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b GENERAL REMARKS b

All reactions requiring anhydrous conditions were performed under a postive pressure of
argon or nitrogen using oven-dried glassware (110 °C).

All commercid reagents were obtained from Aldrich Chemicad Co and others. Progress of

the reaction was monitored by TLC and was visudized by UV absorption by fluorescence
quenching or |, staining or by baoth.

Solvents for anhydrous reactions were dried by sandard procedures. All organic layers

obtained after extractions were dried over anhydrous NaSO,. All evaporations were carried
out under reduced pressure on Buchi rotary evaporator. Solvents used for chromatography
were didtilled a respective boiling points. Silica gd for column chromatography was 60-120
mesh.

All the temperatures are in °C. All the mdting points and bailing points are in °C and are
uncorrected and were recorded on a Buchi B-540 mdlting point apparatus.

IR spectra were recorded on a Perkin-Elmer infrared spectrometer model 599-B and mode
1620 FT-IR (n max inami™).

'H NMR spectra were recorded using TMS as interna reference on Bruker AC-200 and

Bruker MSL-300 ingrument usng CDCkL or CDCl; + CCl;, DMSO-ds, Acetone-ds as
solvent. Chemica shifts are recorded in d. 3C NMR spectra were recorded on Bruker AC-
200 and Bruker M SL-300 instrument operating a 50 MHz and 75 MHz respectively.

Mass spectra were recorded on Finnigant+Mat 1020C Mass Spectrometer and are obtained at
an ionization potentia of 70 eV.

GLC was carried out on Hewlett Packard 5890.

Microanalyss was carried out in the microanaytical section of NCL.

Scheme numbers and reference numbers given in each section refer to the particular section
only.



Thesis Abstract
ThesisTitle

" Synthetic Strategies Towards Saintopin and its Derivatives, Pyranonaphthoquinone
Antibiotics and Catalytic Organic Transformations"

Thessisdivided into three chapters.

Chapter-1: Synthetic Studies Towards Naphtho [2,3-c] pyran -5,10-diones.

Chapter-11: The Synthetic Strategies Towads the Synthess of Saintopin and its Derivatives.
Chapter-111: Catdytic Organic Transformations.

Chapter I: Synthetic Studies Towar ds Naphtho [2,3-c] pyran -5,10-diones

This chapter is further divided into three sections.
Section 1: Total Synthesis of Psychorubrin and Pentalongin
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Psychorubrin (1) Pentalongin (2)

Psychorubrin (1)}, a naturdly occurring pyranonaphthoquinone  with  significant  antitumor
adtivity, was isolaled from Psychotria rubra, while pentdongin (2)° was isolated from Pentas
longiflora Oliv (Rubiaceag). Pentdongin and psychorubrin are both so caled pyranonaphthoquinone
antibiotics, a paticular group of microbid and plant metabolites with a characteristic 1H-ngphtho
[2,3-c] pyran -5,10-dione nucleus and are known to possess a vaiety of physiologica activities
agang Gram pogtive becteria, pathogenic fungi and yeeds as wel as antivird activity. This section
describes the totd synthess of psychorubrin and pentdongin. The key intermediae
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nagphthopyranone 4 was prepared from  1,4-dimethoxy-2-naphtylacetic  acid  (3) by
chloromethylatio® (Scheme-1). Partid reduction of the naphthopyranone 4 gave the required
hemiacetd 5. The hemiacetd when treated with cerium (IV) ammonium nitrate gave the target
molecule psychorubrin  (1). Dehydration of the psychorubrin with cataytic amount of p-
toluenesulfonic acid in benzene under reflux gave pentaongin (2).



Section 2: Attempts Towardsthe Synthesis of Hongconin and Related Compounds
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Hongconin (6) Eleutherin (7)

Hongconin (6)* is a novel naphthohydroquinone isolated from the rhizome of Eleutherine
americana. Mer a Heyne (Iridacese), a herba plant from southern China that has been used as a
medicine®. Hongconin and rdated compounds eleutherol, deutherin (7) and isodleutherin have been
isolated and formulation of these four purified compounds was demondrated to increase coronary
blood flow in isolated guinea pig heart®’. This section describes various atempted routes towards

the synthesis of hongconin and related compounds.
Retrosynthetic analyss suggested that the required ether 8 which could be prepared from the

dcohol 9 and ehyl 2-bromo propionate (10) would serve as important intermediates for the
synthesis of hongconin.
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Route A: Diels-Alder approach.

The required dcohol 9 was prepared by Friedd-Crafts acylaion of 14-
dimethoxynaphthalene, when acohol 9 was treated with n-BuLi and ester 10 the desired ether 8
could not be obtained, instead it gave the transesterified product 11 (Scheme-2).

Scheme-2
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Route B: Alkoxy Carbonylation of Quinones.

Quinones efficiently trap the radical upon decarboxylatiorf. According to this strategy 14
was treated with benzoquinone but the desired ether 15 could not be obtained (Scheme-3).
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Route C: Michad addition approach:

The formation of two C-C bonds in a single sep between methyl 2-methoxy-6-methyl
benzoate (16) and dihydropyrone 17 was effected by Michad addition reaction to give the required
tricydic lactone 18 as shown in scheme-4. Accordingly ester 16 was reacted with dihydropyrone 17
in presence of LDA® to aford the desired lactone 18. This lactone was protected and partialy
reduced with DIBAL-H. The reaulting lactol was subjected to Grignard reaction using methyl
magnesum iodide and the diol 19 thus obtained was cyclised in refluxing benzene in presence of
cadytic anount of p-toluene sulfonic acid to give the required dimethyl pyran skeleton 20 of

hongconin.

Scheme-4
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Section-3: Studies Directed Towar dsthe Synthesis of Thysanone

OR O OH
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R=H Thysanone(21)
R=0OMe

Thysanone (21)*°, a nove naphthoguinone with a lactol ring is an effective inhibitor of HRV
3C- proteese and was isolated in 1991 by Singh et al. from Thysanophora penicilloides.
Retrosynthetic gsudies suggested that tricyclic intermediate could be prepared by lithiation of
ordlinate derivative followed by trestment with dihydropyrone. The synthess of thysanone was
based on the condensation gpproach applied for the synthesis of hongconin (Section -2 C, Scheme-
4).

Scheme-5
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Thus the tricydic intermediate 23 was prepared by lithigtion of orsdlinate derivetive 22
followed by trestment with dihydropyrone 17 by a Michad reection. Phendlic functiondity of the
above intermediate 23 was protected as a benzyl ether. The benzyl ether 24 was first reduced to
corresponding lactol 25 with DIBAL-H and then to the benzopyran 26 with sodium borohydride in
presence of trifluoroacetic acid. Debenzylation of the benzopyran gave the corresponding naphthol
27. Sdective nuclear bromination a para postion of ngphthol 27 afforded monobrominated product
28 which was further trested with CAN to give quinone 29. Benzylic bromination of quinone 29
folowed by in situ treetment of the intermediate bromide with agueous THF gave methoxy
thysanone 30.



Chapter-l1: The Synthetic Strategies Towards the Synthesis of Saintopin and its

Derivatives
HO ! . l ! OH

OH OH

Samtopln (31)

In 1990, Yamashita et al'! isolated a new antitumor antibiotic saintopin (31) which induces
both topoisomerase | and I mediated DNA cleavage from the culture broth of Paecilomyces sp. The
interesting biologicd activity of santopin coupled with the low yidd from naturd sources
necesstated the need for a synthetic route to saintopin. So far no synthess of saintopin has been
reported, various srategies attempted in the present work for the synthess of saintopin are described
in this chapter.

Part-1: Friedel-Crafts Approach:

Condensation of phthdic anhydride with  phenol/hydroquinone in - duminium trichloride-
sodium chloride mdlt a 190° C to afford anthraguinones is well reported in the literature*? (Scheme-
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Usng this draightforward approach, we envissged that the condensation of 4,6-
dimethoxyphthdic anhydride (37) and required 6,8-dimethoxy-1-ngphthol (38) would give santopin
(31) dong with three other regioisomers 39, 40, 41. Accordingly a modd study was carried out on
phthadic anhydride and a-naphthol which gave the required naphthacenedione 34 in low yidds
When fusion reection was carried out on required anhydride 34 and naphthol 35 it gave a complex
mixture of products which was difficult to purify. Hence this gpproach was discontinued. To
overcome this problem we planned a different route which was based on the regiospecific
dkylaiom® of naphthol 38 with bromophthdide 42. When naphthol 38 was treated with
bromophthdide 42 in presence of SnCly at 0°C it gave a mixture of two products, dialkylated lactone

Scheme-7
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43 as well as required lactone 44 (Scheme-7). Reductive opening of the lactone 44 faled to give the
desired acid. 45.

It was fet that formation of the diakylated lactone 43 could be avoided ether by blocking
para postion of ngphthol or usng less amount of bromophthalide 42. To check the feaghility of the
reaction, modd sudy was caried out usng 4-chloro-1-ngphthol (48) to get the corresponding
lactone 49 as shown in the scheme-8.

Scheme-8
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Reductive opening of the lactone 49 by ZnCuSO, pyridine in agueous dkdi gave the
corresponding acids 50 which on cydlisation gave the anthrone 51. Oxidation of 51 could not give
the quinone 52.

Part-2: Intermolecular Nitroaldol Condensation Approach

Problem of regiospecificity in earlier Friedd-Crafts route could be avoided by directly
obtaining the diketo carbon framework 53 which could be daborated to santopin. Attempts in this
direction are described in this part. Retrosynthetic andyss reveded tha the key intermediate 58
which could be useful for the congtruction of tetracyclic carbon frame work could be prepared by
successve  intermolecular  nitroddol  condensation  (Henry  reection) followed by Nef and
Knoevenagel condensation as shown in the Scheme-10.

Scheme-9
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Accordingly nitroaldol condensation® of substituted nitrodlkane 57 with the adehyde 58
afforded the condensation product 56 which on Nef reaction’® gave the desired ketone 55.
Knoeverage type condensation'® of 55 with maononitrile resulted in the formation of the key
intermediate 54. Further hydrolyss of 58 gave a mixture of products. Cydlisation of the impure
hydrolysed product did not give the required diketo tetracyclic carbon frame 53 (Scheme-11). Hence
this approach could not be continued further.

Scheme-10
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Section-3: Intramolecular Houben-Hoesh Reaction Approach:

Although earlier intermolecular nitroddol condensation gpproach was unsuccessful, it
provided the key intermediate 54 for the Houben-Hoesh reaction approach. This approach is based
on the acylative ring cosuret® of the aromatic ring via ketimine intermediate. Accordingly, dicyano
compound 54 was treated with ZnCh in anhydrous THF while dry HCl gas was bubbled in the
reaction medium which gave the cyanongphthol 61. Cyanonaphthol was again subjected to Hoesh
reaction conditions for alonger time but the expected product 62 could not be obtained.

Scheme-11
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It was fdt that sdective reduction of double bond in dicyano compound 54 might help in the
acylation reaction and thereby formation of diketo compound 53. Accordingly reduction of double
bond was effected usng paladium on charcod (10%) under hydrogen amosphere a room
temperature to give reduced dicyano compound 63. Intramolecular HouberntrHoesh reaction of the
reduced cyano compound 63 employing the reaction conditions as above gave a mixture of two
products 64 in 26% and 65 in 44% yied. Compound 64 could be easily separated from compound 65
due to the consderable difference in R vduesof 64 and 65.

Scheme-12
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Benzylic monobromination of 64 or 65 and subsequent oxidation followed by demethylation
would lead to the saintopin (31). Further work in this direction isin progress in our group.

The synthesis of saintopin was atempted by three different approaches namely Friedd-Crafts
gpproach, nitroadol condensation and Houben-Hoesh reaction. The Friedd-Crafts acylation suffered
a problem of regiosdectivity while Friedd-Crafts dkylation met with difficulties in opening of
lactone ring of the required intermediate. Intermolecular nitroddol condensation approach though
unsuccessful, provided a key intermediate for the Houben-Hoesh reaction approach, which afforded
the tetracyclic carbon frame-work of saintopin.

Chapter-I11: Catalytic Organic Transformation.
This chapter is further divided into two sections

Section-1: Diastereosdlective Synthesis of Nitrodcohol Derivatives over Mg-Al-Hydrota cites

The Henry or nitroaldol reaction is one of the classca G C bond forming processes by which
diasereomeric mixtures of 2-nitrodcohols are formed on tretment of primary and secondary
nitroakanes and carbonyl compounds with a base. Mg-Al-Hydrotdcites (HT) have been found to
cadyze the reaction between ddehydes and nitrodkanes very efficiently affording threo
nitroalkanolsin a highly diastereosd ective manner (Scheme-13)*’.

Scheme-13
R—CHO + R “No, —— R/\l/ R/'\‘/
R= alkyl, aryl R'=H, Me, Et, etc

threo (major) erythro (minor)
i) Mg-Al -HT (20% w/w), THF, reflux, 6-8 h.

Section -2: Benzyltrimethylammonium Hydroxide Catayzed Nitroadol Condensation

The classcd nitroddol reaction performed by usng strong bases adways results in the
formation of sde products like Canizzaro reection of addehydes or olefin formation. This section
describes the study of the Henry reaction to develop a convenient and quick method for the effective
synthesis of nitroaldols using Triton-B as a catayst™® (Scheme-14).

Scheme-14 oH

R—cHO + R NO, —il»> R

R'=H, Me, Et, etc NOZ

i) Triton-B, 4-15 min, r.t.
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Chapter 1: Psychorubrin and Pentalongin

1.0.1 INTRODUCTION

In the preliminary screening of crude extracts of Formosan plants, the dcoholic extracts of
Psychotria rubra, which is known as "Chiu Chieh Mu" in Chinexe folk medicine, showed sgnificant
reproducible inhibitory activity agang KB cdls. As a result of separation of the acoholic extracts
guided by an in vitro assay in KB cdls, a new naphthoquinone named psychorubrin® and known
hdlanin  were isolaed as the active principles Psychorubring, a nauraly — occurring
pyranonaphthoquinone, is having sgnificatt  antitumor ~ activity. Pentdongin?, another  natural
product, has been isolated from Pentas longiflora Oliv (Rubiaceag). The dry powder from the roots
of Pentas longiflora is used as a folk remedy (Rwanda) to treat pityriads versicolor, a fungd
infection disease of the skin. In a bioassay guided phytochemica study of the roots, pentdongin was
identified as the physiologicdly active compound, responsble for the antimycotic activity of the dry
plant materid.

0] 0]
B ]
=
OH
o] o
Psychorubrin (1) Pentalongin (2)

Psychorubrin and pentalongin are both so-caled pyranonaphthoquinone antibiotics®.  This
particular group of microbid and plant metabolites with characterigtic 1H-naphtho[2,3-c] pyran -
5,10-dione nudeus which indudes examples such as naneomycin A*, frenolycin B® and deutherin®
is known to possess a vaiely of physologica activities Although the synthess of various
pyranonaphthoquinones has been extensively investigated in the literature’, a particular group of
pyranongphthoquinone antibiotics bearing a C (3)-C (4) double bond has received much less
atentior?. Examples of this group of 3,  4-dehydro-pyranonaphthoquinones  include
dehydroherbarin®, anhydrofusarubin'® and pentalongin and these pyranonaphthoguinones  show
ggnificant antimicrobid, antifungd and antiparagitd activities.
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OMe O
O
O
Frenolycin B O Eleutherin
OMe O 0 COOH OH O
Nanaomycin A
(@) | o)
= ¥
MeO MeO
0] OH O
Dehydroherbarin Anhydrofusarubin

Synthesis of Psychorubrin and Pentalongin

Under this subheading, the tota synthesis of psychorubrin and pentaongin is covered. This
includes different agpproaches reported in the literature and synthesis of sulfone andogue of
penatdongin is described. The present work also describes total synthesis of psychorubrin and
pentaongin.

The first tota synthesis of psychorubrin and pentalongin was reported by Kimpe et al'’.
wherein synthesis of these two ngphthoquinone antibiotics was peformed by two dternative
cyclisgtion drategies of 23-disubstituted 1,4-ngphthoquinones. In firs gpproach the utility of 2-
bromo-1, 4-ngphthoquinone (3) which is readily avalable from 1-naphthol through oxidative
bromination with NBS!?, was demonstrated. Radicd dlylation of the naphthoquinone 3 with vinyl
acdtic acid, usng ammonium persulfae and dlver nitrate in agueous acetonitrile dlowed the
introduction of an dlyl Sde chan a C2. The resulting 2-dlyl-3-bromo-1, 4 naphthoquinone @) was
subjected to a conventiona reductive methylation by means of tin (1) chloride and dimethyl sulfate
to yidd 2-dlyl-3-bromo-1, 4-dimethoxynaphthdene (5). Direct converson of this bromongphthaene
to substituted acohol was effected via the introduction of a methoxycarbonyl group and subsequent
reduction of this functiond group with LAH. Methoxycarbonylation of bromonaphthdene was
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caried out by bromine-lithium exchange and subsequent condensation of this trandent anion formed
with methyl chloroformate or methyl cyanoformate (Scheme-1).

Scheme-1
(0] (0]
Br Br Br
SOENCe 00
X
3 @] 4 (@] 5
OMe O OMe -
o OO OO T
OH
6 OMe 7 8 OMe
(0] (0]
(0] _)_»
=
(0] (0]
Psychorubin (1) Pentalongin (2)

Reagents and conditions

i) 1.5 €q.CHo,=CH-CH,-CO,H , 1.8 eg. (NH4)>S,0g , 0.5 eq. AgNOs. ii) a) 3.5 eq SCl,, EtOH, 12 N HCI, 50°C, 30 min.
b) 15 eq. Me,;SO4, KOH, 65 °C, 3hiiii) a) 1 eq. n-BuLi , THF, -78 °C, 10 min. b) 1.2 eq. MeOCOCN, THF, -78 °C, 30
min, r.t. 2h. ¢) HeO" iv) 1.2 eq. LiAlH,, Et;0, r.t. 16h. v) OsO, (cat.) 2 eq. Nal O, dioxane, H,O 3:1, r.t. 3h. vi) 3 eq.
CAN, CH3CN, H0, r. t,, 30 min. vii) TsOH (cat), benzene, heat, 30 min.

Lemieux-Johnson oxidation of acohol with cataytic osmium (VIII) oxide and excess of
sodium periodate resulted in lactol 8 as the sole product. These authors found that the lactol was
undergoing spontaneous eimination of water in anhydrous solvents. Lactol was further treated
immediaidy with cerium (1V) ammonium nitrate to afford psychorubrin (1). Findly pentdongin (2)
was obtained by trestment of psychorubrin with p-toluenesulfonic acid in benzene under reflux for
30 minutes'.

In another approach Kimpe et al®. reported the synthesis of psychorubrin and pentaongin
usng ehyl 3-mehyl-1, 4-dioxo-2-naphthyl acetate (9) as dating maerid. Reduction of the
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naphthoquinone ester with tin (I1) chloride in conc. HCl and subsequent methylation of the
intermediate hydroquinone ester with DMS in presence of excess potassum hydroxide gave the
naphthylacetic acid 10 in 78% vyidd (scheme-2). Brominaion of the above acid with NBS
sectivdly occurred & methyl group. The bromomethyl naphthylacetic acid 11 thus obtained was
then cyclised to lactone 12 using potassum carbonate in acetone under reflux.

Scheme-2
(e} OMe OMe Br
(U2t »-Qxx a2
OEt OH OH
9 0] 10 OMe 11 OMe
OMe OMe
(@) . .
OO | O, o
N
@] OH
12 OMe g OMe
Lva)
OMe
909
=
13 OMe

Reagents and conditions

i) a) SNCl,, 12 N, HCI, EtOH, 60-70 °C, 30 min. b) Me,S0,, 50% KOH, 80°C, 2h. ii) NBS, BPO, CCly, reflux, 4h 100%
iii) KoCO;s, acetone, reflux, 2h, 99% iv) DIBAL-H, benzene, r. t., 1h, 69% v) Ce(NH,)2(NO3)s, CH3CN, H20, r. t., 30 min.
va) Flash chromatography on silica gel, 32% vi) TsOH, benzene, reflux, 30 min., 64%.

Partid reduction of lactone 12 with 1 equivdent of DIBAL-H in benzene gave the hemiacetd
8. Treatment of the crude lactol with cerium (IV) ammonium nitrate in agueous acetonitrile gave
psychorubrin (1). Dehydration of psychorubrin with p-toluenesulfonic acid in benzene under reflux
gave pentaongin (2).

Recently Kimpe and co-workers reported the synthesis of a 2-thigpyranonagphthoquinone, a
sulfone andogue of pentaongin®®. The synthesis of the 1H-2-naphtho[2,3-c] thigpyran-5, 10-dione-
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2, 2-dioxide (18) an unnaturd 2-sulfone derivative of pentdongin was developed using the acid
caidyzed cyclisation of the naphthoquinone sulfone acetal as a key dep. The synthess of 1H-2-
naphtho[2,3-c] thigpyranoquinone has thus far been largdy unexplored. A seies of 3-
akoxycarbonyl and 3-carbonyl substituted 2-thigpyranongphthoquinones have recently been clamed
to possess antitumor activity. The darting point of the synthess was the bromomethylation of 1,4
dimethoxynaphthalene with paraformadehyde and hydrobromic acid giving the reedily avalable 2-
bromomethyl-1, 4-dimethoxynaphthdene (14)*. A one-pot double akylaion of the above
bromongphthalene with thiourea and bromoacetddehydedimethyl acetd afforded the sulfide acetd
15.

Scheme-3
(0]
= o cye
%/OMG %/OMG
OMe 17 ©O OMe
15 X=S,
16 =50, |||)
iv) ‘ SO
7

18 ©

Reagents and conditions
i) a) 1.1 eq. (NHy),-C=S, EtOH, heat, 6h. b) 2M NaOH, heat, 16h. c) 1.05 eq. BrCH,CH(OMe),, CH3CN heat, 4h. ii) 3
eg. CAN, H,0, 0°C, 30 min. iii) 3 eg. Oxone, MeOH, H,0, 1:1,r.t. 16 h.iv) 12M HCI, CH,Cl,, Et,O, r.t. 16 h.

The chemosdective oxidation of the sulfide usng oxone *® in agueous methanol gave the
aulfone acetd 16 while subsequent oxidative demethylation usng ceium (IV) ammonium nitrae
resulted in the naphthoquinone sulfone acetal 17. Upon treatment with conc. HCl in a biphasic
sysem with ether compound 17 afforded, via hydrolyss of the acetd, intramolecular cyclisation of
the intermediate ddehyde and dimination of hydrogen chloride, 1H-2-naphtho[2,3-c] thigpyran-5,
10-dione-2, 2-dioxide (18) in 49% yidd.
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Scheme-4
(0]
S
; y L
OMe (0] (0]
|||)
OMe (0] (@]
S iv) S v) S
=
21 OMe CI 22 O Cl 23 (0]

Reagents and conditions
i) 3 eq. CAN, CH;CN, H,O, O °C, 30 min. ii) 12 M HCI, Et,O, r.t. 16 h. iii) 12 M HCI, Et,0, r.t. 6 h. iv) 2 eq. CAN
CHa3CN, H,0, r.t. 20 min. v) EtzN, NaH, or DABCO.

In order to obtain 2-thia andogue of pentdongin, the naphthoquinone sulfide acetd 19 was
trested with 12 M HCI, usng the same conditions as those used for the synthess of the 2sulfone
andogue 18. However, in this case they got the hydrolyss of the acetd functiondity 19 to the
corresponding ddehyde 20 but the cydlisation did not occur (Scheme-4). The cyclisation could be
accomplished in the reduced dtate by the reaction of the dimethoxynaphthaene sulfide acetd 15 with
conc. HCl in a biphasc sysem with diethyl ether, giving chlorothigpyranonaphthadene 21 which was
immediatdy oxidized to chloro-thigpyranongphthoquinone 22. However, these authors were
unsuccessful to diminate HCI from 22 to afford the thia derivative 23.

Thermal Ring Opening Appr oach*®?;

In 1986 a group of Japanese scientists led by Naito'® carried out therma ring opening
reactions of 1,2-dihydrocyclobuta [b] nephthdene-3, 8-dione in order to synthesze 1H-2-
naphtho[2,3-c] pyran-5, 10-dione, a basic skeleton of pentaongin. After severa attempts they found

that it was converted to desired skdeton in 55% yield by treatment with p-toluenesulfonic acid in
refluxing acetone (Scheme-5).
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Scheme-5

O
CH(OMe)2
I = ‘u —
24 O

25 O

o 0
[ i
0 0
2 0 27 O

Reagents and conditions
i) TsOH, acetone, ii) H,/ Pd-C
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1.0.2 PRESENT WORK:

The combination of dructurd features and diverse biologica activiies have made the
pyranongphthoquinone class of antibiotics interesting and worthwhile synthetic targets  as
represented by the first totad synthesis of psychorubrin and pentaongin by Kimpe et al'. in 1999
followed by another synthetic report from the same group in the same year. Although Kimpe et al.
developed two aternative methodologies to construct benzopyran ring, it was necessary to explore
more efficient and convenient method to congruct benzopyran ring using inexpensve reagents.
Therefore we focussed our attention towards the totad synthess of these two antibiotics viz,
psychorubrin and pentalongin, and our efforts and achievements are described below.

(0] OMe OMe
o) o) COOH
= =1
OH o)
1 o) 12  OMme 28 OMe

A retrosynthetic protocol indicated that the key intermediate naphthopyran 12 could be
prepared from 1,4-dimethoxy-2-napthylacetic acid (28) as a logicd intermediate. Hence, the efforts
were directed towards the synthesis of requidite intermediate.

Scheme-6
e) OMe O
i) Na,S,0, __ACl,
ii) DMS, K,CO, CH COCI
29 0O
Ho,C” >CO,Et i) S, Morpholine
ii) NaOH
AgNO;, (NH,),S,0, )
O OMe
COEt  )NaS,0, CO,H
ii) DMS, K,CO,
iii) NaOH
29a O 28 OMe
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For the synthesis of 1, 4-dimethoxy-2-naphthylacetic acid (28) the intermediate 31 was prepared by
two methods as shown in scheme-6 and scheme-7. Accordingly dithionite reduction of 1,4-
naphthoquinone to 1, 4-dihydroxynaphthdene and further methylation with dimethyl sulfae and
potassum carbonate in refluxing acetone gave the 1,4-dimethoxyngphthdene (30). Friedd-Crafts
acylaion of the 30 afforded a mixture of three products. As the reaction mixture was showing green
colouration with acoholic FeClz solution, it was remethylated in the usud method to give agan
mixture of three products. Usuad workup and chromatographic separation afforded desired 2-acetyl-
1, 4-dimethoxynephthdene (31)%° in 50% yidd. In addition it afforded 6-acetyl-1, 4-
dimethoxynephthadene (30%) and 5-acetyl-1, 4-dimethoxynaphthdene (10%) as byproducts.
Therefore, naphthoquinone 29 was reductively acetylated in presence of zinc dudt, sodium acetate in
acetic anhydride and glacid acetic acid*’ which gave 1,4-diacetoxy naphthdene (32) in 88% vyidd.
Fries rearrangement and hydrolysis of the resulting naphthol 33 afforded 2-acetylngphthaene (34) in

Scheme-7
0] OH O
_Zn, NaOAc_ “ ZnCly AcOH “)‘\
Aczo AcOH
29 O 32 33  OAc

o OMe Q

i) 50% aq. ethanol DMS, K,CO,4
ii) HCI

81% yield. Methylation of 34 with DMS and K,COs3 gave 31 in 86% yidd. The trestment of 31 with
sulphur and morpholine (Willgerodt reection)'’™ a reflux temperature followed by the hydrolysis of
the morpholide formed with acoholic sodium hydroxide at reflux temperaiure and subsequent
acidification afforded 1, 4 dimethoxy- 2- naphthylacetic acid (28) in poor yield of 28%.

Another attempt of akoxycarbonylation of ngphthoquinone 29 with maonic acid monoethyl

eder in presence of slver nitrate and ammonium persulfate faled to give the desred (1,4-dioxo-1,4-
dihydronaphtha en-2-yi)-acetic acid ethyl ester (29a).

Therefore an dternate route was adapted to synthesize 28 (Scheme- 8) darting from 1.4-
dimethoxynaphthdene (30). Vilsmeer-Haack formylation of 1,4-dimethoxynaphthdene (30) gave 2-
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formyl 1,4-dimethoxynaphthdene (35), which was reduced with sodium borohydride in methanal to
give dmog quantitative yied of the acohol 36. The Structure of the dcohol was confirmed on the
bass of spectra data The 'H-NMR spectrum showed disappesrance of adehyde pesk and
appearance of a singlet at d 4.89 for -CH,OH. IR spectrum showed a band a 3440 cmi® which
further confirmed its gructure. The adcohol on further trestment with phosphorous tribromide in dry
carbon tetrachloride a 0 °C gave 2-bromomethyl-1, 4 dimethoxynagphthdene (14) in 96% vyidd. Its
'H-NMR spectrum showed a shift of benzylic singlet from d 4.89 to d 4.77. The bromonaphthalene
14 was converted into the corresponding nitrile 37 by refluxing with ethanolic  potassum cyanide.
IR spectrum showed absorption band a 2250 cm® in support of nitrile functiondity, while the
molecular ion pesk a m/z 227 further confirmed the dructure. After having the nitrile compound
prepared by one carbon homologation in hand, the next task was to hydrolyze the nitrile
functiondity in order to get the desred intermediate 1,4-dimethoxy-2-naphthylacetic acid (28).
Alkdine hydrolyss of the nitrile 37 in ethanol with excess of potassum hydroxide gave the acid 28
in 89% yield.

