH=), 7.2-7.4 (m, 5H, aromtic)

2-O-Benzyl-3-deoxy-5,6-dideoxyr ibohex-5-eno-D-furanosde (10)
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A ution of 9 (09 g, 397 mmol) and concentrated H,SO, (2 drops) in a solvent
mixture of water (1.5 mL) and dioxane (15 mL) was refluxed for 12 h. After the evaporaion
of the solvent, the resdue was taken in ethyl acetate (25 mL), washed with agueous NaHCO;
olution, water and brine, dried (anhydrous N&SOs), and concentrated. The resdue was
purified by dlica gd chromatography (15% ethyl acetate in hexane) to afford 10 (0.7g, 87%)
asacolourlessail.
'H NMR (CDCl3, 200 MHz): d 1.72.28 (m, 2H, H3, 3), 2934 (br s, 1H, OH), 352-3.7 (br
s, 1H, OH), 3941 (m, 1H, H-2), 446-48 (m, 3H, OCH.Ph, H-4), 506546 (m, 3H, CH,=,
H-1), 5.68-5.97 (m, 1H, CH=), 7.2-7.4 (m, 5H, aromatic)
(3S5R)-5-O-Benzyl-1,6-heptadien3-ol (11)

n-BuLi (46 mL, 68 mmol, 15 M soution in hexane) was added a 0 °C to
methylendtriphenylphosphonium iodide (28 g, 68 mmad) in THF (20 mL). The rexultant
ydlowish solution was dirred for 10 min and cooled to -78 °C. A solution of 10 (05 g, 2.3
mmol) in THF (95 mL) was then added. After being dirred & —78 °C for 1 h, the reaction
mixture was gradudly warmed to room temperature.  After quenching with saturated NH,Cl
solution, the solvent was evgporated and the resdue teken in ethyl acetate.  The organic phase
was washed with water and brine, dried (Na,SO,), and concentrated. The residue on slica gd
chromatography purification gave 11 (0.3 g, 60%) as a colourless ail.
[a]p +26.4 (c 1.2, CHCl»)
'H NMR (CDCls, 200 MHz): d 1.61.98 (m, 2H, H4, H-4), 34 (br s, 1H, OH), 406 (ct, J =
45, 91 Hz, 1H, H5), 4264.35 (m, 1H, H3), 438 (d, J = 11.2 Hz, 1H, one of CH,Ph) 4.64 (d,
J = 112 Hz, 1H, one of CHzPh), 502535 (m, 4H, 2 x CHz9), 567-594 (m, 2H, 2x CH=),
7.29-7.4 (m, 5H, aoméiic)

(1R, 4S)-4-benzyloxycyclopent-2-en-1-ol (14)
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A lution of diene 11 (024 g, 1.1 mmol) and Grubbs cadyst (90 mg, 0.11 mmoal) in
CH.Cl; (100 mL) was dirred for 6 h @ ambient temperature.  The solvent was evaporated in
vacuo and the resdue purified on sglica gd column chromatogrephy (20% ethyl acetate in
hexane) to give 14 (0.29, 96%) asall.

'H NMR (CDCls, 200 MHZ): d 168 (dt, J = 454 Hz, 193 Hz, 1H, H5 [b]), 1.95209 (br s,
1H, OH), 257275 (m, 1H, H5 [a]), 4447 (m, 4H, H-1 H-4, CH0), 6.05 (s 2H, olefinic),
7.28-7.4 (m, 5H, aromatic).

(R)-4-Benzyloxycyclopent-2-en-1-one (1)

A mixture of 14 (06 g, 32 mma) and AgCOs3 on cdite (28 g, 06g ~ 1 mmal) in
benzene (20 mL) was heated to reflux for 6 h. Filtration over cdite pad, evgporaion of the
filraste and subsequent purification of the resdue by glica gd chromatogrephy (10% ethyl
acetate in hexane) gave 1 (0.46 g, 78%) asan ail.

[alo +77.0 (c 11, CHCL); lit. [a]o +420 (c 09, CHCly) and [a]p +220 (c 0.9, CHCL) for
80% ee.

'H NMR (CDCls, 200 MH2): d 236 (dd, J = 375, 175 Hz, 1H, H5 [b]), 2.7 (dd, J = 63, 175
Hz, 1H, H-5 [a]), 455470 (m, 2H, OCH.Ph), 4754.85 (m, 1H, H4), 625 (d, J = 63 Hz,
1H, H-2), 7.35 (m, 5H, aromatic), 7.6 (dd, J = 1.25, 6.25 Hz, 1H, H-3)

FAB MS (m/2): 27 (56), 41 (77), 55 (81), 69 (53), 91 (100), 107 (33), 123 (15), 154 (11), 189
(15 (M")

HRMS: Calcd. for (Ci2H130-M™): 189.0916. Found: 189.0911.
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