Scheme-8

OMe OMe OMe
CHO

DME-POCI NaBH,, MeOH oH

—_ 3 T 4 T
30 OMe 35  OMe 36 OMe

OMe OMe

PBr,, CCl, Br KCN, EtOH CN 25N, NaOH _ 2g
[ L S —_— —_——

14 OMe 37 OMe

Subsequently, construction of naphthopyran ring was undertaken employing chloromethylation'®
reaction of 1,4-dimethoxy-2-naphthylacetic acid (28) as a key step. Chloromethylation was carried out
with acetic acid, 37% formalin solution and conc. HCl a 90 °C to give 34-dihydro-5, 10-dimethoxy-1H-
naphtho [2,3-c] pyran-3-one (2) in 82% yield (scheme-9). The IR spectrum showed carbonyl absorption
band at 1745 cm* While *H NMR spectrum revealed two singlets at d 3.90 and 5.53 for two -CH,
groups. Molecular ion pesk m/z 258 in the mass spectrum further confirmed its structure. After

successful preparation of the key intermediate naphthopyran 12, it was partialy reduced using 1.0

10
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equivdent of diisobutyl auminum hydride in toluene a room temperature. The lactol 38 was obtained in
88.87% vyield dong with over reduced product 39 in 11% yield as shown in scheme-9. Oxidation of
lactol using cerium (IV) ammonium nitrate in aqueous acetonitrile gave psychorubrin (1) in 81% yidd.
Comparison of spectra data with the reported values confirmed the structure. Further dehydration of
psychorubrin with p-toluenesulfonic acid® in benzene under reflux gave pentalongin @) in 88% yidd as
red needles. Physicd and spectrd data were found to be consstent with the vaues reported in

literature.
Scheme-9
OMe OMe OMe
. . OH
w - O o O 0 0
o OH OH
12 OMe 38 OMe 39  OMe
liii)
0 0
| 0 iv) )
OH =
1 0 2 0

Reagents and conditions:
i) 37% formalin solution, AcOH, HCI, 90° C, 1h, 82%. ii) DIBAL-H, toluene, 0°C-r.t., 30 min. 88 % iii) 2 equivalents of
CAN, CH3CN, H,0, 0°C-r.t. 30 min., 81% iv) TsOH, benzene, reflux, 30 min., 88%.

1.0.3 CONCLUSION

In concluson we have achieved totd synthess of psychorubrin and pentaongin having 1H-
2-naphtho[2,3-c] pyran5, 10-dione employing chloromethylation of 1,4-dimethoxy-2-naphthylacetic
acid as a key dep. Present method is the practicd dternative for the preparation of the crucid
intermediate, naphthopyran 12 in one dep. All the deps involved in the present method give
products in high yidds, making it possble to have sufficient materid avaladble for further biologica

sudies.

11
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1.0.4 EXPERIMENTAL:

1,4-Dimethoxynaphthalene (30):

OMe

OMe

A mixture of 1,4-naphthoquinone (51.0 g, 0.32 moal), ethyl acetate (600 ml) and saturated solution of
sodium dithionite was dtirred well for 15 min. Ethyl acetate was removed under reduced pressure to
afford 1,4-naphthohydroquinone (51.0 g, 98.75%). A mixture of 1,4 -naphthohydroquinone (51.0 g,
0.31 mal), potassum carbonate (98.97 g, 0.71 mol), dimethyl sulfate (90.36 g, 70.0 ml, 0.71 mal)
and dry acetone (800 ml) was dtirred under reflux for 15 h. The acetone was removed by didtillation,
to the resdue was added water (500 ml) and the product extracted with ethyl acetate (3" 200 ml),
ethyl acetate layer was washed with water several times, with brine (100 ml), dried over sodium
sulfate and concentrated on rotary evaporator to give a white solid (55.82g, 93.15%); mp. 85 °C
[Lit.** mp. 84-85 °C].

IH NMR (CDCl3): d 4.0 (s6H), 6.74 (s, 2H), 7.52-7.60 (m, 2H), 8.20-8.30 (M, 2H).

2-Acetyl - 1, 4-dimethoxynaphthalene (31):

OMe O

OMe

To a dirred mixture of 1,4-dimethoxynaphthdene (5.0 g, 0.0265 mole) and auminum trichloride
(4.43 g, 0.0332 mole) in dry methylene chloride (60 ml) was added acetyl chloride (2.60 g, 4.0 ml,
0.0332 mole) dropwise a 0 °C. The reaction mixture was stirred for 4 hr a the same temperature,
then quenched with ice and HCI, extracted with methylene chloride, washed with water (50 ml),
brine (20 ml), dried over sodium sulfate and concentrated on rotary evaporator to give oily residue
(5.6 g) which was a mixture of three products as per TLC . The resdue obtained showed a green
colouration with dcoholic feric chloride indicating the presence of phenolic hydroxyl — which
formed due to the demethylation of product during the reaction. Hence the resdue was methylated
usng dimethyl sulfate (10 ml) and potassum carbonate (15 @) in boiling acetone (150 ml). Usud
work up of the reaction mixture yielded the mixture of products which were separated by column

12
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chromatography. The firg fraction afforded 2-acetyl-1,4-dimethoxyngphthdene (31) (3.0 g, 50%) as
colorless solid; mp. 59 °C [Lit mpt® 59-60 °C]. Second fraction afforded 6-acetyl-1,4-
dimethoxynaphthalene (1.8 g, 30%) as ydlow solid; mp. 111 °C. The find fraction afforded 5-
acetyl-1,4-dimethoxynaphthaene (0.611 g, 10%) as yellow solid; m.p. 56 °C.

1,4-Diacetoxynaphthalene (32):

OAc

OAc

A vigoroudy irred mixture of 1,4-ngphthoquinone (4.5 g, 0.028 mole), zinc dust (1.0 g, 0.0153
mole) and sodium acetate (1.0 g, 0.012 mole) in 35 ml acetic anhydride was heated a 90 °C for 1 hr.
During this time the color of the solution changed from ydlow to dmogt colorless. This hot solution
was treated with 20 ml of glacid acetic acid and boiled for 15 minutes and filtered. The filtrate was
poured in 500 ml of water and stirred until the oil solidified into white crystas (7.8 g, 92%); m.p.
127 °C[Lit'"® m.p. 127-128 °C].

4-Acetoxy-2-acetyl-1-naphthol (33):

OAc

1,4-Diacetoxynaphthalene (27. 0 g, 0.110 mole) was added to a solution of anhydrous zinc chloride
(27.0 g, 0.197 mole) in glacid acetic acid (60 ml). The solution was refluxed for 30 min., cooled,
poured into cold water (4 lit) and irred for 15 min. The oily resdue cryddlized and gave 4-
acetoxy-2-acetyl-1-napthol (21 g, 78%) as pale green paaes, m.p. 102 °C. (from ethanol) [Lit™
m.p. 103-104 °C].

2-Acetylnaphthalene-1,4-diol (34):

OH O

o

OH

13
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4- Acetoxy-2-acetyl-1-naphthol (15 g, 0.061 mole) in 50% agueous ethanol was hydrolysed in the
presence of hydrochloric acid (80 ml). The solution was refluxed for 15 min and poured into ice-cold
water (4 lit). The diol (12.2 g, 98%), which separated as a yellow solid had m.p. 210 °C (from 5%
ethanol-benzene) [Lit'"® m.p. 206 °C].

Methylation of 2-acetylnaphthalene-1,4-diol (34) to 2-acetyl-1,4-dimethoxynaphthalene (31):

A mixture of 2acetylngphthdene-1,4-diol (6.0 g, 0.0297 moal), potassum carbonate (10.24 g, 0.0742
mol) and dimethyl sulfate (8.2 g, 6.3 ml, 0.0653 mol) in dry acetone (120 ml) was irred under
reflux for 15 hr. The acetone was distilled off, to the resdue was added water (200 ml) and the
product extracted with ethyl acetate (2 ~ 100 ml). The ethyl acetate layer was washed with water
severd times, with brine (20 ml), dried over sodium sulfate and concentrated on rotary evaporator to
give 31 as colourless solid (6.147, g 90 %); m.p. 59 °C [Lit'® m.p. 59-60 °C].

Preparation of 1, 4-dimethoxynaphthalene-2-acetic acid (28) by Willger odt reaction:

A mixture of 31 (675 mg, 2.93 mmol), sulphur powder (139 mg, 4.34 mmol) and morpholine (1.0
ml) was refluxed for 18 hr. The reaction mixture was cooled and poured into cold water (10 ml).
The brown coloured thick semisolid mass thus obtained was refluxed with 10% ethanolic sodium
hydroxide solution (20 ml) for 12 hr. The ethanol was didtilled off under reduced pressure, the
resdue was diluted with water and acidified with conc. HCl. The colourless solid so obtained was
filtered, washed with cold water and air dried to afford 28 as white powder (200 mg, 28%); m.p. 122
°C[Lit** m.p. 124-125 °C].

2-Formyl- 1,4-dimethoxynaphthalene (35):

OMe

CHO

OMe

To a complex prepared from DMF (3.88 g, 4.10 ml, 0.05 mol) and POCk (7.32 g, 4.44 ml, 0.04 mol)
at (° C, was added 1,4-dimethoxynaphthaene (30) (10.0 g, 0.05 moal) at once, alowed to attain room
temperature and then heated at 80° C for 4 hours. The resulting dark red mixture was cooled and
decomposed with saturated solution of sodium acetate with girring. The addehyde separated out as a

14
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solid which was filtered, washed with water severa times, dried and cryddlized from hexane-ethyl
acetate (10.78 g, 93.89%); mp. 118 °C [Lit *** m.p. 117-118 °C].

IR (CHCh): 1676 cmit (C=0); 'H NMR (CDCh): d 4.04 (s, 3H), 4.11(s, 3H), 7.12 (s, 1H), 7.52-
7.75 (m, 2H), 8.12-8.36 (m, 2H), 10.57 (s, 1H, -CHO): M'S (m/2): 216 (M*, 100), 201 (64), 173 (58),
145 (62), 130 (33), 115 (60), 102 (70), 91 (42) and 75 (65).

2-(Hydroxymethyl)-1,4- dimethoxynaphthalene (36):

OH

OMe

2-Formyl-1,4-dimethoxynephthdene (35) (105 g, 0.04 mol) was disolved in didilled methanol
(200 ml) and tirred at room temperature. To this stirred solution, sodium borohydride (1.83 g, 0.04
mol) was added in portions within haf an hour. After completion of the reaction, excess methanol
was didtilled off, water (100 ml) was added to the residue, neutrdized with acetic acid and extracted
with chloroform (2 “ 100 ml). The combined chloroform layer was washed with water followed by
brine and dried over sodium sulfate. Remova of the solvent gave acohol 36 as a white solid (9.98 g,
94.23%); mp. 70.3 °C.

IR (CHCl3): 3440 cmit (CHp-OH); *H NMR (CDCh): d 2.28 (bs, 1H, -OH), 3.94 (s, 3H), 4.01 (s,
3H), 4.89 (s, 2H), 6.82 (s, 1H), 7.42-7.60 (m, 2H), 8.04 (d, J= 8Hz, 1H), 8.25 (d, J= 8 Hz, 1H); M'S
(m/z): 218 (M*, 73), 203 (10), 187 (8), 175 (100), 160 (45), 144 (18), 115 (53), 91 (8) and 76 (12).

2-(Bromomethyl)-1,4-dimethoxynaphthalene (14):
OMe

co

OMe

2-(Hydroxymethyl)-1,4- dimethoxynaphthdene (36) (9.95 g, 0.04 nol) was dissolved in dry CCly
(200 ml) under cacium chloride guard tube, cooled to @ C and tirred at the same temperature for
haf an hour. To this dtirred solution was added PBrs3 (6.16 g, 2.16 ml, 0.02 mol) dropwise within 10
minutes. It was further dirred a the same temperature for haf an hour and quenched with water a
the same temperature. CCl, layer was washed with water, 10% agueous bicarbonate, brine and dried

15
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over sodium sulfate. Remova of the CCly, under reduced pressure gave white solid after column
chromatographic purification (12.32 g, 96.47%); mp. 97 °C [Lit"* m.p. 99.5 °C].

IH NMR (CDCL): d 4.01 (s, 3H), 4.02 (s, 3H), 4.77 (s, 2H), 6.71 (s, 1H), 7.45-7.60 (m, 2H), 8.05
(d, J= 8Hz, 1H), 8.24 (d, J= 8Hz, 1H); M'S (m/z): 280 (M*, 17), 282 (M*, 17), 201 (100), 186 (42),
170 (22), 143 (11), 128 (29), 115 (36) and 76 (11).

2-(Cyanomethyl)-1,4 -dimethoxynaphthalene (37):

o

OMe

A solution of the 2-bromomethyl-1,4-dimethoxyngphthdene (14) (12.10 g, 0.05 mol) and KCN
(18.07 g, 0.27 mol) in ethanol (240 ml) and water (40 ml) was refluxed for 3 hours. The dark red
solution was cooled and poured on ice (300 g) and the separated oil was extracted with ether. The
ethered extract was dried over sodium sulfate and the solvent was removed by didtillation to give the
required cyanide 37 as pale yelow solid compound (7.66 g, 75.31%); mp. 111 °C [Lit mp.2* 112-
113 °C].

IR (CHCl): 2250 (-CN), 1595 cni’; 'H NMR (CDChy): d 3.91 (s, 3H), 3.92 (s, 3H), 4.01 (s, 2H),
6.72 (s, 1H), 7.46-7.60 (m, 2H), 7.99 (d, J= 8 Hz, 1H), 8.23 (d, J= 8 Hz, 1H); *C NMR (CDCk): d
18.26 (CH,CN), 55.57, 61.97, 103.36, 117.98, 121.66, 122.58, 125.81, 126.04, 127.03, 128.13,
147.10, 152.39; M'S (m/z): 227 (M", 62), 212 (100), 197 (10), 184 (16), 169 (15), 153 (11), 115 (15)
and 76 (12).

1,4-Dimethoxynaphthalene-2- acetic acid (28):

OMe

COZH

OMe

A solution of 37 (7.0 g, 0.03 mal) in ethanol (15 ml) and 25 N NaOH (7.0 ml) was heated under
reflux for 18 hours a which point the evolution of ammonia was no longer detected. The reaction
mixture was cooled and poured into ice water, pH was adjusted to 7 with conc. HCl and the white
solid which separated out was filtered and dried (6.5g, 89.70%); mp. 122 °C [Lit'* m.p. 124-125 °C].

16
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IR (CHCl): 3449, 1709 cmi* (-COzH); *H NMR (CDCly): d 3.88 (s, 2H), 3.93 (s, 3H), 3.98 (s, 3H),
6.66 (s, 1H), 7.43-7.59 (m, 2H), 8.02 (dd, J= 8 Hz, 2 Hz, 1H), 8.22 (dd, J= 8 Hz, 2 Hz, 1H); *C
NMR (CDCl): d35.33 (-CH,CO,H), 55.32, 61.98, 105.09, 121.19, 121.63, 122.30, 125.20, 126.04,
126.45, 128.18, 147.48, 151.70, 177.65; M'S (m/2): 246 (M* 56), 231 (6), 213 (12), 187 (100), 159
(22), 143 (16), 128 (22), 115 (43), 102 (9), 89 (10) and 76 (12).

3,4-Dihydro-5, 10-dimethoxy-1H-naphtho [2,3-c] pyran-3-one (12):
soe
o

A 50 ml round bottom flak was charged with 1,4-dimethoxynaphthylacetic acid (28) (0.5 g, 2.0
mmol ) and 25 ml of acetic acid. The solution was stirred and heated at 80° C in an ail bath, while
8.6 ml of conc. HCl was added rapidly and followed immediatdy by 6.17 ml of 37% formdin. The
ydlow solution was sirred and heated for 1 hour, during which time reaction temperature reached to
90° C and solution assumed a dark colour. After cooling to room temperature the solution was
poured into a mixture of 100 g chipped ice and 100 ml of cold water. The mixture was extracted with
chloroform (100 ml), the chloroform layer was washed with 5% sodium bicarbonate until neutrd,
then with water and dried over sodium sulfate. Evaporation of the solvent gave crude lactone which
was purified by means of column chromatogrgphy using 5% acetone in pet ether as duent to afford
pure 12 (0.433 g, 82.63%) as white solid; mp. 126 °C| Lit®. mp. 126 °C].

IR (KBr): 1745 cm* (C=0); *H NMR (CDCl): d 3.89 (s, 2H, CH,C=0), 3.93 (s, 3H, OMe), 3.94
(s, 3H, OMe), 5.53 (s, 2H, CH,0), 7.50-7.60 (m, 2H), 8.03-8.15 (m, 2H); *C NMR (CDCk): d
30.51 (CH.C=0), 62.01 (OMe), 62.60 (OMe), 64.88 (CH,0), 119.32, 120.38 (=C quat), 122.15,
122.57, 126.30, 126.60, 127.55 (=C quat), 128.69 (=C quat), 147.99 (=C-OMe), 148.69 (=C-OMe),
169.79 (-C=0); M S (m/2): 258 (M", 100), 243 (15), 215 (15), 199 (36), 171 (12), 141 (18), 128 (32),
115 (28), 91 (10) and 76 (18).

3,4-Dihydro-5, 10-dimethoxy-1H-naphtho [2,3-c] pyran-3-ol (38):

OMe

L

OMe

OH

17
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Under nitrogen atmosphere a solution of 34-dihydro-5, 10-dimethoxy-1H-naphtho [2,3-c] pyran3-
one (12) (0.126 g, 0.4 mmol) in toluene (6 ml) was trested with a solution of 25 M DIBAL-H in
toluene (0.069 g, 0.200 ml, 0.4 mol) at 0° C and after tirring for 1 hour a room temperature the
mixture was poured in 2 M HCl. The organic layer was separated and the aqueous phase was
extracted with ethyl acetate. The combined organic extracts were washed with brine, dried over
sodium sulfate and evaporated under reduced pressure to give 34-dihydro-5, 10-dimethoxy-1-H-
naphtho [2,3-c] pyran-3-ol (0.079 g, 88.87%) (38) as a colorless oil dong with an over reduced diol
39 (0.014g, 11%), which was separated by column chromatography.

IR (Neat): 3390 cm* (OH); *H NMR (CDCl): d 2.95 (dd, J= 16 Hz, 4 Hz, 1H), 3.28 (dd, J= 16 Hz,
4 Hz, 1H), 3.89 (s, 3H, OMe), 3.90 (s, 3H, OMe), 4.97 (d, J=16 Hz, 1H), 5.19 (d, = 16 Hz, 1H),
5.41 (t, J= 4 Hz, 1H), 7.40-7.60 (m, 2H), 7.95-8.15 (m, 2H); M'S (m/2): 260 (M*, 88), 242 (24), 228
(30), 214 (71), 199 (100), 171 (20), 141 (22), 128 (35), 115 (30) and 77 (14).

2-(3-Hydroxymethyl-1, 4-dimethoxynaphthalen-2-yl)-ethanol (39):

I
OH

OMe

White needles; m.p. 152 °C ; IR (Nujol): 3187 cmit; *H NMR (CDCh): d 3.12 (t, = 4 Hz, 2H), 3.90
(s, 3H), 3.98 (t, J= 4 Hz, 2H), 3.99 (s, 3H), 4.88 (s, 2H), 7.45-7.55 (m, 2H), 7.99-8.12 (m, 2H); 3C
NM R (CDCL): d 29.80 (-CH,-CH,-OH), 56.38 (-CH,-CH,-OH), 61.71 (-CH,-OH), 62.96 (-OCHy),
63.62 (-OCH,), 122.29, 122.95, 125.89, 126.44, 128.02 (=C quat), 128.09 (=C quat), 128.53
(=C quat), 129.64 (=C quat), 150.92 (-C-OMe), 151.47 (-C-OMe€); M'S (m/z): 262 (M*, 100),
244 (3), 229 (7), 214 (28), 199 (42), 186 (22), 171 (17), 157 (9), 140 (17), 128 (38), 115 (40), 105
(12), 91 (9) and 77 (15); Andyss caculated for GsH1g04: C = 68.70, H = 6.87%; Found : C =
68.29, H = 6.96%.
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Psychorubrin (1):

o
I
OH

(0]

3,4-Dihydro-5, 10-dimethoxy-1-H-naphtho [2,3-c] pyran3-a (38) (55 mg, 021 mmol) was
dissolved in acetonitrile (3 ml). Then a solution of cerium (IV) ammonium nitrate (0.600 g, 1.07
mmol) in water (3 ml) was added & (® C and the reaction was dlowed to warm to room temperature
for 30 minutes. The mixture was poured into water, extracted with ethyl acetate, washed with brine,
dried and evaporated in vacuo. Column purification usng 30% acetone in petroleum ether afforded
psychorubrin (0.039 g, 81.25%) as apae yellow solid; mp. 153 °C [Lit*. mp. 150-152 °C].

IR (CHCl): 3410 (OH), 1660 (quinone), 1640 (quinone), 1590 (C=C) cm*; *H NMR (CDCh): d
2.65-2.94 (m, 2H), 4.60-4.90 (m, 2H), 5.50 (t, =4 Hz, 1H), 7.68-7.80 (m, 2H, Ar H), 8.02-8.16 (m,
2H, Ar H); 3C NMR (CDCh): d 22.97 (CH;0), 57.67 (CH,CHOH), 90.64 (CHOH), 126.15,
126.44, 132.0 (=C quat), 132.03 (=C quat), 133.75, 133.78, 139.23 (=C quat), 141.29 (=C quat),
183.01 (quinone), 183.49 (quinone); M'S (m/z): 230 (M*, 13), 212 (42), 184 (100), 156 (20), 128
(40), 115 (12) and 76 (40).

Pentalongin (2):

0]

ser

A solution of psychorubrin () (30 mg, 0.1 mmoIC; in benzene (5 ml) was heated under reflux for 30
minutes with a caaytic amount of p-toluenesulfonic acid. The mixture was cooled to room
temperature, diluted with ethyl acetate, washed with water, dried over sodium sulfate and evaporated
in vacuo. Chromatographic separation using 15% acetone in petroleum ether afforded pentalongin
(2) (0.024 g, 88.88%) as red needles; m.p. 162 °C[ Lit' m.p. 160-161 °C].

IR (CHCI): 1670 (quinone C=0), 1651 (quinone C=0), 1596 (C=C), 1553 cmi*; 'H NMR (CDCl):
d 5.18 (s, 2H, CH,0), 6.13 (d, J= 6 Hz, 1H), 6.99 (d, J= 6 Hz, 1H), 7.65-7.80 (m, 2H, ArH), 8.05-8.17
(m, 2H, ArH); ®C NMR (CDCly): d 6220 (CH,0), 98.06, 124.49, 126.04, 12656, 131.75, 132.61,
133.31, 133.89, 136.64, 154.18, 181.59 (quinone -C=0), 182.06 (quinone -C=0); MS (m/z): 212 (M",
100), 183 (28), 155 (12), 128 (32), 104 (8), 76 (10).
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Chapter 1: Psychorubrin and Pentalongin

1.1.1 INTRODUCTION

Eleutherine americana Merr. et Heyne (Iridacese), is a herbd plant cultivated in Hainan
Idand, South China The rhizome of this plant (Hong-Cong in Chinese) is used as a folk medicine
for the trestment of coronary disorders'. Hongconin was isolated from Eleutherine americanna in
1986 by Chen and coworkers®® with three other known naphthalene derivatives deutherol, deutherin
and isodleutherin?®®, A formulation of these four purified compounds was demonstrated to increase
coronary blood flow in guinea pig heart and to exhibit human anti-angind efficacy. The individud
abilities of the four agents to confer cardioprotective activity have yet to be discerned. The biologica
activity of hongconin was confirmed by pharmacologicd tests usng isolated guinea pig heart.
However, hongconin has been shown to exhibit cardioprotective activity againgt angina pectoris in
limited dinicd trids

Furthermore, the obvious dructurd dmilaities of the hongoonin to  wdl-known
isochromanquinones  such  as  kdafungin®, nanaomycin®, granatacin® and medermycin®  have
suggested other potentia medicina applications’.

Isolation and structural elucidation:

When the dcoholic extract of Eleutherine americana was concentrated to a smal volume
under reduced pressure deutherol precipitated. The filtrate was subjected to slica gd column
chromatography using dichloromethane as an duent to give three man fractions (A, B and C)
containing nephthdene derivaives Fraction A was recrydtdlised from ethanol to give deutheral.
The mother liquor upon rechromatography using petroleum ether-dichloromethane (5:2) as an duent
afforded hongconin (38). Fraction B was recryddlised from acetone to give eeutherin and fraction
C vyidded isodeutherin upon recrydtdlisstion from acetone. These crystdline products were
identified as deutherol, deutherin and isoeleutherin, respectively on the bass of spectrd andyss as
well as comparison of gpectral data with those reported in the literature. Hongconin (38) was
obtained as yelow needles upon recryddlisation from hexane-ether. The infrared (IR) spectrum of
hongconin reveded the presence of hydroxyl groups, aromatic rings and an ether linkage. The proton
nudear magnetic resonance fH NMR) spectrum was more informative and revesed the presence of
two hydroxyl groups, three aromatic protons, one methoxy group and two O-CH-CHs groups.
Irradiation of a triplet Sgnd a d 7.28 collapsed the doublets at d 8.00 and 6.95 into two singlets and
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when the doublet Sgnd & d 8.00 was irradiated, the triplet at d 7.28 and doublet a d 6.95 changed to
an AB-type quartet.

OMe OH oy
3
0
o)
0
o o~\{ oH O

Kalafungin o Nanaomycin D O (+)-Eleutherol

COR

R, =CHj;, R, = H (+) Eleutherine

Nanaomycin B
R, =H, R, = CH, (-) Isoeleutherine

R = NH, Nanaomycin C

(-) Hongconin (38)

Thus the three aromatic Sgnds were assignable to aromatic protons (C-6, G-7 and G-8) with
the same subgtitution pattern as those of deutherol, deutherin and isodeutherin. When a quartet
sgnd a d 5.41 was irradiated, the doublet signa of the methyl group a d 1.58 collapsed to a singlet.
The doublet sgnd of a methyl group a d 1.48 aso collapsed to a singlet upon irradiation of a
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quartet methine sgnd a d 4.63. Acetylaion of hongconin with acetic anhydride and concentrated
aulfuric acid yielded a diacetate, which showed absorption of a carbonyl group adjacent to aromatic
ring a an unusudly high wave number of 1702 cm®, besides two acetate absorptions at 1775 and
1770 cmt. This indicated the presence of acetoxyl group a the peri position to the carbonyl group.
The Stereochemistry of the two chird centers & C1 and C3 was confirmed to be (1R 3R) by
preparation of both enantiomers in opticdly pure form'®®. The assigned structure of hongconin (38)
was thus confirmed on the basis of the chemicd and spectra data. Important structurd festures of
hongconin indude a 1H-naphtho [2,3-c] pyran-4 (3H) one, bearing 5, 10-dihydroxy-9-methoxy-1, 3
dimethyl groups.

Earlier Methods for the Synthesis of Hongconin

Under this subheading, the various approaches reported in the literature’® for the totd
gynthesis of hongconin are described. After the Structure of hongconin was determined in 1986 by
Chen and coworkers, hongconin has dtracted the interet of synthetic chemists, snce an
invedtigation of its medicind potentid will require amounts of materid in excess of its low natura
occurrence. The following paragraphs describe the chemicd trandformations involved in the various

approaches.
Kraus's approach®:

Kraus and Li reported the firg tota synthess of hongconin. The tota synthesis of racemic
hongconin has been achieved in nine steps from 2,5-dimethoxybenzadehyde. The synthetic route
features a highly regiosdective Diels-Alder reaction as shown in scheme-9. Thus the reaction of 2,
5-dimethoxybenzaldehyde with methyl magnesum bromide & 0 °C resulted in the dcohol 39. The
acohol 39 was converted into its dianion with 2 equivaents of ABuLi a ambient temperature for 24
hr in 1.3 eher-pentane and its reaction with acrolein a -78 °C followed by adidification. An
insgparable mixture of diols was isolated in 41 % yield which as such was trested with mercuric
acetate in agueous THFS. The resulting mercurias were reduced with NaBH4 to provide a 5:1 ratio
of benzopyranols 40 and 41 in 59% yidd. The benzopyranol 40 was readily separated from 41 and
was oxidized to ketone 42 using PCC and cdite in quantitative yidd. The ketone 42 was oxidized
using the method of Rapports (AgO/HNO:s)® to afford a 94 % yield of benzoquinone 43 which was
reacted with 1-[(trimethylslyl) oxy]- butadiene in methylene chloride & -78 °C for 24 hr to afford

30



Chapter 1: Psychorubrin and Pentalongin

the Dids-Alder adduct, which was treated with Jones reagent in acetone a O °C. The remarkable
regiosdectivity'® in the cycloaddition reaction is not clear. However, these authors believe that the
cabonyl groups exert some influence on the regiosdectivity. Reductive methylation of hydroxy
quinone clearly generated a trimethylether 45. Oxidation of the hydroquinone dimethyl ether 45 with
AgO followed immediately by reduction with N&S,O4 under neutra conditions provided hongconin
in 38% overdl yidd.

Scheme-9

OMe CH, OMe CH,
2 OH i) i @
H i), ii) "
Y CH,
OMe OH 5:1 OMe OH
40 41
OMe CH, OR OR CH,
OMe O
42 =
45 R:Me

Vil 1X) o Hongeonin (38)

Reagents and conditions

i) n- BuLi (2 equivalents), acrolein, 1:3 ether: pentane, 24 h. 41%. ii) Hg (OAc),, NaBH,4, THF-H,O (2:1), 5h, 49% and
10% iii) PCC, Celite, CH,Cl, 0°C, 100% iv) AgO, HNOs, THF, 1h, 94%. v) 1-[(Trimethylsilyl)oxy] butadiene, CH,Cl,-
78 °C, 51%. vi) Jones oxidation. vii) Me>SO,, NayS,04, BusNBr. viii) AgO, 6N HNO;, THF ix) Na,S,0,, THF:H,0, 0°C,
88%

Green's Approach®®:

Green reported the second totd synthess of racemic hongconin as outlined in scheme-10,
wherein the dating adduct 47 was prepared by reaction between benzoquinone and 1-
methoxycydohexa-1, 3-diene 46''. The Dids-Alder adduct 47 was enolised with potassum
carbonate in dry acetone and then converted to diacetate 48.
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Scheme-10
OMe O OMe OAc OMe OAc
@ - @ - “ —- “ -
OMe OH O OMe OMe O
O -
—_—
50 OAcC 51 o\/\
OMe OMe OMe OMe
OO -0
X
53 OMe 54 OMe
55 R, =OH;R,=H
OMe OMe 56 R,=H;R,=OH
OO Q l)—> Hongconin (38)
45 OMe O
Reagents and conditions:

i) Benzoquinoneii) a) K,CO;3, acetone b) Ac,O, pyridine, 70 % iii) Pyrolysis, 210°C, 40 min. iv) a) BF3, 60 °C, 45 min.
b) Ac,O, pyridine, Zn dust, 1 hr, A, 69% v) a) CHal, K,COs, acetone, A, 5 hr 97% b) CH;OH/KOH, 25°C, 10 min. ¢)
Allyl bromide, K,CO;s, acetone, A, 3 hr, 91% vi) a) Claisen rearrangement 220°C, A b) CHsl, K,COs, A, 15 hr. vii)
LiAlH,, ether, 30 min. 95% viii) KOBU' , DMF, 60 °C, 10 min. ix) 7 mol. KOBU', DMF, dry oxygen, 80% x) PDC,
alumina, 25 °C, 4 hr., 90% xi) a) AgO/HNO3, 30 min, 70%. b) Na,S,0,.

Pyrolysis'® of the 48 resulted in dimination of the 14 ehano bridge to give diacetoxy
naphthaene 49, which underwent a regiospecific Fries rearangement to afford naphthol 50.
Treastment of the ngphthol 50 with potassum carbonate and iodomethane in acetone under reflux
produced expected methyl ether. Alkdine hydrolyss of the acetate gave naphthol, which was
converted into the alyl ether 51. Claisen rearangement of the alyl ether a 220 °C produced alyl
naphthol, which was methylated again to produce the trimethoxynaphthadene 52. Reduction of the

ketone function of this system usng LAH afforded the desred acohol 53, which was subjected to
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base induced cydlisation using potassum tertiary butoxide in DMF' for a short period to produce
excdusvey the (+) trans 1, 3 dimehylngphthopyran 54. Quantitative C-4 hydroxylation was
achieved by treatment of the ngphthopyran 54 with 7 mol equivaents of potassum tertiary butoxide
in DMF while bubbling dry oxygen through the medium. Thus epimeric mixture of 4-
hydroxypyrans 55 and 56 was produced in the ratio of 4:1. The next step involved the oxidation of
the C-4 dcohol. Thus trestment of the epimeric mixture of acohols with PDC produced the pyran
ketone 45. Findly oxidation of 45 with silver (1) oxide in nitric acid® followed by reduction with
Nax$,0,4 produced racemic hongconin (38), as shown in the scheme-10.

Swenton's Approach™®":

The various groups of organic chemists were trying to synthesse hongconin by a short and
efficient route. Swenton et al®" described a totd synthesis of hongconin in six steps by anndlation
reaction of levoglucosenone, with 3-cyano-1 (3H)-isobenzofuranone as well as 3-cyano-5-methoxy-
1-(3H)-isobenzofuranone™* (57). Reductive ring opening of the anndation products with zinc/copper
couple with subsequent chemicd transformations provided a facile entry into the naphthopyran
quinone ring sysem. The present gpproach (Scheme-11) is the gpplication of this chemidry to the
preparation of hongoonin having naturd  configuration.  Thus the annddion reaction of
levoglucosenone 58 with the methoxy-subdtituted cyanophthdide 57 furnished a cryddline, sable
naphthohydroquinone 59 and the reductive ring opening gave compound 60. Conversion of the
primary acohol to the mesylate followed by reaction with sodium iodide in acetone gave the iodide
61 in good yidds. Reductive diminaion of iodide by tri-n-butyltin hydride gave the required
product 62. Formation of lithium enolate of compound 62 with lithium tetramethylpiperidide
followed by addition of methyl iodide (10 eg) in the presence of DMPU (10 eq) gave a 4:1 mixture
of required methylated product 45 and its cis-isomer. Careful chromatography on slica gd gave
pure methylated product 45 which was oxidaively demethylated with silver oxide®’, and then
reduced with dithionite to give hongconin (38) as shown in scheme-11.
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Scheme-11
OMe cn OMe OH OMe OH CH,OH
o}
57
OMe OH CH,I OMe OMe CH, OMe OMe CH,
OMe O OMe O
Reagents and conditions:

i) 1.5 M CHaLi, THF:DMSO, 0 °C, 74% ii) Zn/Cu, THF/ACOH, A, 93%iii) MsClI, pyridine, CH,Cl, iv) Nal, Na,S,;04,
acetone, A. v) a) BusSnH, AIBN, benzene, A. b) DMS, K,COs, acetone, A. vi) LITMP, DMPU, CHsl, -78 °C-0 °C, 4h.,
55% vii) AgO, 6N HNO; then Na,S,0;4 at 0°C in THF:H,0, 57%.

Baker's Approach®®:

Baker et al. reported concise, enantiosdective synthess of (+) hongconin from 34-di-O-
acetyl -6-deoxy-L-glucd, usudly cdled as L-quinovd 3, 4-diacetate (63), dlowing the absolute
configuration of the naturd product to be assgned for the firg time. Both enantiomers of hongconin
have been prepared in opticdly pure form in four steps from L-quinova and D-fucd diacetates usng
cyanophthaide annulation chemigtry. Opticaly pure enone 70 avalable in three steps from known
6-deoxy-D-gdactd derivaive 64 (D -fucal diacetate) was reacted with cyanophthdide 57 to directly
afford the naturd product (-) hongconin. The endiomer of hongconin (38) and its (+)-cis
diasterecisomer were adso syntheszed in a padld fashion from the L-sugar counterpart. The
advances in C-glycosde synthesis could dlow converson of the gppropriate glycd into a more fully
congructed Michad acceptor dready possessng hongeonin's dimethylpyran skeleton in its proper
dereochemidtry such that its reaction with cyanophthdide could provide hongconin directly with the
required gereochemidry. This synthess demondrated the utility of commercidly avalable 34-di-
O-acetyl-L-quinovad [3,4-di-O-acetyl-6- deoxy-L-glucd (63)] as asarting materid.
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Scheme-12
~Z 0 L
R/ Ry . i), iii)
R, : Ra : Rs
OAc OAc
63 R, =H, R,= OAc 65 R, =H, R, =CH, 68 R, =H, R, =CH,
R, =CH,, R, =H Rs; =CHs, R, =H R; =CHj; R, =H
64 R, =OAc,R,=H 66 R, =CH; R, =H 69 R, =CH, R, =H
R;=H, R, = CHg4 R; =CH3, R, =H R; =CH;, R, =H
67 R, =CH;, R, =H 70 R; =CH,, R, =H
R; =H, R, =CH, R,=H, R, =CH,
OMe (y
[e]
L))
OH O
71 R,;=H, R,=CH; R; =CH,;, R, =H
72 R;=CH;, R,=H,R;=CH;, R, =H
38 R, =CH,, R,=H, Ry =H, R, =CHj,
Reagents and conditions:

i) TiCl4, AIMes, CH,Cl,, -78 °C i) NHg, MeOH iii) PDC-Ac,0, CH,Cl, iv) THF, -78 °C

Lewis acid catalysed C-1 dkylation of 63 led to 4:5 mixture of epimers 65 and 66 that were
easlly separated by chromatography. The stereochemistry at C-1 of these two species was tentatively
assigned and later confirmed through NOE studies on their respective end products. The intermediate 65
and 66 were eaborated in pardle via routine O-deacetylation (ammonia-methanol) and oxidation
(pyridinium dichromate-acetic anhydride™) into enones 68 and 69 respectively. The reaction between
cyanophthalide 57 and enones 68 and 69 occurred most smoothly affording the desired
naphthopyranones 71 and 72 respectively. All physical data of synthetic 71 were identical to those of
naturally occurring hongeonin, except the sign of optical rotation ]p *° + 258 ° (c 1.94, CHCly) { lit,
natural produc?® [a]p® + 26.0 ° (c 1.94, CHCl;). Thus absolute configuration of (-) hongconin is
established by synthesis of its enantiomer. Disomer of 63 was employed to obtain 38. C-1 akylation of
di-O-acetyl-D-fuca (3, 4-di-O-acetyl-6-deoxy-D-galactal) (64) by the action of the same reagents as
above led exclusvely to trans-dimethyl adduct 67 in moderate yield. Processing of 67 as above led to
enone 70 and finaly to synthetic (-)-hongconin (38); [a]®> -25.0 ° (c 1.94, CHCl). This approach

confirmed the absol ute stereochemistry of hongconin.
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1.1.2 PRESENT WORK:

Cadioprotective  activity exhibited by hongoonin and its dructurd  Smilaity  to
isochromanquinones such as kdafungin and nanaomycins, which exhibit antibictic activity, make
hongconin an éttractive target for organic chemists. An examination of the structure showed it to be
5,10-dihydroxy-9-methoxy- 1,3-dimethyl-4-oxo (1H, 3H) naphtho [2,3-c] pyran. Though there are a
few methods reported in the literature'® for the synthesis of hongconin, it was considered appropriate
to develop a short and efficient route to hongconin as the investigation of its medicina potentia will
require more quantities of hongconin. Our atempts to synthesze this novel molecule are eaborated
in this section.

Route A: DielsAlder Approach:

OMe OH
ClL— ¢ mﬁ

OH O
Hongconin (38)

5ﬂw

Retrosynthetic anadlyss suggested that the required dimethyl benzopyranone skeleton 73,
which could be prepaed from ethane-1-(2, 5-dimethoxyphenyl)-1-o (39a) and ethyl 2-
bromopropionate (74), would serve as the important intermediates for the synthess of hongconin.
Ethane-1- (2, 5dimethoxyphenyl)-1-ol (39a) could be prepared from hydroquinone (75) as shown in
the scheme-13.

36



Chapter 1: Psychorubrin and Pentalongin

Scheme-13
OH OMe OMe O OMe OH
DMS, K,CO, CH,COCI NaBH,
AlCl,
OH OMe OMe OMe
75 76 77 3%

Thus hydroquinone (75) was methylated with dimethyl sulfate and potassum carbonate in
refluxing acetone to give 90% vyield of 1, 4-dimethoxybenzene (76). Friedel-Crafts acylation of 1,4-
dimethoxy benzene (76) was caried out with acetyl chloride in presence of duminum chloride in
dichloromethane at 0 °C to afford the ketone 77 in 80% yidd. The ketone 77 showed physicd and
spectral properties consistent to those reported in the literature'’. The ketone 77 was reduced to the
corresponding  adcohol  with  sodium  borohydride in methanol to give ehane-1-(2, 5-
dimethoxyphenyl)-1-ol  (39a) in 95% vyidd. The spectrd andyss of dcohol 39a confirmed the
structure. The *H NMR spectrum of acohol 39a showed a doublet (3= 7.0 Hz) a d 1.5 for methyl
group, broad singlet at d 2.79 for acoholic -OH, and two singlets a d 3.78 and 3.83 for methoxyl
groups and a quartet a& d 5.06 for (CH3-CH-OH-) group. The aromatic protons appeared as a
multiplet & d 6.71- 6.84 for two protons and another multiplet at d 6.91-6.96 for single proton. The
other darting materid ethyl 2-bromopropionate (74) was prepared from propionic acid by a-
bromination, followed by eterification as shown in scheme-14.

Scheme-14
Br Br
OH  Br, PCl, /S(OH SOCl,, EtOH /H(OE'(
/ﬁ( 65-100° C 0°C-R.T.
0 o) o)
78 74

The *H-NMR vaues for ethyl 2-bromopropionate (74) were in good agreement with those
reported in the literature™. Having thus obtained both the starting materids in hand viz dcohol 39a
and bromo ester 74 as per the retrosynthetic plan, we assumed that preparation of BC ring synthon
and then condruction of ring A via Dids-Alder reaction would give the required tricyclic carbon
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framework of hongconin. O-dkylation of the dcohol 39a with the bromoester 74 usng a base
should give the O-akylated ester 79, which on hydrolyss followed by cydisgion should give the
desired 1,3-dimethyl subgtituted benzopyranone 81. Oxidative demethylation of 81 could result in
quinone 73, which will serve as dienophile for further Dids-Alder resction with 1-methoxy 1,3-
butadiene to give the target molecule hongconin as shown in scheme- 15.

Scheme-15
OMe OH OMe OMe
)Y _ Base _ O _Hydrolysis o
EIOW/K HO
|
OMe O OMe O
39a 74 79 80
OMe (0]
Cyclisation O Oxidative 0 <Diels-AIder H ,
- - Y — > = Hongconin (38)
demethylation Dithionite
reduction
OMe O ¢} @]
81 73

To examine the feashility of the reaction, a nodel study on benzyl dcohol 82) and ethyl 2

bromopropionate (74) was carried out using sodium hydride as a base, which resulted in G dkylated
product 83° 2° in good yidld as shown in the scheme-16.

Scheme-16
Br
©/\OH N /H(OEt NaH, DMSQ ©/\
o EEN Q[H\
82 74

Employing the above reaction conditions, when required acohol 39a was trested with
bromoester 74 the expected O-akylated ester 79 could not be obtained. The various reaction
conditions such as different base, temperature, time, solvent etc were tried as shown in scheme-17

but the expected O-akylated ester could not be obtained. In al the cases dating materia was
recovered back.
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Scheme-17
NaH, DMSO, 70 °C, 3 hr
OMe
OMe OH Br K,COj3, 18-Crown-6
OEt acetone, A, 8h Q
+ — Et
5 Li,CO,, TBAB,
L CH,CN, 8h OMe O
74 Na sand, toluene, 79

39a /\, 8h

To obtan the O-dkylated eder it was thought of usng srong base like n-butyllithium.
Accordingly acohol 39a was lithiated followed by trestment with ethyl 2-bromo propionate in an
attempit to obtain the required ester 79 but it gave transesterified product 84 as shown in scheme-18.

Scheme-18

OMe
OEt
n-BuLi, THF, )jl/ 74 o
OMe OH -8 °C B’W/go
OMe 84

OMe

OEt
OMe B Y, o

n-Buli, THF, 0 85
39a >
-78 °C (e}

OMe Br 86
The structure of transester 84 was confirmed by spectra andysis The *H NMR spectrum

showed two methyl doubletsat d 1.52 (J=6 Hz) and at d 1.85 (J= 6 Hz), two singlets at d 3.79 and
3.81 for two methoxyl groups, a multiplet a& d 4.35-4.52 for the benzylic -CH and another multiplet
a d 6.15-6.32 due to the -CH-Br proton. Molecular ion pesks at m/z 316 and 318 in the mass
gpectrum further confirmed its Sructure. It was fet that methyl group in ethyl 2-bromopropionate

may be posng some seric problem. To confirm the gteric problem, reaction of dcohol 39a and ethyl
bromoacetate 85 was carried out usng rRBuLi but that adso ended up with transesterified product 86

as shown in the scheme-18. The *H NMR spectrum exhibited a singlet a d 3.87 for -CH,Br, two
sngletsa d 3.82 and 3.80 for methoxyl groups, a methyl doublet & d 1.52 (J =7 Hz) and a quartet at
d 627 (J =7 Hz) for benzylic methine proton. Remaning aromatic protons resonated at their
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characterigic chemica shift postiors. The presence of molecular ion pesks a m/z 302 and 304 in
the mass spectrum confirmed its structure.

Thus the required O-akylated ester 79 could not be obtained. Falure to effect desired
dkylation led to the exploration of an dternative pathway to achieve the target. The reason why
ethyl 2-bromopropionate faled to akylate the acohol 39a to give the desired product 79 is unclear.
It is fdt that lithium anion favorably atacked on the more eectrophilic ester carbonyl rather than
attack on the carbon bearing haogen.

Route B: Alkoxycarbonylation of Quinones

Quinones can be dkoxycarbonylated in satisfactory yields by monoesters of oxaic acid and
the Ag+/S,0s> couple. Quinones efficiently trap the radicas with the formation of esters. Torssdl
and Shama®* reported a smple route to naphthacenequinones involving akoxycarbonylation of
naphthoquinones as shown in scheme-19.

Scheme-19

COOH 4
_A9° . o, + H*+ ROOC® —> CO, + R’

COOR Persulfate I .
sl
o

0
¢/COOR ¢/R
CHs
o)

R = CH,

(@]
) CeHs CH, CH Cxcllsatlon
||) ROOC’
COOR
(@]

The synthess was effected by the benzylation followed by ethoxycarbonylation. Based on
the above reaults it was fdt that synthess of hongconin could be achieved utilizing this approach, as
outlined in the scheme-20.

It was considered that 4 carbethoxy-3-oxapentane-2-carboxylic acid @9) could be the logica
gynthon for the synthess of crucid intermediate 73. 2,4-Dicarbethoxy-3-oxapentane (88) upon
patid akaine hydrolyss would give the mono carboxylic acid ester 89 that upon decarboxylation
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would result in the radicd. Alkoxycarbonylation of benzoquinone with the above radicd followed
by hydrolyss and cydlisation should give the crucid intermediate 73. Further transformations would
be same as depicted earlier in the scheme-15. Accordingly 2,4-dicarbethoxy-3-oxapentane 88 was
prepared by the condensation reection of ethyl lactate 87 and ethyl 2-bromopropionate 74, usng
sodium sand??.

Scheme-20

OH Br \)k \HL
/%(OEt + /H‘/OEt _Nasand _Hydrolysis _
74

(0]
@ O
HydronS|s
o o
AGNO, tOH/]\ Cyclisation T——» _ Hongconin (38)
(NH4)ZSZOS
] @]

90

The diester 88 exhibited spectral properties consstent with the assigned structure. The IR
spectrum revedled the absorption band corresponding to ester carbonyl a 1742 cmil. *H NMR
gpectrum reveded a multiplet & d 4.02-4.28 due to two methylene (-O-CH,-CH3) groups from
carboxyethyl and two -CH- groups (CH-O-CH-) from ether linkage, a doublet a& d 1.45 for two
methyl groups attached to -CH-O-CH- linkage integrating for sx protons and a triplet a d 1.28
integrating for sx protons for two methyl groups from carboxyethyl groups. Its mass spectrum
showed (M-CO,C,Hs) fragment a m/z 145. Having the required synthon 2, 4 -dicarbethoxy-3-
oxgpentane in hand, patid dkdine hydrolyss was caried out with potassum hydroxide which
resulted in 4-carbethoxy-3-oxapentane 2-carboxylic acid 89 structure of which was confirmed by *H
NMR spectrum. The comparison of *H NMR spectra of diester and monoester showed that the ratio
of integration of ester methyl group compared to ester methylene and methine protons adjacent to
ether linkage together, was changed from 6:6 to 3:4. Appearance of a broad singlet a d 7.80 for
carboxylic acid proton confirmed that one ester group was hydrolyzed. When the monoester 89 was

treated with benzoquinone in presence of dlver nitrate and ammonium persulfate in agueous
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acetonitrile in order to generate the decarboxylated free radicd as shown in scheme-21, a mixture of

unidentifiable products was obtained. As dl the efforts to obtain crucid intermediate 73 faled, this
approach was discontinued.

Scheme-21
O
(] (@]
\/\Loa
+ o AgNO,, 0
/S}/OH (NH,),S,04 toﬁ\
(e} (@] (@]
(@]
89 73

Having faled again a this juncture a deeper look into the retrosynthetic andyss suggested
that synthess of hongconin could best be achieved by directly obtaining tricyclic intermediate 105
and then functiona group manipulationsin C ring as shown in scheme-22.
Route C: Michael Addition Approach

Scheme-22
OMe OH OMe OBn OMe OBn
Q o) OH
L = — (¢ =
OH O
38 91 92
OMe OBn OH OMe OR O OMe O 0
0 o) OMe o)
=> = C{M * Jfl
MeO
93 94 R =Bn 95 96
105 R=H

The tricydlic intermediate 105 could be effected by Michad addition reection of the anion of
methyl 2-methoxy-6-methyl benzoate (95) with a dihydropyrone 96. Introduction of methyl group
on the lactone carbonyl of tricyclic intermediate would lead to the dimethylpyran skeleton of
hongconin. Intramolecular cyclisetion of the resulting diol 92 followed by reaction sequence as
shown in the retrosynthetic plan would afford hongconin. The formation of two C-C bonds in a
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sngle step between ester 95 and dihydropyrone 96 was envisaged to give the required tricydic
intermediate 105. The aromatic ester synthon 95, required for the coupling reaction with pyrone 96,
could be obtained from 2, 3-dimethyl phenol by the known procedure? as shown in the scheme-23.

Scheme-23
OH OMe OMe
CH, CH, CHO
DMS, K,CO, K2S;04 KMnO,
e _— _— =
CuS0,.5 H,0
CH, CH, CH,
97 08 100
OMe OMe O
CO,H
DMS, K,CO, OMe
B
CH, CH,
101 95

Thus 23-dimethyl phenol (97) was methylated usng dimethyl sulfate and potassum
carbonate in refluxing acetone to afford 2,3- dimethylanisole (98) as a brown oil. This was usd
without any purification for further oxidation with agueous potassum peroxydisulfae®® in
acetonitrile, water and pyridine to give the ddehyde 100 (70%) which was used as such for further
reaction.

The dructure of adehyde 100 was confirmed by purification and spectrd andyss. Its IR
spectrum showed a carbonyl absorption band at 1686 cmi*. The *H NMR spectrum of the adehyde
showed a methyl dnglet a d 258, methoxyl snglet a d 3.90, multiplet a d 6.80-6.85 for two
aromatic protons, a triplet a d 7.39 (=4 Hz) for one aromatic proton and a singlet a d 10.65 for
adehyde proton. Oxidation of the addehyde 100 as such with powdered potassum permanganate in
benzene-water and tetra-n-butyl ammonium iodide as a phase trandfer catdys yidded 2methoxy-6-
methylbenzoic acid (101). Methyl 2-methoxy-6-methylbenzoate (95) was then prepared by
edeification of the acid 101 with dimethyl sulfate and potassum carbonae in refluxing acetone in
95 % yidd.

The dructure of ester 95 was dso confirmed by spectra andysis. Its IR spectrum showed a
carbonyl band a 1731 cm*. The *H NMR spectrum showed a singlet a& d 2.37 for methyl protons,

two snglets a d 3.90 and d 4.00 for methyl ester and methoxyl ether respectively, a par of ortho
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coupled doublets a d 6.84 (= 6 Hz) and 6.88 (3= 6 Hz) integrating for two aromatic protons and a
triplet a d 7.33 (=6 Hz) for the remaining aromatic proton. The gppearance of the molecular ion
pesk a m/z 180 in the mass spectrum further confirmed the assigned structure.

The pyrone counterpart 96 was prepared by known literature procedure®® from commerdialy
available dehydroacetic acid (102) as shown in scheme-24.

Scheme-24

0O 0 0 0 o]
)%0\90 % H,SO, /ijO\DMS, K,CO, /ij)\ H,/ Pd-C /lii)\
_ _— | B
HO HO Z MeO = MeO
102 103 104 96

Thus the dehydroacetic acid (102) was deacetylated™ by heating it with concentrated sulphuric
acid to give triacetic lactone (L03) methylation®® of which with dimethyl sulfate in presence of potassium
carbonate in acetone furnished methyl ether 104. The physical and spectra properties of the triacetic
lactone methyl ether were in good agreement with those reported in the literature®. The triacetic lactone
methyl ether 104 was hydrogenated?” over paladium on carbon employing a hydrogen balloon a room
temperature to give dihydropyrone 96. Its physical and spectral properties were in good agreement with
those reported in the literature. With key synthons dihydropyrone 96 and aromatic ester 95 in hand, the
condensation reaction was carried out. Thus lithiation®® of ester 95 at -78 °C with 2 equivaents of LDA
followed by treatment with dihydropyrone 96 gave the tricyclic intermediate 105 as shown in scheme-25.
The structure of tricyclic intermediate 105 was assigned on the basis of spectral data. The IR spectrum
revedled absorption band at 1654 cmi* for lactone carbonyl function. The *H NMR spectrum showed a
methyl doublet at d 1.57, benzylic CH, appeared as a multiplet at d 3.02 and a multiplet at d 4.66-4.86 [-
CH3-(0O)-CH-CHg]. The chelated hydroxyl proton was observed at d 13.21. Rest of the aromatic protons
resonated at the appropriate positions. The mass spectrum exhibited molecular ion pesk a m/z 258
confirming the assigned dtructure. Tricyclic intermediate 105 was treated with benzyl bromide in
presence of potassium carbonate to yield the benzyl ether 94 structure of which was assigned on the basis
of '"H NMR spectrum. The disappearance of singlet for chelated hydroxyl proton and appearance of
benzylic ether protons as two doublets at d 5.08 and 531 as well as additiond aromatic protons
indicated formation of the desired benzylic ether. Assigned structure for the benzyl ether 94 was further
supported by presence of a molecular ion peak at m/z 348.
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Scheme-25
OMe O o] OMe OH O
OMe O LDA O BnBr
-78°C K,CO,
MeO
95 96 105
OMe OBn O OMe OBn OH OMe OBn
DlBAL-H OO o OO 2
OH
94 93 92
OMe OBn OMe O
PTSA O i) Debenzylation O i) Oxidation 38
ii) Bromination i) Reduction
iii) Oxidation
106 0
Eleutherine

In accordance with the plan, alkylation® reaction of the benzyl ether 94 was carried out using methyl
magnesium iodide in ether-THF, but unfortunately this akylation reaction did not proceed and we had to
adapt a two-step sequence to accomplish this reaction. Accordingly the lactone functiondity in the
benzyl ether 94 was reduced to lactol 93 with DIBAL-H in toluene a -60 °C. The IR spectrum of lactol
93 reveded the presence of absorption band at 3380 cmi' and absence of pesk in the carbonyl
functionality region. The '"H NMR spectrum of lactol showed a mixture of diastereomers. A methyl
doublet was observed at d 1.39 (= 7.0 Hz), while a multiplet & d 4.46-4.62 was assigned to the methine
proton adjacent to the methyl group [FCH,-(O)-CH-CHj3]. Two benzylic protons appeared as a set of wo
doublets & d 5.00 (= 8 Hz) and at d 5.22 (= 8 Hz) each integrating for a single proton. The remaining
aromatic protons resonated between d 6.46-7.65 as a multiplet integrating for nine protons. The
molecular ion pesk at m/z 350 further confirmed its structure.

Grignard reaction on this lactol 93 was then carried out at 0 °C in order to introduce a methyl
group a C1 carbon, which resulted in the diol 92. The *H NMR of the diol 92 showed methyl doublets in

two sets at d 1.25 (J= 6.0 Hz) and 1.32 (= 60 Hz) due to methyl group at C3. Another set of two-methyl
doublets appeared a d 155 (k= 6 Hz) and a 1.60 (= 6 Hz) due to C1 methyl groups. Multiplet
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integrating for two benzylic protons FCH,-CH-CHj3] appeared at d 2.82-3.32. while the singlet a d 3.85
integrating for three protons was assigned to the methoxy group. A multiplet at d 3.99-4.16 was assigned
to [-CH,-CH (OH)-CH3] and a set of two quartets at d 5.45 (=6 Hz) and a d 5.61 (= 6 Hz) was
assigned to CH3-CH-(OH)-naphthyl. Benzylic CH, of benzyl ether appeared as a multiplet at d 4.85-5.20
and the aromatic proton adjacent to methoxy group appeared as a multiplet at d 6.75-6.88. Remaining
eight aromatic protons appeared as a multiplet at d 7.29-7.67. The mass spectrum showed molecular ion
peak at m/z 366 that further confirmed the structure. Thus after introducing a methyl group at C1 carbon,
intramolecular cyclisation of diol was carried out in refluxing benzene with cataytic amount of p-
toluenesulphonic acid which furnished the required dimethyl pyran skeleton of hongconin. The *H NMR
of the dimethylpyran 91 showed a complex splitting pattern arisng due to diasteromeric mixture
athough it showed a single spot on TLC. The *H NMR showed a multiplet at d 1.28-1.46 integrating for
three protons for C3 methyl group while another multiplet a d 1.55-1.69 was assigned to C1 methyl
group. A multiplet a d 2.50-3.00 integrating for two protons was assigned to the benzylic methylene
protons while the benzylic nethine proton appeared as a multiplet a¢ d 5.20-5.65. Benzylic protons from
the benzylic ether group showed a multiplet at d 4.15-4.43 integrating for two protons. Methoxyl
functionality exhibited a singlet at d 4.06. Aromatic protons appeared as two multiplets at d 6.64-6.85
and d 7.00-7.50 integrating for two and seven protons respectively supporting the assigned structure. The
presence of molecular ion peak a m/z 348 further confirmed the structure of the naphthopyran 91.
Debenzylation of 91 was attempted with H-Pd/C, EtOH, and H,, Pd(OH),, EtOH, which failed to afford
the corresponding naphthol as there was no reaction. Further attempts of debenzylation with H, Pd/C,
cycloheaxadiene, ethanol dioxan gave a product which showed molecular ion pesk a myz 258 but the 'H
NMR was not clear. Repeated reactions and purification of the product yielded smilar results so the
further steps (bromination and oxidation) leading to hongconin could not be accomplished.

1.1.3 CONCLUSION:

The present attempts towards the synthesis of hongconin can be summarized as follows:

The initid Dids-Alder approach met with failure as the required ester 79 could not be prepared
due to problems of transesterification. Alkoxycarbonylation route, which was attempted after the Diels-
Alder approach, was aso unsuccessful as the key intermediate 89 failed to react with benzoquinone. The
find Michael addition approach, though failed a advanced stage, provided the desired naphthopyran
skeleton.
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1.1.4 EXPERIMENTAL:

1,4-Dimethoxybenzene (76):

OMe
OMe

To a solution of hydroquinone (20.0 g, 0.18 mole) in dry acetone (400 ml) was added
anhydrous potassum carbonate (50.20 g, 0.36 mole) and the mixture was refluxed for 10 min.
Dimethyl sulfate (45.8 g, 34.0 ml, 0.36 mole) was added and the ieaction mixture was refluxed for
18 h. The acetone was removed by didtillation, reaction mixture was cooled and ice water was
added. The solid that separated was filtered, washed with water, dried and recrystdlised from
ethanol-water to give 1,4-dimethoxybenzene (22.5 g 90%); m.p. 56 °C.

2-Acetyl-1, 4-dimethoxybenzene (77):

OMe O

@)k

OMe

1,4-Dimethoxybenzene (5.0 g, 362 mmole) was dissolved in dry methylene chloride (50 ml),
anhydrous aduminium trichloride (6.0 g, 45.2 mmole) was added a once and the contents of the flask
were cooled to 0 °C with gtirring. Acetyl chloride (2.84 g, 36.2 mmole) was added dropwise within
15 min. The reaction mixture was girred for 4 hr a the same temperature, then quenched with ice
and HCI, extracted with methylene dichloride, washed with water (50 ml), brine (20 ml), dried over
NaSO,4 and concentrated on rotary evaporator to give 77 asacolorless oil (6.25 g, 80 %).

IR (Neat): 1672 cmit (-C=0). *H NMR (CDCk): d 2.62 (s, 3H, -COCHa), 3.79, (s, 3H, OMe), 3.87
(s, 3H, OMe), 6.87-7.06 (m, 2H, aromatic), 7.29 (d, J= 7 Hz, 1H, aromatic). *C NMR (CDCk): d
31.42 (COCHs), 55.35 (O-CHs), 55.61 (O-CHs), 112.88 (aromatic), 113.61 (aromatic) 119.82
(aromatic), 127.98 (aromatic), 153.05 (aromatic), 153.50 (aromatic), 198.82 (-C=0). M S (m/z): 180
(M*, 40), 165 (100), 150 (20), 137 (18), 122 (23) and 107 (25).
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Ethane-1-(2, 5-dimethoxyphenyl)-1-ol (39a):

OMe OH

OMe

To a solution of 2-acetyl-1,4-dimethoxybenzene (6.0 g, 27.9 mmole) in methanol (60 ml) a room
temperature was added sodium borohydride (0.525 g, 13.8 mmole) in smal lots over a period of five
minutes. After the addition was complete the reaction mixture was dirred at room temperature for 1
hr. After completion of the reaction methanol was didtilled off, water (100 ml) added to the residue,
neutrdized with acetic acid, extracted with chloroform, washed with water followed by brine and
dried over sodium sulphate. Removd of the choroform by didtillation under reduced pressure gave
colorless ail. This was filtered through a short band of glica ge using petroleum ether-acetone (9:1)
as an duent to afford the pure product 39a (5.8 g, 95%).

IR (neat): 3415 cm* (-OH). *H NMR (CDCh): d 1.50 (d, J= 7 Hz, 3H), 2.79 (bs, 1H, -OH), 3.78 (s,
3H, -OMe), 3.83 (s, 3H, -OMe), 5.06 (g, J= 7 Hz, 1H), 6.71-6.84 (m, 2H, aromatic), 6.91-6.96 (m,
1H, aromatic). 3C NMR (CDCl): d 23.08 (-CH (OH)-CHa), 55.57 (-OCHsz), 55.83 (-OCHs), 69.54
(-CH-OH), 11148 (aromatic), 111.85 (aromatic), 112.58 (aromatic), 134.53 (aromatic), 150.33
(aromatic), 151.14 (aromatic), 153.88 (aromatic), 154.19 (aromatic). M'S (m/2): 182 (M*, 100), 167
(91), 152 (23), 139 (73), 124 (25), 107 (10) and 91 (7).

2-Bromopropionic acid (78):
/I\COZH

Bromine (12.16 g, 0.076 mole) was added dropwise to a stirred solution of propionic acid at 65 °C,
cadytic amount of PCk was also added as an initiator. When the addition was complete (30 min),
gtirring was continued a 65 °C for another 12 hr by which time evolution of HBr amost ceased out.
Temperature of the reaction was further raised to 100 °C and tirred for another 1 hr and the product
was isolated by didtillation under reduced pressure to give 2-bromopropionic acid as a colorless all,
(7.0 g, 67%); b.p. 202 °C[Lit** b.p. 202-203 °C].
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Ethyl 2-bromopropionate (74):

Br

CO,Et

To a solution of 2bromopropionic acid (7.0 g, 0.045 mole) in ethanol (100 ml) a 0 °C was added
thionyl chloride (6.8 g, 4.14 ml, 0.057 mole) dropwise over a period of 25 min. It was dirred
overnight at room temperature, then poured onto crushed ice, extracted with methylene chloride (2 x
50 ml), washed with saturated sodium bicarbonate solution (30 ml) and then brine, dried over
sodium sulfate and concentrated under reduced pressure to give ethyl 2-bromopropionate as a
colorless liquid. It was purified by distillation a atmospheric pressure a 156-160 °C [Lit*! b.p. 158-
160 °C].

IH NMR (CDChy): d 1.27 (t, J= 8 Hz, 3H), 1.78 (d, J= 8 Hz, 3H), 4.19 (q, J= 8 Hz, 2H), 4.32 (q, = 8
Hz, 1H). M'S (m/2): 182 (M*, 11), 180 (M+, 11), 154 (20), 152 (18), 137 (15), 135 (17), 110 (61),
109 (95), 108 (75), 107 (100) and 73 (48).

Ethyl 2-benzyloxypropionate (83):

sol
I

Benzyl acohol (0.833 g, 4.6 mmal) in dry DMSO (3.0 ml) was added dropwise to a suspension of
sodium hydride (0.22 g, 9.2 mmol) in dry DMSO (4.0 ml) under nitrogen amosphere and the
mixture was dlowed to tir a room temperature for 15 min. Temperature was raised to 70 °C and it
was further gtirred for 30 min. Ethyl 2bromopropionate (0.76 g, 4.6 mmol) in DMSO (3.0 ml) was
then added dowly. It was then heated at 90 °C for further 3 hr. The reaction mixture was cooled and
diluted with ether (2 x 20 ml), washed with water, brine (10 ml), dried over sodium sulfate and
concentrated to give a syrup which was purified by column chromatography over slica gd usng 10
% acetone in pet ether as duent to afford ethyl 2benzyloxypropionate @3) as a colorless oil (0.71 g,
73.80 %).

IH NMR (CDCh): d 1.32 (t, J= 8 Hz, 3H), 1.48 (d, J= 8 Hz, 3H), 4.08 (g, J= 8 Hz, 1H), 4.23 (g, J= 8
Hz, 2H), 4.47 (d, J= 10 Hz, 1H), 4.73 (d, J= 10 Hz, 1H), 7.16-7.53 (m, 5H). M'S (M/2): 207 (M-CHs,
7), 178 (52), 164 (14), 155 (21), 149 (26), 135 (30), 126 (40) and 121 (100).

49



Chapter 1: Psychorubrin and Pentalongin

2-Bromopraopionic acid 1-(2,5-dimethoxyphenyl)ethyl ester (84):

ome
S
To a solution of dcohol 39a (0.5 g, 2.7 mmoal) in dry THF (10 ml) a 0 °C, was added nBuLi (1 ml
of 15 % solution in hexane, 0.147 g, 27 mmol) dropwise over a period of 10 min. It was further
dirred for 1 hr, a solution of ethyl 2bromopropionate (0.476 g, 2.7 mmole) in dry THF (5 ml) was
then added over a period of 20 min and reaction continued for another 3 hr. After completion of the
reaction, it was poured in saturated ammonium chloride solution (30 ml) and extracted with ethyl
acetate, washed with water, brine, dried over sodium sulfate and concentrated to give dense oil. It

was purified by column chromatography to afford the pure transester 84 as a colorless ail (0.559 g,
64.00 %).

IH NMR (CDCh): d 1.52 (d, J= 6 Hz, 3H), 1.85 (d, J= 6 Hz, 3H), 3.79 (s, 3H, -OMe), 3.81 (s, 3H, -
OMe), 4.35-4.52 (m, 1H), 6.15-6.32 (m, 1H), 6.75-6.80 (m, 2H), 6.92-7.04 (m, 1H). M S (m/z): 318
(M*, 12), 316 (M*, 14), 181 (68), 165 (78), 150 (100), 135 (30), 121 (15), 107 (25), 91 (12), 77 (18).

Bromoacetic acid 1-(2,5-dimethoxyphenyl)ethyl ester (86):

OMe
@J;L
OMe Br °
To a solution of doohol 39a (0.5 g, 2.7 mmoal) in dry THF (10 ml) a 0 °C, was added nBuLi, (1 ml
of 15 % solution in hexane, 0.147 g, 2.7 mmol) dropwise over a period of 10 min. It was further
dirred for 1 hr, a solution of ethyl bromoacetate (0.456 g, 2.7 mmol) in dry THF (5 ml) was then

added over a period of 20 min and reaction continued for another 3 hr. Work up and purification as
described for 84 afforded the pure transester 86 (0.497 g, 60.00 %) as a colorless ail.

IH NMR (CDCh): d 1.52 (d, J= 7 Hz, 3H), 3.80 (s, 3H), 3.82 (s, 3H), 3.87 (s, 2H), 6.27 (g, J= 7 Hz,
1H), 6.75-6.82 (m, 2H), 6.92-7.02 (m, 1H). M'S (M/2): 304 (M"*, 30), 302 (M*, 25), 181 (25), 165
(100), 150 (52), 135 (22), 121 (19) and 77 (10).
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2,4-Dicar bethoxy-3-oxapentane (88):

Toluene (10 ml) was added under nitrogen amosphere to sodium meta (1.0 g, 0.043 mmol)
prewashed with dry pet ether and heated a reflux. When the sodium metd meted, it was sirred
vigoroudy and the sodium sand thus obtained was cooled to RT. Ethyl lactate (5.0 g, 0.0427 mole)
in dry ether (50 ml) was added a room temperature. Contents of the flask were stirred for 18 hr at
room temperature. Ethyl 2-bromopropionate in ether (20 ml) was then added over a period of 2 hr
and dirring continued for another 3 hr. The reaction mixture was washed with water (3 x 20 ml)
followed by brine, dried over sodium sulphate and concentrated on rotary evaporator to provide 2,4-
dicarbethoxy- 3-oxapentane as a colorless ail (5.0 g, 58.74%).

IR (Nest): 1742 cmit (-CO,CoHs). 'H NMR (CDChy): d 1.28 (t, J= 6 Hz, 6H), 1.45 (d, J= 6 Hz, 6H),
4.02-4.28 (m, 6H). *C NMR (CDCl): d 13.79, 18.31, 60.61, 73.83, 172.80. M'S (m/2): 145 (M-
CO,C;Hs, 62), 117 (10), 102 (71), 89 (25), 73 (97) and 56 (100).

4-Car bethoxy-3-oxapentane-2-car boxylic acid (89):

To the solution of 2,4-dicarbethoxy-3-oxapentane (1.0 g, 4.9 mmoal) in ethanol (10 ml) was added
aqueous potassum hydroxide (0.139 g, 24 mmole) in water (20 ml) a once. Contents of the flask
were dirred a room temperature overnight, TLC showed a dower moving compound. The ethanol
was removed on rotary evgporator, resdua solid was dissolved in water and extracted with
chloroform to remove the traces of starting materiad. The agueous part was acidified with 10 N HCI,
extracted with chloroform, washed with brine, dried over sodium sulfate and concentrated to afford
the partidly hydrolysed product 89 (0.6 g, 63.50 %).
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IR (Neat): 1730 (CO,CyHs), 3442 crmit (-CO,H). 'H NMR (CDCh): d 1.30 (t, J= 6 Hz, 3H), 1.48
(d, J= 6 Hz, 3H), 1.52 (d, J= 6 Hz, 3H), 4.04-4.34 (m, 4H), 7.80 (bs, 1H, -COH). M'S (m/2): 145
(M-CO,, 38), 117 (M*- CO,Et, 52), 102 (31), 89 (59), 73 (100) and 55 (82).

2,3-Dimethylanisole (98):

OMe

A mixture of 2,3-dimethylphenol (50.0 g, 0.41 mole), potassum carbonate (62.0 g, 0.45 mole) and
dimethyl sulfate (64.54 g, 48.0 ml, 0.51 male) in dry acetone (700 ml) was heated at reflux for 15
hr. After the completion of reaction, the acetone was didtilled off and to the resdue water (400 ml)
was added. The agueous part was extracted with ethyl acetate, washed with water, dried over sodium
sulfate and concentrated under reduced pressure to give 2,3-dimethylanisole as a brownish ail (52.94
g, 95%), b.p. 199 °C[Lit* b.p.199 °C].

2-M ethoxy-6-methylbenzaldehyde (100):

OMe

To a dirred suspension of potassum peroxydisulfate (76.23 g, 0.28 mole) in water (400 ml) were
added copper (1) sulfate pentahydrate (70.63 g, 0.28 mole) and 2, 3 -dimethylanisole (19.2 g, 0.14
mole), pyridine (20.23 ml, 0.28 mole) in acetonitrile (400 ml). The mixture was heated at 70 °C for 6
hr, cooled and filtered. The filtrate was extracted with ethyl acetate and the extract was washed with
4 M hydrochloric acid (50 ml) and brine. The solution was dried over sodium sulfate and evaporated
to give brown ail containing manly adehyde 100 which was used as such for further reaction. A
part of the crude addehyde 100 was purified by column chromatography to furnish pure 100 as a pae
yelow solid, m.p. 40-41 °C [Lit*® m.p. 41.4- 42 °C] for spectrd analysis.

IR (Nest): 1686 cmi* (-CHO). 'H NMR (CDCh): d 2.58 (s, 3H), 3.90 (s, 3H), 6.80-6.85 (m, 2H),
7.39 (t, J= 4 Hz, 1H), 10.65 (s, 1H, -CHO). 3C NMR (CDCl): d 21.10, 55.43, 108.81, 122.99,
123.77, 134.21, 141.59, 162.88, 168.76 and 191.95.
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2- M ethoxy-6-methylbenzoic acid (101):

OMe
CO,H

The crude aldehyde 100 obtained above (13.70 g, 0.086 mole) was dissolved in benzene (130 ml)
and it was added to a solution of potassum permanganate (13.58 g, 0.086 mole) in water (150 ml).
Tetrabutylammonium iodide (0.91 g, 0.028 mole) was added and the mixture was dirred vigoroudy
a reflux. Further quantities of potassum permanganate were added after 30 min (13.58 g) and 90
min (6.79 g). After further 30 min the reaction mixture was filtered through cdite and filtrate was
acidified with conc. HCl. The agqueous part was extracted with ethyl acetate (3 x 50 ml). The extract
was washed with brine, dried over sodium sulfate and evaporated in vacuo to afford 2methoxy-6-
methyl benzoic acid (101) as a colorless solid (11.56 g, 80%), m.p. 137-139 °C [Lit>* m.p. 139 °C].

M ethyl 2-methoxy-6-methylbenzoate (95):

OMe
COoMe

To a mixture of aove acid 101 (11.09 g, 0.066 mole) and potassium carbonate (10.0 g, 0.072 mole)
in dry acetone (150 ml) was added dimethyl sulfate (9.0 g, 6.9 ml, 0.071 mole). The reaction mixture
was dirred under reflux for 12 hr. After completion of reaction, the acetone was didtilled off and
resdue was diluted with water (100 ml). The agueous part was extracted with ethyl acetate (2 x 50
ml), washed with water, brine, dried over sodium sulfate and concentrated to give 95 as a colorless
oil (11.32 g, 95%).

IR (Neat): 1731 cmit (-CO,CHs). 'H NMR (CDCl): d 2.37 (s, 3H), 3.90 (s, 3H), 4.00 (s, 3H), 6.84
(d, J= 6 Hz, 1H), 6.88 (d, J= 6 Hz, 1H), 7.33 (t, J= 6 Hz, 1H). *C NMR (CDCl): d 18.78 (-CHs),
51.67 (-CO,CHs), 55.50 (-OCHs), 108.21, 122.03, 12354, 129.97, 136.07, 158.18, 168.42 ¢
CO,CHs). MS (m/2): 180 (M*, 38), 149 (72), 148 (100), 119 (11), 105 (18), 91 (45), 77 (22) and 65
(17).

4-Hydr oxy-6-methyl-2H-pyran-2-one (103):

HO
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Dehydroacetic acid (102, 25.00 g, 0.149 mol) was added with girring to 90% sulphuric acid (75.00
g) and the mixture was heated dowly. When the temperature of the reaction mixture reached to 130
°C it was cooled rapidly and poured into the mixture of crushed ice and cold water (100 ml). A
colourless solid separated was filtered, washed with cold water and dried to obtain compound 103
(15.00 g, 80 %); m.p. 188-190 °C [Lit*® m.p. 188-189 °C].

4-M ethoxy-6-methyl-2-pyrone (104):

A mixture of triacetic lactone 103 (12.6 g, 0.10 mol), dimethyl sulfate (189 g, 0.15 mol) and
anhydrous potassum carbonate (20.7 g, 0.15 mmol) in dry acetone (200 ml) was heated at reflux for
11 hr. The reaction mixture was filtered, washed with acetone and the acetone was didtilled off to
leave an ail. It was then chromatographed on slica ge using 10% acetone in pet ether as an duent to
obtain 4-methoxy-6-methyl- 2-pyrone (104) (11 g, 78%); m.p. 88 °C [Lit*® m.p. 87-88 °C].

4-M ethoxy-6-methyl-5, 6-dihydro-2-pyrone (96):

0]

Jo
MeO

In a 250 ml R.B. flask the triacetic lactone methyl ether 104 (10.0 g, 0.071 mol) was hydrogenated in
ethanol (100 ml) using 10 % Pd on charcod (0.10 g) employing hydrogen baloon for 24 hr a room
temperaiure. The catalys was removed by filtration to give crude viscous oil. Chromatographic
purification of the crude product on slica gd usng 5% acetone in pet ether as an uent afforded 96
(8.6 g, 85%); m.p. 56 °C [Lit**® m.p. 56 °C].

3,4-Dihydr 0-10-hydr oxy-9-methoxy-3-methyl-1-oxo-1H-naphtho [2,3-c] pyran
OR 10-Hydr oxy-9-methoxy-3-methyl-2-naphthopyran-1-one (105):

OMe OH O
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To the dirred solution of LDA [prepared from 1.6 M solution d n-BuLi in hexane (13. 85 ml) and
diisopropyl amine (3.12 ml ) & 0 °C under argon atmosphere] in THF (25 ml ) a -78 °C was injected
a solution of methyl 2-methoxy-6-methyl benzoate (95, 2.0 g, 0.011 mole ) in THF (15 ml ) and
dirred for 15 min. To the resultant orange-red solution was added a solution of 4 methoxy-6-methyl-
5, 6dihydro-2-pyrone @6, 1.55 g, 0.011 mole) in THF (12 ml) and stirred further for 30 min at -78
°C. It was then warmed to room temperature by removing dry ice-acetone bath and stirred for 20
min. The reaction mixture was poured dowly into the ice-cold dilute hydrochloric acid (100 ml) and
extracted with dichloromethane. The organic extracts were washed with brine, dried over sodium
sulfate and concentrated. The residue was chromatographed (Slica gel) usng 20 % acetone in pet
ether as an duent to afford ngphthopyrone 105 as a cryddline ydlow solid (1.90 g, 68%); m.p.
135.6 °C.

IR (CHCl): 1654 cmi* (lactone carbonyl). *H NMR (CDCh): d 1.57 (d, J= 6 Hz, 3H), 3.02 (m, 2H),
4.05 (s, 3H), 4.66-4.86 (m, 1H), 6.88 (d, J= 8 Hz, 1H), 7.02 (s, 1H), 7.26 (d, J= 8 Hz, 1H), 7.53 (t, =
8 Hz, 1H), 13.21 (s, 1H). **C NMR (CDCk): d 20.44 (CHs), 34.58 (CH»-CH-CHs), 55.87 (
OCHs), 75.58, 101.82, 105.68, 114.87, 115.75, 119.61, 130.46, 133.18,139.57, 158.87, 163.72,
170.82. M'S (mV2): 258 (M*, 100), 225 (19), 196 (40), 175 (40), 152 (18) and 115 (56).

3,4-Dihydr 0-10-benzyloxy-9-methoxy-3-methyl-1-oxo-1H-naphtho [2,3-c] pyran (94):

OMe OBn O

A mixture of 105 (1.0 g, 3.8 mmol), potassum carbonate (0.641 g, 4.6 mmol) and benzyl bromide
(0.729 g, 0.506 ml, 4.2 mmol) was stirred under reflux for 20 hr. The acetone was removed by
ditillation, to the resdue was added water (50 ml), the product was extracted with ethyl acetate (3 x
20 ml), washed with water severd times, with brine (50 ml), dried over sodium sulfate and
concentrated on rotary evaporator to provide a crude product which was chromatographed on glica
gel usng 10% acetone in pet ether as an uent to afford 94 as a cryddline ydlow solid (1.213 g, 90
%), m.p. 106.9 °C.

IR: 1715 cmi* (lactone carbonyl). *H NM R (CDCl): d 1.50 (d, J= 6 Hz, 3H), 3.00 (d, = 6 Hz, 2H),
3.87 (s, 3H), 4.41-4.64 (m, 1H), 5.08 (d, J= 10 Hz, 1H), 5.31 (d, J= 10 Hz, 1H), 6.86 (d, = 7 Hz,

55



Chapter 1: Psychorubrin and Pentalongin

1H), 7.14-7.69 (m, 8H). 3C NMR (CDCl): d 20.33, 35.92, 33.61, 73.64, 77.00, 106.12, 115.64,
119.85, 120.35, 121.22, 127.24, 127.72, 128.24, 129.04, 135.41, 137.61, 138.74, 157.42, 159.49 and
161.97. M'S (m/z): 348 (M*,6), 257 (6), 243 (4), 175 (8), 127 (10) and 91 (100).

3,4-Dihydr 0-10-benzyloxy-9-methoxy-3-methyl-1H-naphtho [2,3-c] pyranl-ol (93):

OMe OBn OH

Benzyl ether 94 (1.32 g, 3.7 mmol) was dissolved in dry toluene (15 ml) under argon amosphere
and cooled to -78 °C in a dry ice-acetone bath. DIBAL-H, (252 M solution in toluene, (0.592 g,
1.65ml, 4.17 mmol) was injected through syringe within 10 min. Stirring was continued at the same
temperature for further 3 hr. The reaction mixture was then quenched a the same temperature by
adding 1.6 ml of MeOH and 1.6 ml water and warmed to room temperature. The gdatinous
precipitate was filtered through cdite and the cdite was washed thoroughly with ethyl acetate.
Concentration of the solution on rotary evaporator furnished crude lactol, which was purified by
column chromatography using 20 % acetone in pet ether as an duent to furnish pure lactol 93 (1.03
g, 78 %) mp. 150.5 °C.

IR (Nest): 3380 cmit (lactol). *H NMR (CDCh): d 1.39 (d, J= 7 Hz, 3H), 2.72-2.95 (m, 2H), 3.90 (s,
3H), 4.46-4.62 (m, 1H), 5.00 (d, J= 8 Hz, 1H), 5.22 (d, J= 8 Hz, 1H), 6.46-6.51 (m, 1H), 6.75-6.90
(m, 1H), 7.00-7.65 (m, 8H). M'S (m/2): 350 (M*, 4), 242 (28), 209 (4), 181 (6), 127 (4), 115 (8) and
91 (100).

1-Benzyloxy-2 (1'-hydroxyethyl)-3 (2'-hydr oxypr opyl)-8-methoxynaphthalene (92):

OMe OBn
OH
(L

To a dirred suspenson of activated magnesum metd (0.057 g, 24 mmoal) in dry ether (10 ml) was
added iodomethane (0.338 g, 0.0148 ml, 2.4 mmol) dropwise over 10 min a room temperature. To
the resultant solution of methyl magnesum iodide, benzyl lactol 93 (0.700 g, 2.0 mmoal) in dry THF
(10 ml) was added Sowly over a period of 30 min a 0-5 °C. Reaction mixture was alowed to warm
to room temperature over 2 hr, quenched with saturated NH,Cl solution and the resulting suspension
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was girred for another 30 min. It was then extracted with ethyl acetate, washed with brine and dried
over sodium sulfate. Evaporation of the solvent gave the crude diol, which was purified on dlica gd
using 30 % acetone in pet ether as an duent to afford pure diol 92 as an ail (0.477 g, 66.00 %).

IR (Neat): 3393 cmt (-OH). *H NMR (CDCh): d 1.25 and 1.32 (d, J= 6 Hz, total 3H), 1.55 and 1.60
(d, J= 6 Hz, total 3H), 2.82-3.32 (m, 3H), 3.85 (s, 3H), 3.99-4.16 (m, 1H), 4.85-5.20 (m, 2H), 5.45
and 5.61 (g, = 6 Hz total 1H), 6.75-6.88 (m, 1H), 7.29-7.67 (m, 8H). 3C NMR (CDCl): d 20.91,
21.82, 23.10, 24.00, 24.69, 25.09, 29.24, 36.01, 42.15, 42.42, 53.93, 55.94, 62.78, 65.59, 66.26,
68.36, 69.00, 69.80, 105.14, 105.96, 118.96, 120.67, 123.39, 125.65, 126.26, 126.80, 127.63, 128.43,
134.19, 135.50, 136.24, 137.00, 137.73, 152.96, 155.65, 155.77. M'S (m/z): 366 (M*, 8), 348 (2),
258 (24), 215 (22) and 91 (100).

10-Benzyloxy-9-methoxy-1,3-dimethyl-(1H,3H) naphtho [2,3-c] pyran (91) :

S5

Did 92 (0400 g, 1.0 mmal) was dissolved in dry benzene (10 ml), cadytic amount of p-
toluenesulphonic acid was added and the solution was girred under reflux employing Deant Stark
water separator under argon amosphere for 30 min. The reaction mixture was cooled and portioned
between water and benzene, benzene layer was washed with water, brine and dried over sodium
aulfate. Concentration under vacuo furnished syrup, which was chromatographed usng 10 %
acetone in pet ether to provide cyclised product 91 (0.240 g, 63.00 %) asail.

IH NMR (CDCl): d 1.28-1.46 (m, 3H), 1.55-1.69 (m, 3H), 2.50-3.00 (m, 2H), 3.77-3.95 (m, 1H),
4.06 (s, 3H), 4.15-4.43 (m, 2H), 5.20-5.65 (m, 1H), 6.64-6.85 (m, 2H) and 7.00-7.50 (m, 7H). MS
(M/z): 348 (M*, 6), 333 (22), 258 (23), 243 (100), 228 (30), 181 (20) and 115 (32).
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1.2.1 INTRODUCTION:

Screening of microbid extracts agangt human rhinovirus 3C-protease, usng a smdl peptide
containing glutamine and glycine Q-G stissle bond as a subdrate, was initiated to identify a lead
dructure for development of a chemothergpeutic agent for eventud control/cure of the common
cold. During the screening of fungd extracts Singh et al' isolated thysanone, an effective inhibitor
(1Cs0 13 ny ml) of HRV 3C- protease from Thysanophora penicilloides and reported the isolation,
dructure determination and HRV 3C-protease activity of thysanone, one of the firg inhibitors of this

type.

Thysanone (107) R=H
109 R = CH,

Human rhinovirus (HRV) is a picornavirus and is respongble for causng common cold in
humans’. Many members of the picomavirus family of viruses are human pathogens, eg.
Enteroviruses (polioviruses, coxsackieviruses, echoviruses and hepatitis A viruses), aphthoviruses
(foot and mouth disease virus), and cardioviruses (mengo virus and encephalomyocarditis virus). In
common with dl picornaviruses, the postive strand RNA genome of HRVs is trandated directly into
a large vird polyprotein (200 KD) precursor, which undergoes a series of controlled proteolytic
cleavages to generate functiond vird gene products’. The replication of many anima and plant
viruses is entirdy dependent on proteolytic processng. Since processng of the polyprotein is
dependent upon two viradly encoded proteases (“3C- protease” and “2A-proteass’) these enzymes
represent an dtractive target for development of antivird chemothergpeutic agents. Proteolytic
processng of the polyprotein is extremdy efficient and does not involve any celular components. In
fact, under norma circumgtances, the intact polyprotein does not accumulate in infected cells. The
polyprotein is mostly cleaved between glutamine and glycine (Q-G) and tyrosne and glycine (Y-G).
The former cleavage is caried out by enzyme 3C-protease and the latter cleavage by 2A- protease.
Both of these proteases are thought to be cysteine proteases’ but with significant differences to other

cysteine protease which is required for the virus meturetion.
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Some other natural products having smilar basc skdeton as in thysanone (107) are
semivioxanthin®,  semixanthomegnin®,  vioxanthin®, SC-287627, SC-28763/, SC-30532°  and
semiviriditoxic acid®. These naturd products inhibit the growth of gram-positive and gram-negdive
bacteria Dermolactone’® is another naturad product having tetracyclic structure similar to thysanone
skeleton. Thysanone (107) is a yelow crysdline benzoisochromanquinone which was isolated from
lid-state fermentations of the fungus Thysanophora penicilloides by Singh et al' during the
screening of microbid extracts for lead compounds aimed a the eventud control or cure of the
common cold. The dructure 107 for thysanone was proposed by Singh et al. from spectroscopic data
and the reldive sereochemistry between C-1 and C-3 sereogenic centers (but not their absolute
configuration) was determined from a dngle crysd X-ray andyss of the methyl acetd 109. The
acetd 109 was prepared from naturd thysanone by trestment with methanol in the presence of conc.
Sulphuric acid. The structure and absolute stereochemistry of thysanone, was established by the totd
synthesis of its antipode 108 by Gill and Donner™!. The synthesis of (IR, 39-thysanone 108 from
(9-propylene oxide™, established the stereochemistry of the natural product 107 as (1S, 3R) as
shown in the formula For the synthesis of (IR 39-thysanone 108, (S-meldn served as the
darting materid as shown in the scheme-1.

Thus, (9-mdlen (110) was frst brominated with two equivdents of N-bromosuccinimide in
dark and the resulting dibromophenol 111 was methylated by using dimethyl sulfate and potassum
carbonate in acetone a reflux to afford the methylated benzoisocoumarin 112 which was reduced to
the benzopyran 113. Demethylation and subsequent oxidetion of the resulting bromophenol 114 with
ceric ammonium nitrate afforded the unique chird bromopyranobenzoquinone 115. Dids-Alder
cycloaddition of the quinone 115 and 1-methoxy-1, 3-bis (trimethylsilyloxy)-1,3-butadiene in
toluene a reflux gave the nove naphthoquinone 116. Benzylic bromination of the naphthoquinone
116 by usng molecular bromine followed by in situ trestment of the intermediate bromide with
agueous THF gave (1R, 3S) thysanone 108 [a] p —29.7° (c, 0.002, MeOH) in 35% yield over 7 steps
from (S-mdlan (110). Comparison of the chiroptica data obtained for the synthetic materid with
the data published for the natura product, which shows ] p +29° (¢, 1.65 in MeOH), establishes
that the two substances are enantiomers. Thus the absolute configuration of natura thysanone (LO7)
must be (1S, 3R).
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Scheme-1
OH O OH O OMe O
Br B Br
CH, ) O CH, —i 5 ? CH, i), iv) o
K “H “H
110 Br 111 Br 112
OMe OH @]
Br Br . Br
cH, W— T CH, e B cH, -
“H “H
Br 113 Br 114 O 115

Viii)ix) |

Reagents and conditions:

i) NBS (2 equiv), DMF, r.t., dark, 16 h, 91%. li) Me,SO,4, K,CO;, acetone, reflux, 1 h, 98%. lii) DIBAL-H, toluene, -78
°C. iv) NaBH,4, TFA, THF, 30 °C, 1h, 90% v) (PhCH,Sg),, NaBH,,,DMF, reflux, 1h, 86% vi) CAN, MeCN, H,O, r.t., 0.5
h, 82%. Vii) 1-Methoxy-1,3-bis (trimethylsilyloxy)-1,3-butadiene, toluene, reflux, 3h, 73%. Viii) Br,, CCl4, hn, 0.5 h. ix)
THF, H,0, r.t., 1h, 85%.
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1.2.2 PRESENT WORK

It is evident from the above discusson that the only known synthess of thysanone involved
more than a dozen individud seps with 35% overdl yidd. There was no synthess of thysanone
reported when the present work was undertaken in early 1999. It was fet that smple and efficient
gynthesis of thysanone could be achieved utilizing the expertise developed in our group in the fidd
of various quinones and with this objective, synthess of thysanone was undertaken and the results

are described bel ow.

Thysanone (107)
The methodology™ developed by our group for the stereospecific synthesis of

semivioxanthin methyl ether usng the required opticdly active isomer of ethyl 3-hydroxybutyrate
could be extended for the stereospecific tota synthess of thysanone (107) and its antipode (108).
The condensation of anion of methyl orsdlinate, generated by LDA a -78 °C, with the opticdly
active (R or § eyl 3-hydroxybutyrate followed by acidic work up would afford stereospecificaly

the (R) or (S semivioxanthin methyl ether.

Scheme-2
OMe OH O
o) a) LDA, THF, -78 °C
HO, H H
- H+
+ Hsczo)J\/< b) MeO CH,
A 119a
OMe O
OMe
MeO OMe OH O
120 o
+ MH a) LDA, THF, -78 °C (6] CH
H5C2 b) H* ‘2 *
B MeO H
119b

(R-Ethyl 3-hydroxybutyrate (A) is an important chird building block used in the preparation
of 119a and many naturd products including meacrolides, b-lactam antibiotics and pheromones. Mori
et d® reported its preparation from polyhydroxybutyrate. Alternatively, it was aso prepared by
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microbia reduction of ethyl acetoacetate with Geotrichum candidum®. The condensation of R-(-)
ethyl 3-hydroxybutyrate (A) with methyl orsdlinate would leed to R (-) semivioxanthin methyl ether
119a, which would serve as a sarting materiad for the naturd thysanone (L07). Subsequently, ©)-(-)
ethyl-3-hydroxybutyrate® (B) could be used for the synthesis of (S)-(-) semivioxanthin methyl ether
(119b), which would lead to the formation of antipode 108. Hence as per the above plan employing
desred opticdly active dating materid dereoinduction is possble. Initidly, it was decided to
atempt tota synthesis of racemic thysanone using the methodology developed by us®™ as shown in
the scheme-2. Retrosynthetic studies suggested that the basic tricyclic carbon frame could be
prepared by lithiation of orsdlinaie derivetive followed by trestment with dihydropyrone. The
gynthesis of thysanone (107) was based on the condensation gpproach applied for the synthess of
hongconin (section-2, scheme-25).

Scheme-2
OMe OH OMe OBn OH
l= =>
MeO MeO
(+)Thysan0ne 117 118

@E@ A

As pe the retrosynthetlc plan (scheme-2) orselllnate derivative 120 and the known
dihydropyrone 96 could be the logicd darting points. The latter has been synthesized and utilized in
the totd synthess of hongconin (section-2, scheme-24). Thus one can envisage formation of two G
C bonds in a sngle sep between methyl orsdlinate derivative 120 and dihydropyrone 96 resulting in
semivioxanthin methyl ether 119. After having the required tricyclic carbon framework, there would
be two important functiond group manipulations namey (&) oxidation of phenol to quinone (b)
reduction of lactone to lactol for the synthesis of thysanone as shown in scheme-3.
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Scheme-3
OMe O OMe OH O
/@iL b\ Base /“iik Oxidation
OMe O OMe O

/@#})\ _Reduction _ /@5;/\5\ ——= 107

There are number of methods reported in the literature for synthess of methyl orsdlinate
derivative 120 or the corresponding ethyl ester 120a required for the coupling reaction.

Barlett et al.™® found that condensation of diethyl maonate 123 with 3-penten-2-one 124
under base catalyzed reaction condition afforded an intermediate dihydroresorcylic ester which was
then brominated with bromine to furnish dibromo compound followed by hydrogenolyss in the
presence of 10% palladium-carbon to give ethyl orsdlinate 120a.

Scheme-4
OH O
i i) NaOC,H
COOC,H, /\)& ) NaOC,Hs OC,H,
< + ii) Br,, CH,CO,H
COOC,H, iii) Pd/C, H, HO
123 124 120a

Kato and Hozumi* synthesized ethyl orsdlinate 120a by reaction of ethyl acetoacetate (125)
with the diketene 126.

Scheme-5
(o] O
)J\/U\ + 0 _NaH__ OCZHS
OC,H, THF
125 126 120a
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Howarth et al.'® found that trestment of diacetyl acetone 127 with 4 eguivdents of lithium
diisopropylamide in THF under nitrogen and carbonylation of the soluble, ydlow trilithium sat with
cabon dioxide gave tetraacetic acid as an ol in 47% yidd. This acid was ederified usng
diazomethane in ether, which on treetment with 1M methanolic sodium acetate gave methyl
orsdlinate in 50% yidd.

Scheme-6

OH O
o o o i) LDA, THF

iif) CH,N, ether HO
iv) NaOAc, MeOH
127 120b

Methyl orsdlinate was dso prepared by Sargent et al.'® using methyl acetoacetate 128 and
methyl crotonate 129.

Scheme-7
OH O
0O O 0 OMe
ove T /\/\LOMe CHOH o
128 129 130
OH O OMe O
—_—
MeO MeO
131 120

In the present work modified sequence of the method reported by Sargent et al. was used to
prepae methyl orsdlinate as shown in scheme-7. Thus the methyl dihydrorsdlinate 130 was
obtained by reaction of methyl acetoacetate 128 and methyl crotonate 129 in presence of sodium
methoxide in methanol. It was expected that dihydroorsdlinate 130 on treatment with excess of
iodine in refluxing methanol, would afford methyl 2,4-dimethoxy-6-methyl benzoate (120). But even
after continuing the reaction for more than 24 hr, reaction stopped a ortho-hydroxy ester 1317, The
gpectral and physica properties of 131 were in full agreement with those reported in the literature. It
was then converted into the required ester 1208 by methylation with dimethyl sulfate
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The condensation of orsdlinate derivaive 120 with dihydropyrone 96 proved to be
sraightforward. Lithiation'® of 120 at -78°C with LDA followed by trestment with dihydropyrone
led to semivioxanthin methyl ether 119. The spectrd properties of compound 119 were consistent
with the assigned structure. The IR spectrum revealed absorption band a 1665 cmt for lactone
carbonyl function. The *H-NMR spectrum showed a methyl doublet a d 1.53, benzylic —CH. doublet
at d 2.97 and amultiplet at d 4.61-4.82 (-COO-CH-CHs).

Scheme-8
OMe OH O KoCr,0, \/< OMe O O
Na,Cr,0; \/
o) A o)
O, Fea
M AN o)
eO CAN \/ Me
N\ 0
119 133

The two aromatic protons appeared as a pair of meta-coupled doublets at d 6.47 and 6.58 (J=
2.0 Hz) and third G5 aromatic proton appeared as a singlet a d 6.86. The cheated hydroxyl proton
was observed a d 13.18. The mass spectrum of 119 showed a molecular ion pesk a m/z. 288.
Having thus obtained the required skeleton of thysanone, the next reaction i.e. formation of quinone
was attempted with severd well-known reagents employed in the literature.  Among the known
methods employed were KoCr,0;%° and NaCr,O7 in agueous acetic acid, CrOz?! in acetic acid and
cerium ammonium nitrate® in acetonitrile, which did not give the desired quinone, insteed a mixture
of polar compounds was obtained which could not be purified and characterized (scheme-8).
Probably the lactone moiety could not survive the above reaction conditions.

Having falled to obtain the required quinone 133, we thought of change in reaction sequence,
as shown in the scheme-9. It was decided to protect the hydroxy functiondity in 119 as benzyl ether
134 and complete reduction of lactone to benzopyran 136 to form a dtable cyclic ether. The cydlic
ether 136 would give hydroxynaphthopyran 137 after debenzylation. Hydroxynaphthopyran 137
could then be converted to the desred quinone 138. Benzylic bromination of quinone 138, followed
by treatment of intermediate bromide with aqueous THF would give the target molecule thysanone.
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Scheme-9

OMe OH O OMe OBn O OMe OBn OH

o (0} (0]
MeO MeO MeO
119 13 135
OMe OBnN OMe OH
NaBH, TFA Debenzylation Oxidation
MeO MeO

OMe O OMe O
|)Br2
ii) aqueous THF

Accordingly, semivioxanthin  methyl ether 119 was treated with benzyl bromide and
anhydrous potassum carbonate in refluxing acetone, which gave dmogt quantitative yields of the
benzyl ether 134. The *H NMR spectrum indicated presence of two benzylic doublets a d 5.04 and
5.26 and absence of chelated hydroxyl proton. Its molecular ion pesk at m/z 378 further supported
the formation of benzyl ether.

Pettit*® has developed a novel one step procedure for converting lactone to its corresponding
ether derivatiive as shown in scheme-10. Attempted reduction of 134 under Pettit's conditions

Scheme-10

o
BF .OEt,
LAH
RO

140 R =H
141 R = OCOCH,

employing boron trifluoride etherate and LAH as the reducing agent falled to provide the desred
naphthopyran 136. The failure to reduce the lactone made us to employ a two-step reaction sequence
a) reduction of benzyl ether 134 to lactol 135 and b) reduction of lactol 135 to naphthopyran 136.

The DIBAL-H reduction of the above benzyl ether 134 at -78°C gave the required lactol 135, which
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showed the presence of absorption band at 3580 cm' and absence of pesks in the carbonyl
functiondlity region in IR spectrum.  The *H NMR spectrum of lactol 135 showed it to be a
diastereomeric mixture. Methyl doublet appeared & d 1.39 (J= 7.0 Hz) and a multiplet was observed
a d 2.69-2.95 for [-CH,-CH-CHs]. Two benzylic protons appeared as a set of two doublets a d 4.98
(= 80 Hz) and & d 520 (F 80 Hz) each integrating for a single proton. Two arométic protons
appeared as meta coupled doublets at d 6.48 (= 2.0 Hz) and 6.67 (3= 2.0 Hz) while remaining Sx
aromdic protons appeared as a multiplet between d 7.15-7.68 supporting the structure assigned to
lactol 135.

The above lactol 135 was then reduced to form stable naphthopyran 136, by girring with
sodium borohydride in anhydrous THF with cataytic amount of trifluoroacetic acid. The *H-NMR
gpectrum of naphthopyran 136 revedled, apart from benzylic pesks and methyl doublet, a snglet a d
491 integrating for two protons assgned to the newly formed pyran -CH, [-CH»-O-CH-CHjs] group.
Rest of the pesks were present at appropriate positions. The presence of molecular ion pesk a m/z
364 further confirmed the Structure. With the desired naphthopyran 136 in hand the next reection
i.e. C-10 debenzylation was attempted with the wel known reagents employed in the literature.
Among the known methods, hydrogenolysis®* using Pd-C, Pd (OH),, BF3.OEt,%° were unsuccessul
to give the required debenzylated product. Deprotection of benzyl ether with 1.0 M solution of
BCL? in dichloromethane a -15 °C furnished the required hydroxynaphthopyran 137; unfortunately
the yield of the product was very low. Surprisngly mild hydrogenolysis a room temperature using
Pd-C and 14 cyclohexadiene’” proved to be the best method for the preparation of
hydroxynaphthopyran 137.

Scheme-11

Pd-C, H, , EtOH

OMe OBn OMe OH
Pd(OH) , H,, EtOH

MeO BCl,, DCM, -15 °C MeO

136 [ | ) 137

Pd-C

The formation of hydroxynaphthopyran 137 was confirmed by spectrd andyss. The IR
spectrum showed the presence of phenolic hydroxyl functiondity a 3412 cm.* The H-NMR
spectrum was in full agreement with the structure of 137. The *H-NMR showed disappearance of
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benzylic anglet a& d 4.91 and aromatic region showed only three protons, two meta coupled doublets
a d6.37 (=20 Hz) and d 6.61 (= 2.0 Hz) and third C-5 aromatic proton appeared at d 6.94. as a
snglet. Remainder d the spectrum conssted of a methyl doublet a d 1.38, benzylic -CH» a d 2.78
and amultiplet a d 3.67 -3.85 [-CH»-CH-CHz] while the other benzylic protons appeared as a set of
two doublets a d 4.77 (= 16 Hz) and a d 5.13 (= 16 Hz). The molecular ion pesk a m/z 274
further confirmed its structure.

The next reaction was converson of hydroxyngphthopyran 137 to quinone 138. For this
operdion the choice of very sdective oxidizing agent was necessary. Potassum nitrosodisulfonate
or Fremy's radical®® sdectively oxidizes phenols to the corresponding quinones. It was decided to
employ Fremy's radicd for the converson of 137 to the desred quinone 138. Fremy's radicad was
prepared as per the literature procedure?®. To verify the utility of Fremy's radicd a modd study on
phenol was carried out which resulted in benzoquinone. When hydroxynaphthopyran 137 in ethyl
acetate®® was trested with agueous solution of Fremy's sdt, desired quinone 138 could not be
obtained. The same reaction was tried at different pH*® vaues (scheme-12) but failed to convert 137
to 138.

Scheme-12
OMe OH OMe O
o *ON (SO K), | o
pH=3,4,70r11
MeO MeO
O
137 138

The falure to obtan the quinone led to explore other literature methods to achieve the
desired reaction. Some of the literature methods are as follows. Sh et al®?. showed that oxidation of
naphthol 142 with an excess of cerium ammonium nitrare in THF-H2O (75:25) at room temperature
furnished the corresponding quinone which was reduced to the dihydroxynaphthaene derivative 143

as shown in scheme-13.
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Scheme-13
CO,CH, CO,CH;
i) CAN, THF- H,0
i) Na,S,0,
CO,CH, OMe OH CO,CH,

142 143

Cerium ammonium nitrate oxidations of polynuclear aromatic hydrocarbons can be effected
to quinones®! as shown in scheme-14.

Scheme-14

(0]
S— *OOO
144 145 O

Boeckman et al®’. have shown that the metd nitrates in trifluoroacetic anhydride oxidize
many aomdic compounds in high yieds a room temperature. This sysem oxidizes phenols to
quinonoid products (scheme-15).

Scheme-15
(0]

Co,B Co,B
NH,NO., (CF,C0),0
RT, 1h
147 o

OH O i) H, Pd-C,

EtOAC
O‘O‘

i) NaNO,, H,SO,
148 O NO, O

H,0, then Et,NOH

Pavlidis*® converted phenol to its para trifluorcacetyl derivative and trested it with hydrogen
peroxide in agueous base to afford the desred quinone in quantitative yield, probably via Bayer-
Villiger type oxidation with subsequent hydrolyss to the corresponding diphenol and findly to
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quinone. Accordingly hydroxynephthopyran 137 was treated with trifluoroacetic anhydride in
dichloromethane to get the para trifluoroacetyl derivative 149. The formation of trifluoroacetyl
derivative was confirmed by *H NMR spectrum aromatic region of which showed only two meta-
coupled doublets while the third C-5 aromatic proton was absent. The remaining protons resonated
a ther characteristic chemica shifts.

Scheme-16
OMe OH OMe OH OMe O
O TEAA DCM O Na,CO,, NaOH, 0
ELEAA Rt
H,0,
MeO MeO MeO
137 149 cocr, 138 O

The mass spectrum exhibited the molecular ion pesk a m/z 371 (M+1), which further
supported the formation of trifluoroacetyl derivative 149. The trifluoroacetyl derivative 149 was
further treated with H>O, and agueous sodium hydroxide and sodium carbonate, but the desired
quinone could not be obtained.

Bhatt et al. reported® that the oxidation of haophenols and haonaphthols by ceric
ammonium sulphate yielded the corresponding quinones. Accordingly the hydroxynaphthopyran 137
was trested with NBS in DMF®® at room temperature to effect sdlective nuclesr bromination a para
position, which afforded monobrominated product 150 (scheme-17). The formation of para bromo
product was confirmed by *H-NMR and Mass spectra andlysis. The *H-NMR showed a pair of meta
coupled doublets at d 6.47 (3= 2.0 Hz) and a d 7.19 (J= 2.0 Hz) and absence of C-5 aromatic proton
which confirmed that the bromination had occurred a para (C-5) postion with respect to -OH
group. Molecular ion peaks a m/z 352 and 354 and absence of pesks corresponding to dibromo
compound in the mass spectrum confirmed the sructure of monobromo compound 150. When the
bromonaphthol 150 was trested with ceric ammonium nitrate, the corresponding quinone 138 was
obtained as a ydlow solid. The spectra data of the quinone 138 was in full agreement with the
assgned structure. IR spectrum showed strong absorption bands at 1640 and 1660 cm* for the
quinonoid carbonyls. *H NMR spectrum exhibited a methyl doublet & d 1.37 (J = 6.0 Hz), a
multiplet between d 2.15-2.37 and two triplets at d 2.64 and d 2.73 (J = 2.0 HZz) for total two protons,

which were assgned to C4 methylene group. Ancther multiplet a d 3.55-3.77 was assigned to
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methine proton a C3 carbon. Methoxyl singlets appeared a d 3.95 and 3.96. Methylene protons at
C1 were observed at d 4.43 and 4.53 as two triplets (J = 2.0 Hz) and integrated for total one proton,
the other proton showed a set of two doublets at d 4.79 and 4.89 (J= 2.0 Hz). Aromatic meta coupled
doublets appeared at d 6.71 and 7.26 (J = 2. 0 Hz) integrating for one proton each. The mass
spectrum revealed a molecular ion peak at m/z 288 as a base peak supporting the structure.

Benzylic bromination of quinone 138 was caried out usng 1 equivdent bromine followed
by in situ treetment of the intermediate bromide 151 with agueous terahydrofuran to give methoxy
thysanone 122.

Scheme-17
OMe OH OMe OH OMe O
BS, DMF AN, CH,CN /©¢|/\\/OK
MeO MeO MeO
137 150 Br o 138
B OMe O Br | OMe Q  OH
Br,, CCl,, 0 THF, H,0 0
MeO MeO
O 151 0o 122

The methoxy thysanone 122 was fully characterized by spectroscopic analyss. IR spectrum
showed strong absorption bands a 1595 and 1656 cnit for the quinonoid carbonyls. The *H NMR

spectrum showed it to be a mixture of diastereomers. A set of two doublets appeared a d 1.39 and
147 (J = 6.0 H2) for C3 methyl group. C4 methylene protons appeared as a multiplet between d
2.14-2.34 integrating for one proton while another proton appeared as a set of two doublets at d 2.65
and 2.75 (J = 2.0 Hz). Methoxyl singlets appeared a d 3.96 and 3.97. Methine proton at C3 carbon
gppeared as a multiplet between d 4.20-4.40 while the characteristic methine proton a C1 carbon
bearing hydroxyl group appeared as singlets & d 6.03 and 6.07 because of diastereomers. Aromatic
meta coupled doublets were observed at d 6.73 and 6.75 (J = 2.0 Hz each, total 1H) and at d 7.25 and
7.30 (J = 2.0 Hz, total 1H). The mass spectrum of 122 did not show molecular ion pesk. Fird intense
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peak was found a 286 [M™ - 18 (H.O)] with 58 % intensity, which further supported the structure of
dimethoxy thysanone 122.

1.2.3 CONCLUSION:

In summary, the important features of the synthesis of methoxy thysanone 122 discussed in
the present work are as follows: 1. The synthess darts from easly accessble starting materids, it
represents smple and efficient racemic synthess of methoxy thysanone. 2. All the reactions are high
yidding. 3. This is the firg report of the total synthess of methoxy thysanone 122. 4. The method
described here is gpplicable in principle to the synthess of analogues of the natural products with the
potentid for modified biologica profiles. 5. The present method describes short (seven steps) and
efficent synthess of methoxy thysanone 122 6. The present methodology can be extended for the
dereospecific totd synthesis of thysanone 107 and its antipode 108 employing opticdly active R or
S) ethyl 3-hydroxybutyrate A or B.
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1.2.4 EXPERIMENTAL:

Methyl dihydroorsdlinate (130):

Ki{k‘m
o

To a wdl-dirred solution of sodium methoxide, prepared from sodium meta (20 g, 86
mmol) in dry methanol (25 ml), were added methyl acetoacetate (10.00 g, 86 mmol) followed by
methyl crotonate (8.60g, 86 mmol). The mixture was dirred a reflux temperature overnight.  The
methanol was digtilled off, the resdud syrup was cooled to 5°C and acidified carefully with 5%
H.SO4. The sodium sulfate separated was filtered and the filtrate was diluted with water and
extracted with chloroform (3 = 50 ml), washed with brine (30 ml) and dried over sodium sulfate.
Removd of the solvent under reduced pressure gave solid which was cryddlized from ethyl acetate
to give methyl dihydroorsdlinate as a white solid (12.55 g, 79.68%); m.p. 122 °C (Lit'® m.p. 122-
124°C).

M ethyl 2-hydroxy-4-methoxy-6-methylbenzoate (131):

OH O
OMe

MeO

Methyl dihydroorsdllinate (20.0 g, 109 mmol) was dissolved in dry methanol (250 ml), to
this iodine (41.31 g, 327 mmol) was added a once and heated a reflux with dirring for 24 hr. The
methanol was removed by didillation, and the resdue was dissolved in ethyl acetate. The ethyl
acetate layer was washed with agueous sodium thiosulfate solution (2 © 50 ml) followed by brine,
dried over sodium sulfate and concentrated to give a gummy solid which was purified by column
chromatography using 5% acetone in pet ether as an duent to furnish pure 131 as a white solid
(19.27 g, 90%); m.p. 67 °C (lit.*" m. p. 67 °C).

IH-NMR (CDCl): d 2.50 (s, 3H, -CHs), 3.75 (s, 3H, -CO,CHs), 3.90 (s, 3H, -OCHs), 6.23 (d, J =
2.0 Hz, 1H), 6.30 (d, J = 2.0 Hz, 1H), 11.78 (s, 1H, chelated -OH). 1*C-NMR (CDCk): d 24.39,
51.84, 55.34, 98.82, 105.33, 111.21, 143.22, 164.07, 165.72 and 172.34.
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M ethyl 2,4-dimethoxy-6-methylbenzoate (120):

OMe O
| OMe

MeO

A mixture of 131 (20.0 g, 102 mmoal), dimethyl sulfate (14.14 g, 10.92 ml, 112 mmol), and
anhydrous potassum carbonate (17.08 g, 123 mmol) in dry acetone (300 ml) was refluxed for 8 hr.
The acetone was didtilled off and cold water (150 ml) was added whereby solid separated. It was
filtered, washed with cold water, and dried to give ester 120 (21.0 g, 98%); m.p. 43°C (lit.® m.p.
43°C).

IH-NMR (CDCl): d 2.29 (s, 3H, -CHs), 3.81 (s, 6H, 2 OCHs), 3.89 (s, 3H, -CO>CHs), 6.32 (s, 2H).
3C-NMR (CDCl): d 19.86 (CHs), 51.92 (CO,CHs), 55.26 ¢OCHsg), 55.81 (OCHs), 96.14,
107.72, 116.43, 138.23, 158.26, 161.42, 168.66 (-C=0). M S (m/2): 210 (M", 46), 179 (100), 164 (5),
149 (7) and 121 (5).

3,4-Dihydro-7,9-dimethoxy-10-hydr oxy-3-methyl-1H-naphtho-[ 2,3-c]-pyran-1-one (119):

OMe OH O

Hesel

To the dirred solution of LDA [prepared from 1.6 M solution of RBULi in hexane (6.0 ml)
and diisopropylamine (1.35 ml) a 0°C under argon amosphere] in THF (15 ml) a -78°C was
injected a solution of methyl 2,4-dimethoxy-6-methyl benzoate (120, 1.0 g, 4.7 mmal) in THF (10
ml) and sirred for 15 min. To the resultant orange red solution, was added a solution of 4-methoxy-
6-methyl-5, 6-dihydro-2-pyrone @6, 0.676 g, 4.7 mmol) in THF (8 ml) and dirred further for 30 min
a -78°C. It was then warmed to room temperature by removing dry ice-acetone bath and stirred for
20 min. The reaction mixture was poured dowly into the ice-cold dilute hydrochloric acid (50 ml)
and extracted with dichloromethane. The organic extracts were washed with brine, dried over
sodium sulfate and concentrated.  The residue was chromatographed using 20% acetone in pet ether
as an duent to afford 119 as a crystaline yelow solid (0.945 g, 69%); m.p. 131°C (1it.>*¢ m.p. 130-
132 °C).
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I.R. (Nujol): 1665 cmt. *H-NMR (CDChy): d 1.53 (d, J= 6.0 Hz, 3H, -CHs), 2.97 (d, J= 6.0 Hz, 2H,
-CHy), 3.92 (s, 3H, -OCHs), 3.99 (s, 3H, -OCHz), 4.61-4.82 (m, 1H, -CH,-CH-CHs), 6.47 (d, J= 2
Hz, 1H), 6.58 (d, J= 2.0 Hz, 1H), 6.86 (s, 1H), 13.18 (s, 1H, chelated -OH). *C-NMR (CDC): d
20.50 (-CHs), 34.99 (-CHj), 55.20 (-OCHs), 55.97 (-OCHjz), 75.42, 98.21, 98.83, 101.16, 110.98,
115.04, 134.16, 141.40, 160.00, 161.88, 164.00 and 170.95 (-C=0). M 'S (m/2): 288 (M*, base peak),
244 (18), 226 (18), 181 (3), 145 (3) and 121(4).

10-Benzyloxy-3,4-dihydro-7,9-dimethoxy-3-methyl-1H-naphtho-[ 2,3-c]-pyr an-1-one (134):

OMe OBn O

A mixture of 119 (04 g, 1.3 mmol), potassum carbonate (0.22 g, 1.6 mmol) and benzyl
bromide (0.35 g, 1.5 mmol) in acetone (10 ml) was stirred under Eflux for 24 hr. The acetone was
digtilled off and to the residue water (20 ml) was added. The product was extracted with ethyl acetate
(2 x 20 ml), washed with water saverd times followed by brine (10 ml), dried over sodium sulfate
and concentrated on rotary evaporator to provide a crude product which was chromatographed on
glica g usng 10% acetone in pet ether as an duent to afford 134 as a white solid (0.472 g, 90%);
m.p. 134.4 °C.

|.R. (CHCh): 1713, 1625 cmt. *H-NMR (CDCk): d 1.47 (d, J= 7.0 Hz, 3H, -CHs), 2.96 (d, = 8.0
Hz, 2H, -CHy), 3.83 (s, 3H, -OCHs), 3.92 (s, 3H, -OCHs), 4.40-4.62 (m, 1H, -COOCHCHz), 5.04 (d,
J 10.0 Hz, 1H), 5.26 (d, J= 10.0 Hz, 1H), 6.50 (d, J= 2.0 Hz, 1H), 6.60 (d, = 2.0 Hz, 1H), 7.23-
7.46 (m, 4H), 7.66 (d, = 8.0 Hz, 2H). 3 C-NMR (CDCl): d 20.65, 36.35, 55.35, 55.94, 73.88,
77.39, 98.47, 99.28, 113.87, 116.22, 120.48, 127.62, 128.13, 128.68, 136.62, 137.87, 140.48, 159.19,
159.48, 160.00, 160.66, 162.68. M S (m/2): 378 (M*, 78), 360 (12), 345 (10), 287 (98), 269 (90), 242
(53), 185 (35), 141 (38), 115 (70) and 91 (100).

10-Benzyloxy -3,4-dihydro-7,9-dimethoxy-3-methyl-1H-naphtho [2,3-c]-pyran-1-ol (135):

OMe OBn OH

MeO
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Benzyl ether 134 (0.611g, 1.61 mmol) was disolved in dry toluene (8 ml) under argon
atmosphere and cooled to -78°C in a dry ice-acetone bath. DIBAL-H (2529 M solution in toluene,
0.286 g, 0.8 ml, 20 mmoal) was injected through syringe within 5 min and girring was continued at
the same temperature for further 3 hr. The reaction mixture was then quenched a the same
temperature by adding 0.8 ml methanol and 0.8 ml water and warmed to room temperature. The
gelainous precipitate was filtered through cdlite.  Concentration of the solution under reduced
pressure afforded crude lactol which was purified by column chromatography using 20% acetone in
pet ether as an duent to furnish pure lactol 135 (0.446 g, 74%); m.p. 114°C.

I.R. (Nujol): 3580 cmi™. 'H-NMR (CDCh): d 1.39 (d, J= 7.0 Hz, 3H, -CHs), 2.69-2.95 (m, 2H, -
CH,-CH-CH), 3.87 (s, 3H, -OCHs), 3.91 (s, 3H, -OCHs), 4.45-4.65 (M, 1H, -CH,-CH-CHs), 4.98
(d, J= 8.0 Hz, 1H), 5.20 (d, J= 8.0 Hz, 1H), 6.48 (d, J= 2.0 Hz, 1H), 6.67 (d, J= 2.0 Hz, 1H), 7.15-
7.68 (M, 6H, aromatic). M'S (m/2): 380 (M*, 5), 363 (20), 289 (2), 272 (16), 243 (4), 211 (6), 91
(100).

10-Benzyloxy-3,4-dihydro-7,9-dimethoxy-3-methyl-1H-naphtho [2,3-c] pyran OR
10-Benzyloxy-7, 9-dimethoxy-3-methyl-3, 4-dihydro-1H benzo[g] isochr omene (136):

OMe OBn

XX

To a mixture of the above lactol 135 (0.150 g, 0.39 mmol) and sodium borohydride (0.014 g,
0.39 mmoal) in dry THF under argon atmosphere was added trifluoroacetic acid (0.045 g, 0.030 ml,
0.39 mmol) at CC. The mixture was dirred at the same temperature for 30 min and &t r.t for 30 min.
THF was removed by didtillation under reduced pressure, to the residue water (20 ml) was added and
product was extracted with EtOAc (3 x 20 ml), washed with brine and concentrated to give crude
cydic ether which was purified by column chromatography using 5% acetone in pet ether to afford
136 (0.125, 88%) as a semisolid.

IH-NMR (CDCl): d 1.41 (d, J= 6.0 Hz, 3H, -CHs), 2.85 (d, J= 6.0 Hz, 2H, -CH,-CH-CH), 3.73-
3.87 (M, 1H, -CHo-CH-CHg ), 3.91 (s, 3H, -OCHs), 3.92 (s, 3H, -OCHs), 4.83 (d, J= 16.0 Hz, 1H),
491 (s, 2H), 5.28 (d, J= 16.0 Hz, 1H), 6.52 (d, J= 2.0 Hz, 1H), 6.70 (d, J= 2.0 Hz, 1H), 7.25-7.57 (m,
6H). 1°C-NMR (CDCh): d 21.48 (-CHs), 35.89 (-CHj), 55.12 ((OCHs), 55.73 ((OCHs), 65.19 (-
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CHj), 70.56 (-CH-CHs), 76.02 (-CH,), 98.33, 98.49, 114.63, 122.23, 123.60, 127.75, 128.33, 134.19,
136.70, 137.98, 150.43, 155.90, 157.69. M S (m/2): 364 (M*, 28), 273 (40), 258 (10), 229 (22), 187
(11), 141 (8), 115 (18) and 91 (100).

3,4-Dihydro-7,9-dimethoxy-10-hydr oxy-3-methyl-1H-naphtho [2,3-c]pyran OR
7,9-Dimethoxy-3-methyl-3,4-dihydro-1H-benzo[g] isochr omene-10-ol (137):
Debenzylation by BCls:

OMe OH

To a solution of ngphthopyran 136 (0.050 g, 0.137 mmoal) in dry dichloromethane was added
BClk (0.040 g, 0.343 mmol) (1.0 M solution in DCM) a -15°C under argon atmosphere. It was
further dirred a -15°C for 1 hr and quenched with methanol (1.0 ml). DCM was didtilled off and
water (10 ml) was added to it, extracted with chloroform, washed with brine, dried over sodium
sulfate and concentrated on rotary evaporator to give crude product which was purified by column

chromatography using 10% acetone in pet ether as an duent to afford pure hydroxynaphthopyran
137 as awhite solid (0.010 g, 27.02%); m.p. 133.5 °C.

Debenzylation by hydrogenation in presence of cyclohexadiene and palladium on carbon:

To a solution of ngphthopyran 136 (0.106 g, 0.291 mmoal) in dry ethanol (5.0 ml) and dry
dioxane (5.0 ml) was added 1, 4-cyclohexadiene (0.5 ml) and 10% pdladium on charcod (20 mg)
and the reaction mixture was girred for 15 min. The reaction mixture was filtered through cdlite and
the residue was washed with EtOAc. The filtrate adong with washings was concentrated to obtain a
solid which was purified by column chromatography using 10% acetone in pet-ether as an duent to
afford pure hydroxynaphthopyran 137 as awhite solid (0.063 g, 80%); m.p. 133.5 °C.

|.R. (CHCly): 3412 cmil. 'H-NMR (CDCl): d 1.38 (d, J= 6.0 Hz, 3H, -CHa), 2.78 (d, J= 6.0 Hz,
2H, -CHa-CH-CHs), 3.67-3.85 (m, 1H), 3.87 (s, 3H, -OCHj), 3.98 (s, 3H, -OCHs3), 4.7 (d, J= 16.0
Hz, 1H), 5.13 (d, J216.0 Hz, 1H), 6.37 (d, J= 2.0 Hz, 1H), 6.61 (d, J= 2.0 Hz, 1H), 6.94 (s, 1H), 9.20
(s, 1H, -OH). 3.C-NMR (CDCl): d 21.58 (-CHs), 36.13, 55.24, 56.03, 64.76, 70.41, 97.08, 98.79,
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109.05, 115.06, 116.46, 134.99, 135.66, 149.24, 157.14. M'S (m/2): 274 (M*, 98), 257 (10), 243 (5),
230 (100), 215 (18), 187 (18), 144 (8) and 115 (18).

3,4-Dihydro-7,9-dimethoxy-10-hydr oxy-3-methyl-5-trifluor oacetyl-1H-naphtho  [2,3-c]  pyran
OR 2,2,2-Trifluoro-1-(10-hydr oxy-7,9-dimethoxy-3-methyl-3,4-dihydro-1H benzo[g]-
isochr omen-5-yl)-ethanone (149):

OMe OH

COCF,

MeO

To a solution of hydroxynaphthopyran 137 (0.33 g, 0.12 mmol) in dichloromethane (10 ml)
was added trifluoroacetic anhydride (0.025 g, 0.016 ml, 0.12 mmol) a 25°C with girring and the
reaction mixture was girred for further 5 min. It was then diluted with water (10 ml) and the organic
phase was separated, washed with brine (15 ml) and dried. Evaporation of the solvent afforded the
crude product, which was purified by column chromatography on dlica gd with dichloromethane as
an duent. The appropriate fractions upon evaporation afforded the pure 149 as a ydlow solid,
(0.033g, 75%); m.p. 166.6 °C.

|.R. (CHCl): 3404,1631 cm.™ *H-NMR (CDCk): d 1.36 (d, J= 6.0 Hz, 3H, -CHjs), 2.73-2.82 (m,
2H, -CH,-CH-CHs), 3.70-3.90 (m, 1H, -CH,-CH-CH3), 3.95 (s, 3H, -OCHjz), 4.10 (s, 3H, -OCHj),
4.72 (d, = 16.0 Hz, 1H), 5.09 (d, J=16.0 Hz, 1H), 6.43 (s, 1H), 7.04 (s, 1H), 9.14 (s, 1H). *C-NMR
(CDCl): d 21.50, 36.31, 56.44, 56.45, 64.50, 70.35, 91.00, 108.94, 109.68, 112.84, 116.66, 118.76,
132.28, 138.05, 149.74, 158.71 and 161.43. M S (m/z): 371 (M+1, 100), 353 (5), 326 (60), 302 (70),
257 (85), 241 (20), 213 (10), 170 (12) and 128 (22).

5-Bromo-3, 4-dihydro-7, 9-dimethoxy-10-hydr oxy-3-methyl-1H-naphtho [2,3-c] pyran
OR 5-Bromo-7, 9-dimethoxy-3-methyl-3,4-dihydr o-1H-benzo[ g]isochr omen-10-ol (150):

OMe OH

Br

MeO

A solution of NBS (54 mg, 0.30 mmol) in dry DMF (25 ml) was added to a solution of 137
(84 mg, 0.30 mmal) in dry DMF (25 ml) and stirred at room temperature for 16 hr. The mixture
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was poured into water (10 ml) and extracted with dichloromethane (2 x 20 ml). The extract was
washed well with water, dried (N&SO,) and evaporated under reduced pressure to yield crude
monobromide, which was purified by chromatography using 5% acetone in pet ether to give pure
bromocompound 150 (87 mg, 82%) as awhite solid; m.p. 138.5 °C.

IH-NMR (CDCly): d 1.43 (d, J= 6.0 Hz, 3H, -CHs), 2.50-2.75 (m, 1H), 2.88-3.10 (m, 1H), 3.60-3.90
(m, 1H), 3.94 (s, 3H, -OCHs), 4.03 (s, 3H, -OCHs), 4.69 (d, J=10.0 Hz, 1H), 5.10 (d, J=10.0 Hz,
1H), 6.47 (d, J= 2.0 Hz, 1H), 7.19 (d, J=2.0 Hz, 1H), 9.38 (s, 1H, -OH). '*C-NMR (CDCl): d 21.61,
29.69, 38.21, 55.39, 56.40, 64.70, 70.68, 97.91, 99.22, 109.99, 112.34, 116.74, 133.83, 135.05,
149.06, 157.30, 158.24. M'S (m/z): 354 (M*, 100), 352 (M*, 98), 310 (74), 308 (78), 293 (29), 273
(32), 229 (54), 214 (38), 201 (18), 155 (30) and 115 (28).

3,4-Dihydro-7,9-dimethoxy-3-methyl-1H naphtho [2,3-c] pyran-5,10-dione OR
7,9-Dimethoxy-3-methyl-3,4-dihydro-1H-benzo [g] isochr omene-5,10-dione (138):

OMe O

MeO
o

To a solution of 150 (0.046 g, 0.130 mmol) in acetonitrile (5.0 ml) was added ceric
ammonium nitrate (0.106 g, 0.194 mmol) in water (2.0 ml) a& 0 °C and tirred for 15 min at the same
temperature. The girring was further continued for 30 min a room temperature. It was then diluted
with water (10 ml) and extracted with chloroform (2 = 20 ml), washed with brine, dried over sodium
sulfate and concentrated under reduced pressure to afford crude 138 as a ydlow solid which was
purified by column chromatography using 15% acetone in pet ether as an €uent to give pure 138
(0.030 g, 81.08%) as yellow solid; m.p. 211.9 °C.

|.R. (CHCl): 1640, 1660 cm.* *"H-NMR (CDCh): d 1.37 (d, J = 6.0 Hz, 3H), 2.15-2.37 (m, 1H),
2.64 and 2.73 (t, J = 2.0 Hz, total 1H), 3.55-3.77 (m, 1H), 3.95 (s, 3H), 3.96 (s, 3H), 4.43 and 4.53 (t,
J= 2.0 Hz, total 1H), 4.79 and 4.89 (d, J= 2.0 Hz, total 1H), 6.71 (d, J= 2.0 Hz, 1H), 7.26 (d, J= 2.0
Hz, 1H). *C-NMR (CDCh): d 21.18, 29.21, 55.94, 56.40, 63.75, 69.58, 103.61, 104.13, 114.29,
139.02, 144.45, 162.03, 164.74, 181.80 (quinone C=0), 183.88 (quinone C=0). M S (m/z): 288 (M,
100), 273 (48), 259 (42), 245 (37), 227 (29), 187 (18) and 115 (35).
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3, 4-Dihydro-7, 9-dimethoxy-3-methyl-1H-naphtho [2, 3-c] pyran-1-ol -5, 10-dione (122):

OMe O OH
| o
MeO
(e}

To a solution of quinone 138 (0.022 g, 0.076 mmol) in dry CCl (20.0 ml) was added
bromine in CCl, (0.012 g, 0.076 mmol) at room temperature. It was then exposed to 500 W bulb for
30 minutes with efficient tirring. The reaction mixture was then cooled, THF (10.0 ml) plus water
(1.0 ml) were added successvely, and girring was continued for further 1 hr. The mixture of CCly
and THF was removed by didillation under reduced pressure, agueous resdue was diluted with
water (20.0 ml) and was extracted with ethyl acetate (2 ~ 20.0 ml). The ethyl acetate layer was
washed with brine, dried over sodium sulfate and concentrated to give a crude yellow solid, which
was purified by column chromatography using 30% acetone in pet ether to give pure 122 (0.019 g,
82.60%) as aydlow solid; m.p. 155.5 °C.

|.R. (CHCh): 1595, 1656 cm.™> *H-NMR (CDCh): d 1.39 and 1.47 (d, J = 6.0 Hz, total 3H), 2.14-
2.34 (m, 1H), 2.65 and 2.75 (d, J = 2.0 Hz, total 1H), 3.95 (s, 3H), 3.97 (s, 3H), 4.20-4.40 (m, 1H),
6.03 and 6.07 (s, total 1H), 6.73 and 6.75 (d, J = 2.0 Hz, total 1H), 7.25 and 7.30 (d, J = 2.0 Hz, total
1H). 3C-NMR (CDCl): d 21.18, 29.21, 55.94, 56.40, 63.75, 69.58, 103.61, 104.13, 114.29, 139.02,
144.45, 162.03, 164.74, 181.80 (quinone C=0), 183.88 (quinone C=0). M S (m/z): 286 (58, M-18),
272 (29), 243 (6), 200 (22), 171 (23), 141 (21), 105 (25), 69 (65) and 55 (100).
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DERIVATIVES
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2.0.1 INTRODUCTION

Cancer as a disease in the human population is becoming a larger hedth problem and the
medicines used for treetment have dear limitaions. In the past 20 years, there has been a
tremendous increase in our knowledge of the molecular mechanisms and pathophysiology of human
cancer. Many of these mechanisms have been exploited as new targets for drug development in the
hope that they will have grester antitumor activity with less toxicity to the patient than is seen with
currently used medicines. The fruition of these efforts in the dinic is just now being redized with a
few encouraging results'.

In some areas of the world, cancer has become or shortly will become the leading disease
related cause of desth of the human population. For example, in the United States and India, cancer
is the second leading cause of desth behind cardiovascular disease, and it is projected that cancer
will become the leading cause of degsth within a few years. There are two main reasons for this
change. Fird, cancer is a disease of multiple accumulating mutetions that are becoming manifest in
human populaions, which have enjoyed an incressingly prolonged life spa’. Second,
cardiovascular-related deaths are decreasng as a result of an increased understanding of the
mechanisms underlying the disease, the identification of risk factors which indicae life-style
changes that can reduce the onset of disease and the development of targeted molecular therapies. In
contrast, the medical trestment of cancer ill has many unmet needs. The main curative thergpies for
cancer, surgery and radiation, are generdly successful only if the cancer is found a an early,
locdized stage. Once the disease has progressed to localy advanced cancer or metadtatic cancer,
these thergpies are less successful. Exising chemothergpeutic trestments are largdy pdlative in
these advanced tumors, paticularly in the case of common epithdid tumors such as lung, colorectd,
bresst, prostate and pancreatic cancers’. Cancer chemothergpy involves the use of chemicds
ordinarily foreign to the body, which when adminisered to the host bearing tumor, will adversdy
affect the tumor without destroying the host. This trestment is mostly resorted to after dl other
methods of therapy have failed. The main disadvantage of cancer chemotherapy is the toxicity of the
drug used. So far nearly 3, 00, 000 different compounds have been documented, either obtained from
natura sources or synthess, as potential anticancer agents. Out of these only about 40 are today
considered useful in varying degrees, in the trestment of more than 100 types of human cancer®®. A
large number of anticancer drugs, now being used in medica practice, have been approved by NCI,
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USA. The usefulness of certain anthracycline antibiotics as antineoplagic agents is now widdy
accepted. The anthracyclines are a group of structurdly related antitumor antibiotics®™. The two
prototype anthracyclines are adriamycin and daunomycin produced from Streptomyces species’.
Their potent activity was discovered in 1963, when adriamycin and daunomycin® were found to be
effective as antileukemic agents’. The tumor cdl growth inhibitory property of the anthracydines
has generdly been attributed to the interaction of these drugs with DNA. Adriamycin has dso shown
promising results in solid tumors aso.

The thergpeutic use of drugs, which affect the structures and functions of DNA, has led to the
virtud eradication of much infectious disease and represents one of the greet triumphs of medicind
sience. A great ded of interest is a present being focussed on ducidating the action of
chemotherapeutic drugs.

Topoisomerase -targetting Anticancer Drugs

DNA topoisomerases ae nuclear enzymes essentid for controlling DNA topology in
mammdian cdls such a replication, transcription  and  recombination  processes’.  DNA
topoisomerases | and Il are enzymes that alter DNA conformation through a concerted bresking and
rgoining of DNA strands’. Replication of a cdl's genetic materid requires separation of DNA
double hdix. After separation these two drands separatedly form new DNA double helix. The
separation of double hdix generdly requires specid ad from specid topoisomerase enzyme. An
anticancer drug has the ahility to inhibit these enzymes and causesthe cdll to die.

Biology

A number of dinicdly important anticancer drugs have recently been shown to kill tumor
cdls by affecting topoisomerases. The topoisomerase poisons appear to be a good tool for studying
cdl-killing mechanisms as they produce highly specific and reversble lesons Topoisomerase
targetting drugs appear to interfere with breskage-reunion reaction of DNA topoisomerase. In the
presence of these drugs, an aborted reaction intermediate, termed 'Cleavable complex’ accumaulates.
Exposure of the 'cleavable complex' to a strong protein denaturant such as SDS or dkai results in
DNA breakage and the covalent linking of a topoisomerase polypeptide to a terminus of each broken
DNA strand™®.
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The identification of the 'Cleavable complexes as the cytotoxic lesons of topoisomerase-
targetting drugs readily explans many of the cdlular effects of these anticancer drugs. The
revershility of this novel DNA damage suggests that its interaction with certan DNA metabaolic
mechingry may trigger cdl death. These antitumor drugs termed "topoisomerase Il poisons' have
the common property of dabilizing the DNA-topoisomerase 11 complex, which upon exposure to
denaturing agents results in the induction of DNA cleavage. Severd lines of evidence indicate that
the ability to induce topoisomerase Il dependent DNA cleavage (TDC) is responsble for the
antitumor activity of these drugs.

The topoisomerase dependent antitumor drugs are mainly of two types, topoisomerase |
poisons such as camptothecin'! and topoisomerase |1 poisons which have been identified as the site
of action for some of the most widdy used clinicd cancer chemothergpeutic drugs, including
doxorubicin (adriamycin)'?, actinomycin D3, epipodophyllotoxins, VP-16 (etoposide)** and VM-26
(teniposide)'?. The topoisomerase 11 poisons can be broadly categorized into the intercaators, which
indude the acridines'®, dlipticines'®®, actinomycins'®, anthracenediones™ and anthracydlines™?, and
the nonintercaating epipodophyllotoxins'®'* (Table:l). Chemicad structures for representatives of
each class of topoisomerase targetting antitumor drugs are shown in Fig 1.

Table'l

Target Drug class Examples

Topoisomerase| | Camptothecins 9- Aminocamptothecin

Topoisomerase Il | Acridines Amsacrine (M-AMSA)
Actinomyadns Actinomycin D
Antracenediones Mitoxantrone, Bisantrene
Anthracyclines Adriamycin  (Doxorubicin), AD 41,

Daunomycin (Daunorubicin)

Benzisoquinolinediones Amonafide, Mitonafide
Epipodophyllotoxins VM 26 (teniposide), VP 16 (etoposide)
|soflavonoids Genigen
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MODE OF ACTION

The mode of action of many chemothergpeutic agents, including certain antineoplastic drugs,
has been clamed to be due to their ability to intercalate between the base pairs of the DNA double
helix. The identification of both topoisomerase | and Il in dl eukaryotic cdls as the specific targets
of cancer chemotherapeutic drugs provides a rationd bads for the development of improved multi-
agent regimens and for the development of topoisomerase | poisons for possible clinica use.
Knowledge of the molecular mechanisms of cel killing may lead to the identificstion of new
therapies for treating cancer. These enzymes function by forming enzyme-bridged <trand-breaks
those act as transent gates for the passage of other DNA strands. Topoisomerase | bresks one strand
of duplex DNA and dlows the unbroken, complementary strand to pass through the enzyme-linked
srand bresk, thereby effecting DNA relaxation. Topoisomerase Il, which bregks both srands of
duplex DNA, acts as a gate for the passage of a second duplex molecule prior to resedling. By this
strand- passing mechanism it can relax supercoiled DNA and catenate/decatenate DNA circles®.

New Antitumor Agent Saintopin: A Dual Inhibitor of Topoisomerase I and 11.

0 0 R1
h 900® i N 990¢ .
OH O OH O OH O OH OH

o)
UCE 1022 O=S—OH HO OH BM 2419-1,R, = OH
o) BM 2419-2, R, = CH,
OH O OH OH
0

OMe O OH OMe

Saintopin 152

CH XR 651

In 1990, Yamashita et al'’. isolaed a new antitumor antibiotic saintopin, which induces both
topoisomerase | and |l mediated DNA cleavage from the culture broth of Paecilomyces sp. Saintopin
is the fird example of a new topoisomerase Il targeting drug which has been found from microbid
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cultures usng mammadian topoisomerase |l in mechanidticaly oriented screening. BM2419-1 and 2
were aso isolated from the culture broth of a fungus Paecilomyces sp. BM 24198 It was found that
BM2419-1 and 2 ae new active compounds in human topoisomerase inhibition assay using
recombinant yeests. These novel compounds were atifacts derived from saintopin. UCE 1022'°,
UCE 6®° and XR651*' are potent inducer of topoisomerase | mediated DNA cleavage having
gructurd smilarity with saintopin.

The cleavage activities of santopin were dose-dependent and nearly potent as those of
canptothecin  and M-AMSA or VP-16 respectively. Saintopin represents a new class of
topoisomerase poison that induces potent DNA cleavage with both topoisomerase I, and Il a
multiple sites. It shows cytotoxicity in vitro as well as antitumor activity in vivo. Both topoisomerase
| and topoisomerase || mediated DNA cleavage can be induced by saintopin, o it is interesting to
see which topoisomerase is the principa target of santopin in tumor cells comparing the results of
topoisomerase | and Il mediated DNA cleavage assays in vitro. To daify the principd target of
sntopin a the cdlular leve, the cytotoxic effects on mammdian cdls which are resgant to
saintopin were sudied®®. A drug like saintopin which acts on topoisomerase | as well as
topoisomerase |1l is likdy to exhibit cytotoxic effect on a variety of tumor cels dtered in ether
topoisomerase | or topoisomerase Il activities. The TDC activity of saintopin was studied in vitro
usng purified caf thymus topoisomerase 1l and plasmid DNA. Comparison of the TDC activity of
santopin with other wdl-known topoisomerase Il poisons, mMAMSA and VP-16, was studied. In the
absence of topoisomerase-1l saintopin did not induce any changes on the supercoiled dructure of
PBR 322 DNA, indicaing that saintopin is a new compound with TDC activity. Saintopin exhibits a
week antimicrobid activity aganst Gram-podtive bacteria but not against both gram-negdive
bacteria and fungi. Saintopin shows cytotoxic activity againg human tumor cdl ling, HeLaSs (ICs
0.35 nyml) in vitro, and furthermore shows antitumor activity against murine leukemia P388 (ip) in
vivo, exhibiting agaticaly sgnificant increase in life span (ILS 30 %) at adose of 25 mg/kg (ip).
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2.0.2 Earlier Approaches Towards Saintopin and Related Compounds

In our group?®, n an earlier approach towards saintopin, isocoumarin 157 was condensed®
with an anion of ethyl acetate ( CH,COOEt ) to furnish naphthalene ester 158, which was cyclised to
provide the saintopin carbon frame 159. The crucid isocoumarin intrermediate 157 was prepared
from homophthdlic anhydride 154 upon condensatior’® with phenylacetyl chloride 155 as shown in
sheme-1. The dating materid homophthdic acid 153, for the preparation of homophthdic
anhydride 154, was prepared by method of Hauser and Rhee®.

Scheme-1
MeO MeO o} OMe
COH CH,COCI cloc CHN(CHY),
Acetone, R.T. o 95°C
CO,H
153 OMe 154 OMe O 155  oMme
MeO OMe MeO OMe
HOC
156 OMe 157 OMe
MeO OMe MeO OMe
O OO H2504 R.T O OO Oxidation
EtO,C
158 OMe OH OMe 159 OH O OH OMe

(@)
MeO OMe
O™ e s

160 OH O OH OMe

The above method represents a short and regiospecific synthesis towards saintopin. However,
oxidation of tetrdone 159 to the desired quinone 160 was not attempted due to lack of enough
materid in hand. There are a few methods reported in the literature for the congruction of saintopin
like structure frame.

Tamura et al.?’ developed a smple route for the preparaion of linealy condensed phenolic
compounds 161, 162 and 163 by Dids -Alder reaction of homophthdic anhydride A with
dienophiles 164, 165 and 166 respectively.
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Scheme-2
o * OH O
sses 2 ool
o
A 162
b 166

OH O OH

Cameron et al.?® reported the synthesis of tetracenomycin D (167) and tetracenomycin A
(168) for the firgt time, by an efficient regiosd ective sequence based on cycloaddition methodology.

OH O CH

3 3
OO‘O L OO‘O
167 Tetracenomycm D 168 Tetracenomycm A,
Me (0] OH Me O OH

R Cl R1

Me,SiO R,O
(0] OH (0] OH

170 R=H
169 172 R'=R2=H

171 =
R = CO,Me 173 RizH R?=Me

174 R1=CO,Me,R2=H
175 R =CO,Me, R? = Me
Thus addition of chlorongphthazarin 169 to diene 170 in CH,Cl, a room temperature
followed by aromatization with acetic acid and sodium acetate gave the 5, 10-anthraguinone 172.
Sdective methylation of 172 with methyl iodide/slver (1) oxide was achieved to give 173. In a
gmilar manner the arthraguinonoid esters 174 and 175 were prepared. The addition of the dienyl
ester 171 to 169, in boiling benzene gave 174 and sdective methylation of 174 afforded 175. The
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four new 510 anthraquinones 172-175 as such, were unsuitable for further cycloaddition necessary
for generation of the fourth ring. However, reductive remova of the gppropriate carbonyl oxygen
from the centrd ring and reoxidation of the corresponding 1,4 anthraquinone alowed the correct
oxygenation pattern for the further cycoaddition reaction. Accordingly treetment of both 172 and
173 with NaBH,4 at 0 °C followed by oxidation was found to proceed with complete regiosdectivity
to give respective 1,4 anthraquinones 176 and 177. Consequent reduction and oxidation of 174 and
175 gave 178 and 179 respectively.

MeO,C O‘
RO I I
176 R=H 178 R=H
177 R = Me 179 R = Me

Cycloaddition of 176 and the diene 180, followed by oxideative aromatization (MeOH / HCl in air)
and deprotection (MeOH/NaOH), yidded tetracenomycin D (167) in 82% yidd. Smilarly, trestment
of 177 with diene 181 afforded tetracenomycin A2 (168) in 81 % yidd.

CH, OH O oH Q

3 3
|v|e SIOT Y i) Cycloaddition
||) MeOH / HCl in air

|||) MeOH/NaOH

176 R=H 180 R = SiMe,

167 R,=R,=H
177 R = Me 181 R = Me

168 R, =R,= Me
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2.0.3 PRESENT WORK:

The interesting TDC activity of santopin made it as a new dass of antitumor drug, which
induces both topoisomerase | and |l mediated DNA cleavage, and the low yield from natura sources
necesstated the need for a synthetic route to saintopin and its derivatives, which may show better
activity than saintopin. To the best of our knowledge so far no synthess of saintopin and its
derivatives has been reported. The structure of saintopin was assgned on the basis of spectroscopic
dudies as the pentahydroxy-tetracyclic quinone. The synthess of saintopin (152) was undertaken in
an effort to provide a method to make it avalable in larger quantities as well as to prepare its

derivatives and the same is described in this chapter.

2.0.4 PART-1 FRIEDEL-CRAFTS APPROACH

Condensation of phthdic anhydride with a-ngphthol derivatives to give naphthacenedione is
well documented in the literature?®. We thought of using this straightforward approach for the direct
gynthess of saintopin. Friedd-Crafts condensation between 4,6-dimethoxyphthaic anhydride (182)
and 6, 8-dimethoxy-1-ngphthol (183) would give saintopin (152) directly dong with three other
possible regioisomers 184, 185 and 186 as shown in scheme-3.

Scheme-3
OH OH
o]
MeO OMe HO OH
Noor LS ooe y
190°C 5 min. M o
oMe © OH OMe OH O OH OH +
152
182 183 OH

OH

+

OH O
0
HO OH
I L
HO OH
OH s
OH O 186

185

To examine the utility of this gpproach, a modd reaction was caried out on phthalic
anhydride (187) and a-nagphthol (188), which gave the required linear naphthacenedione 162 in far
yields.
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Scheme-4

0
_AICI; - NaCl _
o +
190 °C
o
187 M 1g8

The synthess of 4, 6-dimethoxyphthdic anhydride (182) required for the Friedd-Crafts
condensation reaction was attempted via the known intermediate 4,6-dimethoxy phthaide (191) as
follows. Procedure for the preparation of intermediate 4, 6-dimethoxy phthdide (191) was
attempted® as shown in scheme-5.

Scheme-5
(@] (@]
HO COH HO MeO
HCHO, Conc HCl, 0 DMS, K,CO, o)
HCI (g), H,SO,
189 OH 190 OH 191 OMe

The treatment of 3,5-dihydroxybenzoic acid (189) with 37-40% formadehyde in conc.
hydrochloric acid and concentrated sulphuric acid faled to give 4, 6-dihydroxy phthdide (190).
Therefore an dternate procedure was employed for the synthesis of phthdide 191 as shown in
scheme-6.

Scheme-6
HO COH COMe e0 CO,Me
DMS, KZCO DMF, POCI NaBH, MeOH
CHO
189 OH 192 OMe 193 OMe
0 o)
eO MeO CO,H MeO
KMnO4 KOH Ac,0, 140 °C
0O —m— O
COH
191 OMe 194 OMe 182 OMe O

The methyl 3, 5-dimethoxy benzoate (192) was prepared from 3,5-dihydroxybenzoic acid
(189) by methylation with DMS and K,COs in refluxing acetone which gave quantitative yidd.
Methyl 3, 5-dimethoxybenzoate (192) was subjected to a Vilsmeer-Haack formylation usng DMF-
POCIl; to give methyl 35-dimethoxy-2-formylbenzoate (193) in 80% vyidd. The physcd and
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spectral properties of the adehyde 193 were in good agreement with the reported vaues®:. Methyl
3,5-dimethoxy-2-formylbenzoate (193) was reduced by using sodium borohydride in methanal.
Hydrolyss of the resultant reduced product provided the 4,6-dimethoxy phthdide (191) in 90%
yidd. The *H NMR spectrum of phthaide 191 showed two singlets a d 3.85 and 3.86 for two
methoxyl groups and gppearance of a dnglet a d 5.16 for newly formed methylene protons. IR
spectrum showed a band at 1761 cmi® suggesting a presence of carbonyl group. The mass spectrum
exhibited the presence of molecular ion pesk a& m/z 194, which was in good agreement with
assigned sructure. After the synthesis of intermediate phthalide 191, its oxidatior®®® with dkaine
potassum permanganate yielded 4, 6-dimethoxyphthaic acid (194)*%. The formation of acid 194
was confirmed by *H NMR spectrum in DMSO-ds, which showed two singlets a d 3.79 and 3.82 for
methoxyl groups and absence of the pesk a d 5.16, which clearly indicated that oxidation had
occurred at C3 carbon. 4, 6-Dimethoxyphthalic anhydride (182)%2° was then prepared by heating
with acetic anhydride a 140 °C. 'H NMR and MS spectra confirmed the formation of 4,6-
dimethoxyphthaic anhydride. The anhydride 182 was readily soluble in CDCk and its *H NMR
gpectrum showed two methoxyl singlets a& d 3.97 and 4.02 while the aromatic meta coupled doublets
appeared at d 6.74 and 7.02 integrating for single proton each. The presence of molecular ion pesk a
m/z 208 further supported the structure of anhydride 182.

There are a number of methods® in the literature, which describe the multi-step synthesis of
the other required synthon 6,8-dimethoxy-1-ngphthol (183). There is only one method which

|34

provides the direct access for the preparation of 183 reported by Snieckus et al””. as shown in

scheme-7.

Scheme-7

OMe NEt OMe NEt, OMe OH

2
i) s-BulLi
/@/go ii) MgBr, /@é\ MeLi or LDA
MeO iif) BrCH,CH=CH, MeO AN MeO
195 196 183

o-Allylbenzamide 196 avalable from 195 by direct ortho metdation or trangtion metd

catalysed cross-coupling reaction undergoes MeLi- induced cyclisation to give 1-ngphthols.
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Finday et a*P. prepared 6,8-dimethoxy-1-naphthol (183) by condensation of 3, 5
dimethoxybenzadehyde (197) with ylide 199 to furnish 4-(3',5'-dimethoxyphenyl)-3-butenoic acid
(198) in 60 % yield. Butenoic acid 198 was then cyclised with polyphosphoric acid a 100 °C, which
gave poor yidd of ngphthol 183 as shown in scheme-8.

Scheme-8
MeO CHO MeO MeO
HOOC
OMe OMe OMe OH
197 198 183

In the present work, 6,8-dimethoxy-1-naphthol (183) wes prepared by aromatization of 6, 8
dimethoxy- 1-tetralone (205) which was synthesized as described in scheme-9.

Scheme-9
MeO CO_Me MeO MeO
LAH, THF, -10 °C OH gy, ccl, 0°C B
192 OMe 200 OMe 201 OMe
MeO . MeO
CH,=CH-CO,Et CO,Et i) H,, PtO,, EtOH, RT
Pd (OAC),, BuzN i) 10 % NaOH, RT RCO;
100 °C
OMe OMe
202 203 R =Et
204 R=H
MeO
TFA | TFAA
OmMe O
205

Sating materid, methyl 3, 5-dimethoxybenzoate (192) was reduced to the corresponding 3,
5-dimethoxybenzyl acohol @00)**? by LAH in THF & 0 °C. The dcohol 200 was then converted to
3, 5dimethoxybenzyl bromide (201)%*® by PBrz in CCl, at 0 °C. Conjugate addition™ of the benzyl
bromide 201 to ethyl acrylate, promoted by Pd(OAc), (Heck reaction) afforded ethyl 4-(3, 5-
dimethoxyphenyl)-2-butenoate (202) in 85% yidld as a pae brown viscous oil. The formation of
butenoate ester was confirmed by spectrd means. *H NMR spectrum exhibited a triplet a d 1.31 (J =
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6.0 Hz) for methyl group in ethyl ester and a doublet a 3.23 (J = 6.0 Hz) for methylene protons. Two
gngletsa d 3.79 and 3.81 were observed for methoxyl groups, a quartet appeared a d 4.19 (J=6.0
Hz) for methylene group in ethyl ester while aromatic and olefinic protons gppeared as a multiplet
between 6.20-6.60 for five protons. The mass spectrum reveded the molecular ion pesk a m/z 250.
Subsequent reduction of the above butenocate ester over Adam's catdyst in ethanol a room
temperature under hydrogen atmosphere gave ethyl 4-(3,5-dimethoxyphenyl) butancate (203). The
formation of the reduced ester was confirmed by spectroscopic data. *H NMR spectrum showed two
tripletsa d 2.29 and 2.57 (J = 6.0 Hz) and were assigned to C2 and C4 methylene protons, a quintet
appeared a d 1.92 (J = 6.0 Hz) which was due to C3 methylene protons. Ethyl triplet and quartet
appeared at d 1.24 and 4.11 (J = 6.0 Hz) respectively, aromatic multiplet was observed between d
6.15-6.55 integrating for three protons. Further hydrolysis of the reduced ester 203 gave 3, 5-
dimethoxy butanoic acid (204) in 95 % yidd. *H NMR spectrum of acid 204 dlearly showed the
absence of triplet and quartet of ethyl ester a d 1.24 and 4.11 respectively. The acid was then
cydised in equa volumes of trifluoroacetic acid and trifluoroacetic anhydride a 0 °C-RT to give the
required intermediate 6,8-dimethoxy-1-tetraone (205). The *H NMR reveded two methoxyl singlets
a d 380 and 3.84, a quintet a d 1.99 integrating for two protons, which could be assgned to
methylene group at C3, two triplets a d 2.54 and 2.84 (J = 7.0 Hz each) integrating for two protons
due to methylene a C2 and benzylic protons a C4 respectively. Aromatic protons appeared as
multiplet between d 6.23-6.34 integrating for two protons. The **C NMR experiment suggested that
methylene carbon ggnas a d 22.56, 31.27 and 40.43 were due to C3, C4 and C2 carbons
respectively; methoxyl carbons appeared a d 54.98 and 55.50. Signadls a d 96.89 and 104.38 could
be assigned to aromatic C5 and C7 respectively, while quaternary carbon signas 4a and 8a appeared
at d 116.07 and 148.79. C8 and C6 carbons bearing the mehoxyl groups gave the signals at d 162.31
and 163.53 respectively and carbonyl carbon a Cl appeared a d 195.29. The mass spectrum
andysis showed the M pesk a mvz 206 with 87% intensity along with base pesk at 178 due to loss
of ethylene,

The aromdization of above tetraone 205 in order to get 6,8-dimethoxy-1- naphthol (183)
was tried usng the reaction conditions as shown in the scheme-10. Firs two methods employing
Pd-C in refluxing p-cymene and bromination-dehydrobromination™® in DMF a reflux could not give
the required naphthol (183). However, bromination of tetrdone in CCl; usng molecular bromine
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and exposure of the solution to 500 W dectric bulb gave intermediate 6,8-dimethoxy-2-bromo-1-
tetralone which was usad as such for further dehydrobromination reaction without purification.

Scheme-10

1. Pd-C, P-Cymene, reflux

MeO i) Br,, CCl, etherial HCI MeO
0 - 5°C, 30 min. O
ii) DMF, LiBr, Li,CO, reflix
OMe OH
OMe O i) Br,, CCl,, BPO

205 ii) Li,CO,, DMF, 70 °C 183

Dehydrobromination reaction was caried out in dry DMF a 70 °C using lithium carbonate
as a base, which gave poor yied (15.53%) of the required 6,8-dimethoxy-1-naphthol (183), as a
white solid. *H NMR spectrum indicated two singlets a d 3.90 and 4.05 and were assigned to two
methoxyl groups. Aromatic region showed multiplet between d 6.45-7.45 dong with two meta
coupled doublets merged with it and integrated for totd five protons. The absence of peaks in the
diphatic region and presence of molecular ion pesk a m/z 204 further confirmed the structure. With
the desred dating materids viz. 4,6-dimethoxyphthdic anhydride (182) and 6,8-dimethoxy-1-
ngphthol (183) in hand fusion reaction was carried out a& 190 °C in sodium chloride-duminium
chloride mdt to get the required molecule saintopin directly, but it gave a complex mixture of
products which was difficult to purify (scheme-1). Hence this approach was discontinued.

To overcome this problem we planned a modified route, which was based on the
regiospecific akylatio™” of the naphthol 183 with bromophthdide 206. Friedel-Crafts akylation
which directly introduces a phthadide resdue into the aromatic nucleus destined to be ring B of the
anthracyclinones was reported by Johnson et al®’. 6,8-Dimethoxy-1-naphthol (183) can be
regiospecificaly dkylated by bromophthaide 206 to condruct tetracyclic carbon framework which
could be elaborated to saintopin by gppropriate chemica conversons as shown in the scheme-11.
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Scheme-11
MeO. OMe
o + Frledel Crafts Reductlve
alkylation Cleavage
OH OMe OH OMe
207
MeO COH OMe OMe
\Qngq/ﬁmu>oooe e
Me OH OMe oH OMe
208 209

e}
MeO OMe
LT o sanogni

OMe O OH OMe
160
When the Friedd-Crafts akylation of 6,8-dimethoxy -1-naphthol (183) by bromophthaide
206 in presence of gannic chloride in methylene chloride was carried out it showed two spots on
TLC. A caeful chromatography of the crude mixture gave two products, which were characterized
asthe didkylated naphthol 210 (9%) and the required lactone 207 (73%) as shown in scheme-12.
The *H NMR and Mass spectra confirmed the formation of 210 and lactone 207. *H NMR

Scheme-12
OMe
SncCl,, CH,Cl,
0 + OO OO
OH OMe
206 183
MeO OMe MeO OMe
O OO Zn dust, pyridine O OO
KOH, water
OH OMe

208
gpectrum of 210 indicated presence of sSx methoxy groups between d 3.45-4.15 and 8 protons in

aromatic region, which included 6 aromatic protons, and 2 methine protons of phthalide moiety. Its
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sructure was further supported by mass spectrum, which showed the molecular ion pesk a m/z 588
with 80% intengty. This compound decomposed on keeping a RT o further andysis could not be
done. The *H NMR spectrum of the required lactone 207 showed four methoxyl singlets a d 3.72,
3.90, 3.95 and 4.17 each integrating for three protons. Aromatic region showed a snglet a d 6.65
integrating for one proton which was assigned to lactone methine proton (Ar-CH-Ar), two ortho
coupled doublets were observed, one a d 6.77 (J = 8.0 Hz), other at d 7.14 (J = 8.0 Hz), amultiplet
appeared between d 6.82- 7.00 integrating for tota four protons and the ngphthoic -OH was
observed a d 9.74. Further, the presence of molecular ion peak a m/z 396 (base peak) and other
major peaks observed a 365 (M-OCH3) and 321 (M-CO;) were in good agreement with the
assgned dructure of lactone 207. Although the required lactone 207 was prepared by adkylation of
bromophthdide 206 and 6,8-dimethoxynaphthol (183) in satisfactory yidd, the reductive cleavage of
the lactone 207 faled to give the corresponding acid 208 with zinc, potassum hydroxide, pyridine,
water®®. The other dternative methods known in the literature for reductive opening of lactones
involved zinc, potassum hydroxide, pyridine, cupric sulphate, water”®, acidic conditions such as
zinc, formic acid, water*®, hydrgenation under acidic*® (H,, Pd/C, acetic acid) or basic** (H,, Pd/C,
methanolic potassum hydroxide) conditions. These conditions could not be tried for a want of more
quantity of lactone 207. As the 6, &dimethoxynaphthol (L83) was prepared in Sx steps in low yidd,
the required lactone 207 could not be prepared in substantial quantity for further work. Also it was
necessary to establish a condition to avoid the formation of unwanted diakylated product 210. To
circumvent these problems, it was decided to employ 4chloro-1-naphthol @11) to carry out a model
dudy as shown in scheme-13.

Scheme-13

0 Cl
eO. MeO -~
o4 O SnCl,, CH,Cl, ‘ O Zn, Pyridine
 oec CuS0,.H,0, 1M NaOH
ome Br OH
cl o ¢l
MeO. COH MeO.
R0 s “OOCC
or TFAA, CH,Cl,, 0 °C
OMe OH OMe OH

213
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Thus 4-cholro-1-naphthol  (211) was dkylated with bromophthdide (206) usng <annic
chloride as a Lewis acid a 0 °Cin dry methylene chloride for 8 hr which afforded the chloro lactone
212 in 82% yidd. IR spectrum of the lactone 212 revealed the presence of hydroxyl at 3330 cmit and
lactone at 1732 cmi* while *H NMR spectrum showed signds as follows: 3.67 (s, 3H, -OMe), 3.87
(s, 3H, -OMe), 6.69 (s, 1H, Ar-CH-Ar), 6.87 (s, 1H), 6.95 (s, 1H), 6.99 (s, 1H), 7.48-7.61 (m, 3H),
8.10 (d, J= 6.0 Hz, 1H), 8.35 (d, J = 6.0 Hz, 1H). The mass spectrum of chloro lactone 212 exhibited
molecular ion pesk at m/z 370 and its isotopic peak a 372 with 10% and 5% intengity respectivey. It
showed a base pegk a 326 dong with other prominent fragments at m/z 341 (15) and 339 (46),
which confirmed the assigned structure 212.

In the present work reductive cleavage of the chloro lactone 212 was smoothly effected by
dkdine conditions used by Newman et al*’. in 88% vyidd. IR spectrum of the resultant acid 213
showed a band at 3440 cm! for carboxylic acid functiondity. *H NMR spectrum of the acid 213
reveded a new snglet a d 4.37 integrating for two protons and was assgned to benzylic -CHo,
remaning protons were found a the appropriate podtions. The mass spectrum of the acid 213
showed the molecular ion pesk & m/z 372 (10) and its isotopic pesk at 374 (3) (M + 2) indicating the
presence of chlorine in the molecule. The other prominent pesks were found at 182 as a base peak,
354 (5, M-H,0) and 319 (29, M-HCI, M-OH). Cyclisation of the above acid 213 in equa amounts of
trifluoroacetic acid and trifluoroacetic anhydride resulted in the formation of chlorongphthacenone
214. This anthrone was dso obtaned by reaction with excess of trifluoroacetic anhydride in
methylene chloride @& 0 °C followed by dirring a room temperature for 5 hr. Column
chromatographic purification of the crude solid gave white crystdline solid (90.9%). Its IR spectrum
showed absorption band at 1730 cmit for anthrone carbonyl group. Its *H NMR showed only six
protons in aromatic region, characteristic snglet of ortho proton with respect to chlorine was absent.
The anthrone methylene singlet was seen @ d 4.14. The mass spectrum of chloronaphthacenone 214
exhibited the molecular ion pesk a m/z 354 with 42% intengty and its isotopic pesk a 356
indicating the presence of chorine in the molecule. It showed a base pesk a m/z 319 (M-Cl) while
other prominent fragments were observed a 337 (M-OH), 295 (11), 267 (7), 233 (9) and 159 (11).
Oxidation of anthrone to quinone was attempted using chromium trioxide in acetic acid*®, which
could not afford the required tetracyclic quinone 215. This oxidation was aso tried under dkdine
potassium permanganate conditions® but that aso failed to give the required quinone 215. The other
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reagents tried were PCCledite™, NaOH/H,0,* and Triton B*, which dso could not give the
required quinone as shown in scheme-14.

Scheme-14
CrO;, AcOH
o Cl O Cl
MeO PCC, Celite MeO
LT o 900
OMe OH NaoH, H,0, OMe O  OH
214 Triton B, O, 215

Though this model study was not successful, as the oxidation step could not be achieved, it
was useful to demondrate the utility of this approach as the lactone opening and cydlization was

effected to afford the tetracyclic skeleton 214. As the oxidation of 214 was not successful, this route
was abandoned.
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2.0.5 Part-11 Intermolecular Nitroaldol Condensation Approach:

In the previous part we have described our attempts towards the congtruction of saintopin
framework by Friedd-Crafts acylation and akylation approach. It was soon redised that the problem
of regiospecificity in earlier Friedd-Crafts route could be avoided by directly obtaining the diketo
carbon framework 219 which could be eaborated to saintopin. The diketo carbon framework of
santopin could be obtaned from 3,5 dimethoxybenzadehyde (197) as shown in scheme-16.
Intermolecular nitroaldol*’ reaction or Henry reaction between 35-dimethoxybenzaldehyde (197)
and nitrodkane 223, would afford substituted 1,3-diaryl-2- nitropropene 222.

Scheme-16
o)
HO OH  MeO OMe MeO OMe
1 J— U — U x ol
NC~ TCN
OH O OH OH OMe O O OMe OMe OMe
152 219 220

MeO OMe MeO y OMe
OMe OMe OMe OMe
221 222
MeO OHC OMe
+
( ] NO, [ ]
OMe OMe

223 197
The Ne*® reaction of 222 would give 13-diarylacetone 221 which could be further

condensed with diethyl maonate or madononitrile under Knoevenagd conditions to obtain diketo
carbon frame work 219 upon hydrolyss and cyclisation as shown in the retrosynthetic plan (scheme-
16). The dating materids required for the nitroadol condensation viz 3,5-dimethoxybenzadehyde
(197) and 1,3-dimethoxy-5-(2-nitroethyl) benzene (223) were prepared as shown in he scheme-17.
3,5-Dimethoxybenzaldenyde (197)*°? was prepared from 3,5- dimethoxybenzyl dcohol (200) using
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PCC® in methylene chloride a 0 °C or excess of manganese dioxide®® in dry benzene a reflux, the
latter method gave good yield.

Scheme-17
MeO OH Me O CHO MeO x_-NO,
MnO,, benzene CH.NNO,, NaOH
reflux MeOH, 0 °C.
200 OMe 197 OMe 224 OMe
MeO
NaBH,, silica gel
CHCI,, IPA. NO2
223 OMe

The other synthon nitroethyl benzene 223 was prepared by intermolecular nitroadol
condensation between the adehyde 197 and nitromethane in the presence of sodium hydroxide
followed by reduction of the resultant nitrostyrene 224 with sodium borohydride in a biphasic
system consisting of silicagel, chloroform and isopropanol®”.

The Henry or nitroddol condensation of the above nitrodkane 223 with 35
dimethoxybenzadehyde (197) in presence of dimethylamine hydrochloride and potassum fluoride
in refluxing toluene aforded the novel nitropropene 225, the dtructure of which was confirmed by
spectral data. Kodukulla et al.*’ tested various substituted 1,3 -diaryl-2-nitropropenes against three
gram podtive bacteria two gram negative bacteria and two fungi. These compounds exhibited
broad-spectrum antimicrobia activity. Further study by these authors showed that methoxy, ethoxy
and nitro substituents increased the activity. Results obtained above were exploited to synthesize two
more novel nitropropenes 226 and 227. Thus nitroddol reaction on m-methoxybenzadehyde and p-
methoxybenxzaldehyde afforded the corresponding nitropropenes 226 and 227 following the same
sequence of reactions as in case of 225. The 1,3-diaryl-2-nitropropenes 225, 226 and 227 prepared in
the present work may show better antimicrobid activity.
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Scheme-18
AN _
R; CHO+ R, /NH2+CI Ri X Ry
NO2 KF, Toluene NO2

R2 Rs reflux R2 R5

R3 RG R3 RG

-p = R,=R.=OMe
197 R;=R;=OMe, 223 R=R, 295 R,=R,=R,=R,= OMe, R,=R =H

R,= H Rg=H

226 R,=R;=OMe, R;=R;=R;=R,=H

MeO OMe 227 R,;=R,=OMe, R=R,=R,=R,=H
Fe / FeCl,, HCI
reflux (0]
OMe OMe

228

Further, the 1,3-diaryl-2-nitropropene 225 was hydrolyzed to ketone 228 employing the
method used by Bhide et al*® by treaing it with iron powder, FeCk and 10 N HCl in ethandl at
reflux for 10 hr (Nef reaction). The precipitated black iron oxide was filtered and the filtrate upon
extraction with ethyl acetate gave white crydtaline solid after remova of the solvent in 90 % yidd.
The IR spectrum of ketone 228 showed a wesk absorption band a 1717 cm® indicating that the
ketone group may be in endlic form. A band a 3417 cmi® further supported this assumption. The *H
NMR spectrum displayed two singlets at d 3.63 and d 3.76 integrating for four and twelve protons
respectively, which were assgned to two benzylic methylene and four methoxyl groups. Aromatic
region showed two multiplets between d 6.24-6.31 and d 6.33-6.38 integrating for four and two
protons respectively. The *C NMR spectrum signds a d 49.10 and d 56.09 were assigned to
methylene and methoxyl groups. The other carbon signas & d 99.16 and d 107.47 were assgned to
aromatic methine carbons. Two quaternary carbon sgnas a d 136.03 and 160.95 were assigned to
C-OMe and carbonyl carbon respectively. The mass spectrum of the ketone 228 exhibited a
molecular ion pesk a m/z 330 with 25 % intengty. It showed a base pesk a m/z 151 dong with
other prominent peaks at 179 (35, COCH,CgH3z (OCHj3), and 121 (5, CH,-CgH4- OCHa).

In order to trandform ketone 228 into the required diketo tetracyclic carbon frame 219,
Knoevenagel condensation between the ketone 228 and active methylene compound such as diethyl

mal onate was carried out under different conditions as shown in scheme-19.
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Scheme-19
K,COs, CH,CN </
reflux, 24 hr A
Pyridine, Piperidine  ~/
MeO OMe 4 MeO OMe
J T 0O ws o U T T
DMF, reflux 7N EtO,C CO.Et
—_— 2
OMe OMe OMe
228 n-BuLi / LDA 7 OMe
+ -78 °C -RT, reflux /N 229

ZnCl,, Ac,0 N/

ro,c” CO,& reflux, 24 hr 7
TiCl,, pyridine N/
THF, CCl, 7

Unfortunately the desred condensed product 229 could not be obtained. In mogt of the
conditions®® tried, either starting materiad was recovered or a complex mixture was obtained. The
ketone 228 aso faled to give the condensed products 230 and 231 with ethyl cyanoacetate®® and
maonic acid respectivdly usng ammonium acetate and acetic add in refluxing benzene employing
DeanStark water separator for severa hours. However, the condensation of malononitrile®* with the
ketone 228 worked well with good yield of the key intermediate dicyano compound 232.

The fallure of Knoeveragel condensation reaction to get the condensed products 229 and 230

Scheme-20
MeO OMe
Nc” >co, B |
NH,OAc, ACOH ~
NC” CoE
benzene, reflux One OM
230 €
MeO OMe
O O HO,C” ™ COH MeO OMe
HO.C COH
OMe OMe benzene, reflux 1§ K ) !
228 e 3

1
MeO OMe
NH,OAc, AcOH Ne” e
OMe OMe

benzene, reflux
232

was attributed to the geric hindrance of the methoxyl groups a 3 and 3' pogtions and the sufficient
branching of the ketone 228 carbon chain, which retards or inhibits the condensation reactiorr>.
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The hydrolyss of key intermediate 232 to diacid 233 or converson into diesters 229 or 234

were attempted under the reaction conditions reported in the literature™ as shown in scheme-21 and
scheme-22.

Scheme-21

3 N NaOH, 30% H,0,

MeO OMe 90°C, 12 hr MeO
‘ | O 6 N/L0 N NaOH, EtOH ‘
NC CN 24 hr Ho,c
OMe OMe

l OMe
COH
KOH (10 eq), 90°C OMe OMe

232 36 hr 233

The complex reaction mixture obtained by hydrolyss could not be purified and andysed.
Also, cyclisation of the impure product could not give the required tetracyclic carbon frame 219 of
santopin. It was thought to characterize the hydrolyzed product by preparing its diethyl ester 229 or
dimethyl ester 234. Accordingly the reaction conditions®® shown in scheme-22 were tried to convert
dicyano compound 232 to dimethyl or diethyl ester but none of them gave the required diester 229 or
234. Hence this route was discontinued.

Scheme-22
HCI i
Cl (g), EtOH, SiO, R = Et
2hr
H,SO,, EtOH -
MeO OoM =
e O | O ¢ [130°c, 15 hr MeO ‘ | O OMe
NC CN H,SO,, MeOH
,S0, R = Me RO,C COR
OMe OMe reflux, 3 days OMe OMe
232
NaOH, ethylene glycol 229 R=Et
<R =Me
MeOH, 110°C, 75 hr 234 R =Me
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2.0.6 Part-111 Intramolecular Houben-Hoesh Reaction Approach:

In early years of the last century Hoes?’ and later Houber?® demonstrated that the acylation
of phenol and phenol ethers could be achieved in good yidds by reaction with an aromaic or
diphatic nitrile and dry HCl usudly in the presence of Lewis acid such as ZnChb*® or AlCk.®° Barton

et al.*® applied Houben-Hoesh resction of nitrile 236 with orcindl 235 to give dihydrochdcone 237
in the synthesis of bikaverin.

Scheme-23
CH, OMe CH, O OMe
Q1 e
+ ZnCl,, HCl O O
HO OH \/\©\0Me HO OH OMe
OMe OMe
235 236 237

Rama Rap et al.®! demonsrated the utility of inter and intramolecular Houben-Hoesh
reections for the firg time in the enantiosdective synthess of both the antipodes of 5,7-dimethoxy-
2-methyl chroman-4-one which is the important intermediate for the synthess of cdanclide A
(scheme-24).

Scheme-24

O OMe (0] OMe
\[ ZnCl,, HCI (g)
CN
OMe
238

O OMe
239

Based on these observations it was decided to use an intramolecular HoubernHoesh reaction
for the acyldive ring closure of the key intermediste 232 for the synthess of required diketo
tetracyclic carbon frame of saintopin as shown in the scheme-25. Accordingly, dicyano compound
232 was treated with ZnChL in anhydrous THF while dry HCl gas was bubbled in the reaction
medium, which gave the cyanongphthol 240, which was fully characterized by spectrd means. The
IR spectrum showed strong bands at 2185 and 3471 cmi! for the cyanide and phenolic hydroxyl
functiondity respectively. The *H NMR spectrum exhibited a singlet a d 3.78 integrating for six
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protons and was assigned to two methoxyl groups, the other two methoxyl groups appeared at d 3.86
and 3.95. The benzylic methylene was observed a d 4.03. The aromatic region showed a multiplet
between d 6.35-6.40 integrating for two protons, another multiplet a d 6.45-6.54 integrating for

three protons and asinglet at d 6.63 for a Single aromatic proton.

Scheme-25
MeO OMe MeO OMe
NG CN THF 0°C
OMe OMe OH OMe

MeO OMe
THF, 0°C

OMe O OH OMe
241

The mass spectrum showed a molecular ion pesk a& m/z 379 which further confirmed the
assigned sructure of the cyanonaphthol 240. The cyanongphthol 240 was again subjected to Hoesh
reaction conditions for alonger time but the expected product 241 could not be obtained.

It was felt that sdective reduction of double bond in dicyano compound 232 might hdp in
the acylation reaction and thereby formation of diketo compound 220. Accordingly reduction of
double bond was effected usng paladium charcod (10%) under hydrogen amosphere a room
temperature to give reduced dicyano compound 242 (scheme-26). The IR spectrum showed a band at
2190 cm®. The 'H NMR spectrum of 242 showed a multiplet between d 2.55-2.91 integrating for
five protons and was assgned to two benzylic methylene protons and a methine proton. A singlet
observed at d 3.78 integrating for twelve protons was assgned to four methoxyl groups. The methine
proton of malononitrile was observed as a doublet a d 4.24. The aromatic region showed a Snglet at
d 6.30 integrating for four protons and a doublet & d 6.38 (= 2.0 Hz) integrating for two protons.
Molecular ion pesk a m/z 382 (M+ 2) further confirmed its structure. Intramolecular Houben-Hoesh
reaction of the reduced cyano compound 242 employing the reaction conditions as above gave a

125



Chapter 2: Saintopin

mixture of two products 243 in 26% and 244 in 44% yidd. Compound 243 could be easily separated
from compound 244 due to the consderable difference in R; values of 243 and 244 (scheme- 26).

Scheme-26

MeO OMe MeO OMe
Pd-C, H,, RT ZnCl}, HCI (g)
THF, 0°C
NC CN NC CN
OMe 2 OMe OMe 242 OMe
MeO OMe MeO. OMe
O"O + “‘O i) Benzylic monobromination

ii) Oxidation

iii) Demethylation

OH O OH OMe OMe OH O OMe

|
23
243 244

o
RSN

OH O OH OH
Saintopin (152)

Compounds 243 and 244 were characterized by spectral means. The IR spectrum of the 243
showed absorption band at 1624 cmi* for the carbonyl functiondity. The *H NMR spectrum reveded
multiplets between d 2.58-2.80 and 2.83-3.10 for two benzylic methylenes and adjacent methine
proton. Methoxyl singlets at d 3.83, 3.84 and 3.85 were observed integrating for three protons each.
A multiplet between d 6.27-6.41 was observed as a result of merging of two meta coupled doublets
for four aromatic protons. Two singlets at d 8.25 and 13.63 were due to enolic hydroxyl group and a
phenolic hydroxyl hydrogen bonded with the carbonyl group respectively. In addition, *C NMR
andyss showed two dgnds a d 3552 and 36.81 for two benzylic methylenes and a sgnd a d
188.49 for the carbonyl carbon.

The dructure of 244 was dso confirmed on the basis of its spectrd data. The IR spectrum of
this compound showed absorption band a 1646 cm' for the carbonyl functiondity. *H NMR
goectrum showed a multiplet between d 2.52-3.12 for two benzylic methylene and a methine
protons. The four methoxyl singlets were observed at d 3.82, 3.83, 3.85 and 3.89 each integrating for
three protons. The aromatic meta coupled doublets were observed a d 6.29, 6.32, 6.37 (J = 2.0 Hz
each) while the endlic singlet was doserved at d 8.08. 3C NMR cleardly showed two carbon signals
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a d 36.29 and 36.56 for benzylic methylene carbons. A carbonyl carbon was observed at d 184.49
and the rest of the pesks were found a appropriate d vaues. The mass spectrum did not show
molecular ion peak. The firgt intense peak was found a m/z 365 (M-OH). The other intense pesks
were found a m/z 352 (OCHs) and 334 (OCHS3) which further supported the assgned sructure of
244,

Benzylic monobromination of 243 or 244 and subsequent oxidation followed by
demethylation would lead to the saintopin (152). Further work in this direction is in progress in our
group.

2.0.7 CONCLUSION

The synthesis of saintopin was attempted by three different gpproaches namely Friedd-Crafts
approach, nitroaldol condensation and Houben-Hoesh reaction. The Friedd-Crafts acylation suffered
a problem of regiosdectivity while Friedd-Crafts dkylation met with difficulties in opening of
lactone ring of the required intermediate. Intermolecular nitroddol condensation approach though
unsuccessful, provided a key intermediate for Houben-Hoesh approach. The Houben-Hoesh
reaction approach afforded the tetracyclic carbon frame-work of saintopin. However, total synthess

of saintopin could not be achieved.
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2.0.8 EXPERIMENTAL:

6-Hydroxynaphthacene-5, 12-dione (162):

OH O

A mixture of anhydrous duminium chloride (17.35 g, 130 mmol) and sodium chloride (3.46
g, 59.3 mmol) was heated at 180-190 °C for 5 min. To this melt was added a mixture of phthdic
anhydride (1.72 g, 11.66 mmol) and Enaphthol (1.0 g, 6.94 mmoal) and resulting mixture was sirred
at 180-190 °C for 7 min. After cooling, the reaction mixture was digested with saturated oxdic acid
solution on water bath for 1 hr, cooled and extracted with choloroform (4 ~ 50 ml). The chloroform
layer was successvely washed with 5% sodium bicarbonate, brine, dried and evaporated to yied 162
(0.891 g, 28.0 %) asaydlow solid; m.p.262 °C [Lit>’ m.p. 264-268 °C].

'H NMR (CDCl): d 7.60-7.90 (m, 4H), 8.00 (d, J = 8.0 Hz, 1H), 8.31 (s, 1H), 8.32-8.50 (m, 2H),
8.54 (d, J= 8.0 Hz, 1H), 14.56 (s, 1H, chelated -OH); M 'S (m/2): 274 (M, base peak), 246 (10), 218
(8), 189 (55), 163 (7), 113 (7) and 94 (7).

Methyl 3, 5-dimethoxybenzoate (192):

M eO\QCOZM e

OMe

A mixture of 35-dihydroxybenzoic acid (20 g, 0.13 mole), potassum carbonate (62.72 g,
0.45 mole) and dimethyl sulfate (57.27 g, 44.32 ml, 0.45 mole) in dry acetone (500 ml) was sirred
under reflux for 12 hours. The acetone was didtilled off, to the cooled residud mixture was added
water (400 ml) and extracted with ethyl acetate (3 ©~ 100 ml). Ethyl acetate layer was washed with
water severd times followed by brine (50 ml), dried over NaSO,4, and concentrated under reduced
pressure to give a crude solid, which was recryddlized in ethyl acetate-pet ether to give white
needles of 192 (25.0 g, 98%); m.p. 43.8 °C (Lit m.p. 42-43 °C).
IR (CHCl): 1721, 1600, 1460, 1250, 1050 cm*; *H NMR (CDCl): d 3.82 (s, 6H, 2~ OMe), 3.90
(s, 3H, CO:Me), 6.61 (t, J= 2.0 Hz, 1H), 7.15 (d, J= 2.0 Hz, 2H); Analyss caculated for C;oH1204:
C=61.22, H = 6.15%; Found C = 61.22, H = 6.14%.
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Methyl 3,5-dimethoxy-2-for mylbenzoate (193):

MeO\@ECOZMe
S CHO

To a complex prepared from DMF (0.447 g, 0.472 ml, 6.12 mmol) and POCl; (0.702 g, 0.426
ml, 459 mmol) at 0°C was added powdered methyl 3, 5-dimethoxybenzoate (1.0 g, 5.1 mmol) at
once and dlowed to atain room temperature and then it was heated a 80 °C for 4 hr. The resulting
dark red mixture was cooled and decomposed with saturated solution of sodium acetate. The
ddehyde which separated out as a yellow solid was filtered, washed with water, dried and then
cayddlized from hexane-ethyl acetate to give ddehyde 193 (0.904 g, 80%) as a white solid; m.p.

132 °C[Lit**m.p. 134-136 °C].

IH NMR (CDCly): d 3.87 (s, 3H, -CO.Me), 3.90 (s, 6H, 2~ OMe), 6.50-6.54 (m, 2H), 10.27 (s, 1H,
-CHO); MS (m/z): 224 (M*, 11), 209 (100), 193 (18), 165 (7), 150 (7), 135 (6) and 106 (12).

4,6-Dimethoxy-1, 3-dihydro-1-isobenzofuranone OR 4,6- Dimethoxy-3H-isobenzofuran-1-one
(192):
(0]

MeO
o

OMe

To the dirred solution of ddehyde 193 (3.6 g, 16 mmoal) in methanol (270 ml) under sirring
was added sodium borohydride (3.76 g, 99 mmol) in lots. The mixture was sirred further for 30
minutes, methanol was didtilled off and resdue was acidified usng 1 N HCl (50 ml), resultant solid
obtained was filtered, washed with water, dried and crystdlized from hexane -ethyl acetate to give
the desired phthalide 191 (2.799 g, 90%) as awhite solid; m.p. 167 °C [Lit** m. p. 167 °C].

IR (CHCh): 1761 cm.™%; 'H NMR (CDCl): d 3.85 (s, 3H), 3.86 (s, 3H), 5.16 (s, 2H), 6.63 (d, J= 2.0
Hz, 1H), 6.88 (d, J = 2.0 Hz, 1H); M S (m/2): 194 (M*, 88), 165 (100), 137 (48), 122 (41) and 107
(22); Andysis cdculated for CioH1004: C = 61.85, H = 5.18%; Found C = 61.26, H = 6.12%.
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3, 5-Dimethoxyphthalic acid (194):

Meo coH
c

A olution of phthdide 191 (0.5 g, 2.57 mmol), potassum hydroxide (1.342 g, 23.9 mmol)
and potassum permanganate (0.651 g, 4.12 mmol) in water (15 ml) was dirred at room temperature
for 12 hr. At the end faint green colour was observed. Ethanol (5.0 ml) was added to the reaction
mixture and dirred for further 30 min to destroy excess of potassum permanganate. It was then
filtered, washed with water, colorless filtrate was concentrated and made digtinctly acidic with 50%
HCI when white turbidity appeared. NaCl was added till the solution was saturated and then it was
extracted with ether to give compound 194 (0.453 g, 77.83 %) as a white solid; m.p. 152 °C [Lit3?°
m.p. 152-154 °C].

IH NMR [DMSO-dg]: d 3.79 (s, 3H), 3.82 (s, 3H), 6.82 (s, 1H), 6.93 (s, 1H).

4, 6-Dimethoxy-isobenzofuran-1, 3-dione OR 4, 6-Dimethoxyphthalic anhydride (182):

MeO
(0]

O\Aeo

3, 5Dimethoxyphthdic acid (0.400 g, 1.76 mmol) was dissolved in acetic anhydride (5.0 ml)
and heated at 140 °C for 4 hr. The excess acetic anhydride was removed by vacuum didtillation,
resdud solid was washed with dry ether severd times and dried to give anhydride 182 (0.310 g,
84.23%) as awhite solid; m.p. 146.5 °C [ Lit *° m.p. 146-147 °C].

IR (CHCL): 1841, 1769, 1626, 1590 cm.”*; *H NMR (CDCl): d 3.97 (s, 3H), 4.02 (s, 3H), 6.74 (s,
1H), 7.02 (s, 1H); *C NMR (CDCk): d 55.54 (OCHs), 107.17 (aromatic), 104.16 (aromatic),
108.13 (=C quat), 133.92 (=C quat), 158.37 (-C-OMe), 158.98 (-C-OMe), 161.87 (=C=0), 167.25
(=C=0); M'S (m/2): 208 (M", 60), 180 (5), 164 (100), 150 (13), 134 (40), 122 (8), 106 (94) and 91
(16); Andysis caculated for C1oH180s5: C =57.70, H = 3.87%; Found C = 57.01, H = 3.92%.
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3,5 -Dimethoxybenzyl alcohol (200):

MeO
e\©/\OH

OMe

In a 100 ml round bottom flask, LAH (1.93 g, 0.05 mole) was taken under argon atmosphere
and cooled to -5° C. To this was added dry THF (20 ml). To the above stirred suspension of lithium
duminium hydride, methyl 3,5-dimethoxybenzoate (192) (5.0 g, 0.02 mole) in THF (50 ml) was
added dropwise and temperature of the reaction was not alowed to rise above @@ C. It was further
gtirred for 2 h at @ C and for another one hour at room temperature. |ce water (2 ml) was then added
carefully drop by drop followed by 15% KOH (2 nh) and sirred to decompose excess of lithium
duminium hydride. White solid sugpenson thus obtained was filtered through sintered glass funnd,
washed with CHCl; (30 ml), combined filtrate was washed with brine (20 ml), dried over N&SO4
and concentrated on rotary evaporator to give 200 as a white solid (4.1 g, 95.68%); m. p. 43 °C
[Lit33d m.p. 43-45 °C].

IR (CHCh): 3416, 1599 cm.™ ; *H NMR (CDCl): d 2.52 (bs, 1H), 3.76 (s, 6H), 4.56 (s, 2H), 6.34 (t,
J =20 Hz 1H), 6.46 (d, J = 2.0 Hz, 2H); Anayss caculated for GH;,03: C = 64.27, H = 7.18%;
Found C = 64.61, H = 7.21%.

3,5-Dimethoxybenzylbromide OR 1-Bromomethyl-3, 5-dimethoxybenzene (201):

MeO
\©/\Br

OMe

To the dirred solution of 3, 5-dimethoxybenzyl acohol (200) (12.67 g, 75.4 mmal) in dry
CCls (130 ml) under argon atmosphere was added PBrs (10.213 g, 3.58 ml, 37.7 mmol) dropwise
while reaction mixture was cooled externdly a 0 °C. The dtirring was continued for 2 hr and then it
was quenched with water a 0 °C and extracted with CCly, washed with 10% NaHCOj3 solution (50
ml), brine (50 ml) and dried over sodium sulfate to give the crude solid. It was chromatographed
using pet ether and acetone as duent (95:05) to give 201 as white crystals (18.66 g, 91.30%); m.p.
69 °C [Lit**® m.p. 69-70 °C].

131



Chapter 2: Saintopin

IH NMR (CDCL): d 3.81 (s, 6H), 4.43 (s, 2H), 6.34-6.43 (m, 1H), 6.53 (d, J = 2.0 Hz, 2H); M'S
(M/2): 230 (M*, 28), 232 (M*, 23), 151 (100), 136 (3), 121 (3) and 91 (6); Analysis calculated for
CoH110,Br: C=46.78, H = 4.80, Br = 34.57%; Found C = 47.00, H = 5.20, Br = 34.02%.

Ethyl 4-(3, 5- dimethoxyphenyl)-2-butenoate (202):

MeO

OMe

A mixture of 1-bromomethyl-3,5-dimethoxybenzene (201) (3.0 g, 0.13 mmoal), Pd(OAc),
(0.029 g, 0.13 mmal), tri-n-butylamine (6.0 g, 7.71 ml, 32 mmol) and ethyl acrylate (2.6 g, 2.81 ml,
26 mmol) was heated at 100 °C for 10 hr. The reaction mixture was cooled and poured in water and
extracted with ethyl acetate. The ethyl acetate layer was washed with 1 N HCI followed by waeter,
dried over sodium sulfate and evaporated. The resdue was purified by chromatography on dlica gd
using pet ether-acetone (95:05) to give 202 as a pae brown viscous oil (2.77 g, 85%).

IR (CHCl3): 1728, 1595 cm.™; 'H NMR (CDCl): d 1.31 (t, J= 6.0 Hz, 3H), 3.23 (d, J= 6.0 Hz, 2H),
3.79 (s, 3H), 3.81 (s, 3H), 4.19 (g, J = 6.0 Hz, 2H), 6.20-6.60 (m, 5H); 3C NMR (CDCl): d13.93,
37.97, 54.85, 60.32, 99.62, 104.10, 106.82, 122.00, 134.14, 138.54, 160.60, 169.16 and 170.93; M S
(M/2): 250 (M*, 75), 221 (7), 205 (10), 177 (100), 161 (37), 121 (35) and 91 (40).

Ethyl 4-(3,5-dimethoxyphenyl) butanoate (203):

MeO
;EDZC

OMe

Ethyl 4-(3, 5-dimethoxyphenyl)-2-butenoate (202) (0.80 g, 3.2 mmol) was dissolved in
digtilled ethanol (15 ml), and platinum (1) oxide (0.007g, 0.03 mmol) was added to it. The reaction
flask was flushed wel severd times with hydrogen and the turbid brown solution was dirred under
hydrogen amosphere at room temperature for 1 hr. The catayst was filtered off through celite bed
and the filtrate was concentrated on rotary evaporator to give 203 as colorless ail (0.789 g, 97.76%).

IR (CHCh): 1722 cmi®; *H NMR (CDCl): d 1.24 (t, J = 6.0 Hz, 3H), 1.92 (quintet, J= 6.0 Hz, 2H),
2.29 (t, J = 6.0 Hz, 2H), 2.57 (t, J = 6.0 Hz, 2H), 3.75 (s, 6H), 4.11 (g, J = 6.0 Hz, 2H), 6.15-6.55 (m,
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3H); BC NMR (CDCls): d14.25, 26.31, 33.66, 35.46, 56.24, 60.21, 98.09, 106.67, 143.87, 160.90
and 173.44.

4-(3,5-Dimethoxyphenyl)butanoic acid (204):

MeO
;r—ozc:

OMe

Ethyl 4-(3,5-dimethoxyphenyl) butanoate 203 (0.789 g, 3.12 mmol) was dissolved in didtilled
ethanol (10 ml) and 10% NaOH (5 ml) was added to it. It was stirred for 6 hr a room temperature,
ethanol was didtilled off from the reaction mixture and diluted with water (20 ml). It was extracted
with CH,Cl, (10 ml) to get rid off the organic impurities. The agueous part was acidified with 10 N
HCI, extracted with ethyl acetate, washed with brine (20 ml) and dried over NSO, to give the
desired acid 204 (0.66 g, 95.14%) as white solid; m.p. 60.5 °C [lit*** m.p. 61-62 °C].

IR (CHCl): 3438, 1711, 1597 cmi’; '"H NMR (CDCh): d 1.97 (quintet, J = 6.0 Hz, 2H), 2.40 (t, J=
6.0 Hz, 2H), 2.63 (t, J = 6.0 Hz, 2H), 3.79 (s, 6H), 6.25-6.45 (m, 3H); 13C NMR (CDCh): d25.85,
33.14, 35.13, 54.93, 55.24, 97.97, 106.42, 143.35, 160.50, 160.72 and 179.39.

6, 8-Dimethoxy-1-tetralone (205):

MeO

OMe O

To the 4-(3,5-dimethoxyphenyl) butanoic acid 204 (0.66g, 29 mmol) was added
trifluoroacetic acid (8 ml) a O °C under nitrogen amosphere and dirred for 15 minutes.
Trifluoroacetic anhydride (8 ml) was then added dropwise and stirring continued a 0 °C for 2 hr. It
was then dirred a room temperature for 10 hr. The reaction mixture was poured on crushed ice and
extracted with chloroform (2 ©~ 20 ml). The chloroform layer was washed with water, brine and
dried over sodium sulfate. Evaporaion of the solvent gave tetraone 205 (0.52g, 84.96%) as a pae
brown solid; m. p. 182.9 °C.

IR (CHCl): 1689, 1598 cmi’: 'H NMR (CDCly): d 1.99 (quintet, J = 7.0 Hz, 2H), 2.54 (t, = 7.0 Hz,
2H), 2.84 (t, J = 7.0 Hz, 2H), 3.80 (s, 3H), 3.84 (s, 3H), 6.23-6.34 (m, 2H); 3C NMR (CDCl):
d22.56, 31.27, 40.43, 54.98, 55.50, 96.89, 104.38, 116.07, 148.79, 162.31 163.53, 195.29; M S (M/2):
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206 (M*, 87), 189 (15), 178 (100), 160 (20), 149 (41) and 120 (35); Andyss calculated for
C12H1405: C = 69.88, H = 6.83 %; Found C = 69.22, H = 6.53%.

6, 8-Dimethoxy-1-naphthol (183):

OMe OH

6, 8Dimethoxy-1-tetralone 05) (1.05 g, 5.12 mmoal) in dry CCly (20 ml) was stirred under
argon atmosphere and bromine (0.809 g, 5.12 mmol) in CCly (3.2 ml) was added dropwise (each
drop was added after the previous drop was completely decolorized) a room temperature. The
reaction mixture was exposed to 500 W dectric bulb for 30 minutes, cooled and water (20 ml) was
added to it. It was then extracted with CCly, washed with water, 10 % NaHCO; solution followed by
brine, dried over sodium sulfale and concentrated to give 2-bromo-6, 8-dimethoxy-1, 2, 3, 4-
tetrahydronaphthalene-1-one (1.386 @) as a brown oil which was used as such for further reaction.
The above brown colored oil was dissolved in anhydrous DMF (10.0 ml) under nitrogen, lithium
carbonate (1.798 g, 26.8 mmol) was added at once and the resulting mixture was stirred a 70 °C for
12 hr. Water (10 ml) was then added and the mixture was acidified with HCI, extracted with ether,
washed with water, dried over sodium sulfate and concentrated to give crude 6,8-dimethoxy-1-
naphthol, which was purified by column chromatography usng 5% acetone in pet ether as an duent
to give 183 (0.16 g, 15.53%) as awhite solid; m.p.82 °C [Lit** m.p. 84 °C].

IR (Nujol): 3360 cmi’; 'H NMR (CDCls): d 3.90 (s, 3H), 4.05 (s, 3H), 6.45 (s, 1H), 6.66-6.86 (m,
2H), 7.06-7.45 (m, 2H), 9.06 (s, 1H); M S (m/z): 204 (M"*, 87), 196 (100), 138 (31), 122 (28), 107
(26) and 92 (22).

3-Bromo-4, 6-dimethoxy-1,3-dihydro-1-isobenzofur anone (206):

O

MeO
(0]

ove Br

A mixture of 4, 6-dimethoxy-1, 3-dihydro-1-isobenzofuranone (191) (0.100 g, 0.5 mmoal), N-
bromosuccinimide (0.092 g, 0.5 mmol) and a pinch of benzoyl peroxide in dry CClL (10 ml) was
exposed to 500 W dectric bulb and stirred magneticaly. The reaction was continued for 1.5 hr after
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the solution dtarted refluxing. It was then cooled, succinimide was filtered and filtrate concentrated
a reduced pressure to give a ydlow solid, which was recrysdlised from benzene-hexane (0.120 g,
86.42%); m.p. 255 °C.

IR (CHCL): 1761 cm*; *H NMR (CDCh): d 3.90 (s, 3H), 3.96 (s, 3H), 6.71 (d, J = 2.0 Hz, 1H),
6.95 (d, J = 2.0 Hz, 1H), 7.25 (s, 1H); M'S (m/2): 272 (M*, 4), 274 (2), 243 (4), 224 (10), 210 (85),
193 (56), 165 (100), 135 (50), 106 (46) and 91 (23).

3-(1-Hydroxy-6,8-dimethoxynaphthalen-2-yl)-4,6-dimethoxy-3H-isobenzofur an-1-one (207):

(e]
MeO OMe
(e O
OMe

OH OMe

A solution of bromophthdide 206 (0.186 g, 1.3 mmol) and 6,8-dimethoxy-1-ngphthol (183)
(0.140 g, 1.3 mmol) in dry dichloromethane (10 ml) was cooled to -5 °C. Stannic chloride (1.36 g,
0.650 ml, 10.07 mmol) was then injected dropwise through a syringe and the resulting mixture was
dirred for 3 hr. It was then poured onto the mixture of crushed ice and conc HCI, dirred for 30 min
and extracted with dichloromethane. The combined dichloromethane layer was washed with water,
brine and dried over sodium sulfate. Evaporation of the solvent and purification by column
chromatography afforded compound 207 (0.197 g, 73 %) as a white solid; m.p. 228.5 °C and 2, 4-his
[3-(4', 6'"-dimethoxy-3'H-isobenzofuran 1-onyl)-6,8-dimethoxyngphthden1-o  (210) as a white
solid (0.036 g, 9.0 %); m.p. 241 °C.

Compound 207: IR (CHCL): 1726 cmi*; *H NMR (CDCh): d 3.72 (s, 3H), 3.90 (s, 3H), 3.95 (s,
3H), 4.17 (s, 3H), 6.65 (s, 1H), 6.77 (d, J = 8 Hz, 1H), 6.82-7.00 (m, 4H), 7.14 (d, J = 8.0 Hz, 1H);
M S (m/z): 396 (M*, 100), 365 (20), 351 (25), 335 (40), 321 (40), 306 (17), 263 (10), 231 (12), 164
(35), 139 (20) and 106 (22).

3-(4-Chlor o-1-hydr oxy-2-naphthalenyl)-4,6-dimethoxy-3H-isobenzofur an-1-one (212):
o cl
MeO
OMe OH
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The procedure for the synthesis of 212 was smilar to the synthesis of 207. The quantities of
reectants and reagents were as follows. bromophthdide 206 (0.950 g, 3.49 mmol), 4-chloro-1-
naphthol 211 (0.621 g, 3.49 mmol)) and stannic chloride (6.63 g, 3.0 ml, 7.7 mmal). Crude solid
was purified by column chromatography, which afforded 212 as a white solid (1.05 g, 70%); m.p.
189 °C.

IR (CHCl): 1732 (-C=0), 3330 cmi®; *H NMR (CDCl): d 3.67 (s, 3H), 3.87 (s, 3H), 6.69 (s, 1H),
6.87 (s, 1H), 6.95 (s, 1H), 6.99 (s, 1H), 7.48-7.61 (m, 3H), 8.10 (d, J = 6.0 Hz, 1H), 8.35 (d, J= 6.0
Hz, 1H); *C NMR (CDCl; + Acetone o): d 54.81, 74.71, 98.18, 104.25, 116.89, 121.92, 123.30,
125.43, 126.00, 126.99, 127.54, 128.94, 130.65, 149.61, 154.43, 162.36 and 182.08; M S (m/2): 372
(M*, 5), 370 (M*, 10), 341 (15), 339 (46), 328 (34), 326 (100), 310 (7), 281 (5) and 252 (2).

2-(4-Chloro-1-hydr oxynaphthalen-2-ylmethyl)-3,5-dimethoxybenzoic acid (213):

Cl
wOOO
OMe OH

The lactone 212 (1.6 g, 4.32 mmol) was reductively opened by hesting with 1M solution of
KOH (60 ml), activated zinc (8432 g, 129.72 mmol), CuS0O4.5H,O (0.345 g, 1.38 mmol) and
pyridine (6.832 g, 7.4 ml, 8648 mmol) a 125 °C for 10 hrs under nitrogen atmosphere. After
completion of the reaction (TLC) the reaction mixture was dlowed to cool and filtered through a pad
of cdite. Acidification of the filtrate with concentrated HCl afforded the corresponding acid 213 (1.4
g, 80%) as awhite solid; m. p. 209 °C.

IR (CHCh): 1679 (-C=0), 3440 (-CO,H) cmit. *H NMR (CDCLk): d 3.85 (s, 3H), 3.87 (s, 3H), 4.37
(s, 2H), 6.81 (d, J = 2.0 Hz, 1H), 7.12 (d, J = 2.0 Hz, 1H), 7.45-7.67 (m, 3H), 8.07 (d, J = 6.0 Hz,
1H), 8.29 (d, J = 6.0 Hz, 1H); *C NMR (Acetone d): d 55.59, 55.96, 103.29, 106.86, 120.23,
120.98, 122.24, 123.25, 123.86, 125.00, 126.76, 130.55, 130.76, 131.40, 150.11, 159.54, 159.90 and
171.87; M'S (m/z): 374 (M*, 3), 372 (M*, 10), 354 (5), 319 (29), 291 (2), 182 (100), 109 (20) and 83
(42); Analyss caculated for GoH17Cl OGs: C= 64.43, H = 4.59, Cl = 9.52%; Found C = 64.11, H=
4.76, Cl = 9.85%.
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6-Chloro-11-hydroxy-1, 3-dimethoxy-12H-naphthacen-5-one (214):

(0] Cl
The acid 213 (1.4 g, 376 mmol) was dgirred with trifluoroacetic acid (6.0 ml) and
trifluoroacetic anhydride (6.0 ml) a O °C under nitrogen amosphere for 5 min and then a room
temperature for 5 hr. It was then poured into ice-water and extracted with chloroform. Chloroform
layer was washed with 5% NaHCOs; solution, brine and dried over sodium sulfate. Evaporation of

the solvent under reduced pressure and purification of the crude product by column chromatography
gave chloronaphthacenone 214 (1.21 g, 90. 97%) as awhite crystalline solid; m.p. 169.9 °C.

IR (CHCh): 1730 cm* (-C=0); *H NMR (CDCl): d 3.79 (s, 3H), 3.89 (s, 3H), 4.14 (s, 2H), 6.61 (d,
J = 2.0 Hz, 1H), 696 (d, J = 2.0 Hz, 1H), 7.51(s, 1H), 7.55-7.65 (m, 2H), 8.15-8.20 (m, 1H), 8.32-
840 (m, 1H); 3C NMR (CDCk): d 26.61, 55.51, 56.16, 103.86, 106.88, 122.20, 124.00, 124.82,
125.89, 127.20, 127.39, 128.00, 129.34, 129.52, 130.35, 145.33, 155.74, 159.40 and 165.20; M S
(m/2): 354 (M*, 42), 356 (M, 16), 339 (10), 337 (20), 323 (13), 319 (100), 295 (11), 267 (7), 233
(9), 199 (18) and 159 (11); Analysis calculated for CyoH15CIO4: C = 70.90, H = 4.45, Cl = 10.46 %;
Found, C = 70.42, H = 4.10, Cl = 10.81%.

3, 5-Dimethoxybenzaldehyde (197):

M eo\©/CHO

OMe

3, 5 Dimethoxybenzyl acohol (4.216 g, 0.025 mole) was dissolved in dry benzene (20 ml)
under argon and MnO- (17.5 g, 0.2012 mole) was added at once. It was then refluxed for 15 hr after
which the reaction mixture was cooled, filtered through a celite bed and filtrate concentrated under
reduced pressure to give the desired adehyde 197 (4.080 g, 97.95%); m.p. 45.9 °C [Lit**® m.p. 43
°C].

IH NMR (CDCl): d 3.85 (s, 6H), 6.64-6.71 (m, 1H), 6.99 (d, J= 2.0 Hz, 2H), 9.90 (s, 1H).
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1,3-Dimethoxy-5- [2-nitro-1-ethenyl] benzene OR 1,3-Dimethoxy-5-(2-nitrovinyl)-benzene

(224):
M eO\E;/\/ NO,

OMe

A mixture of nitromethane (3.67 g, 0.06 mole) and 3, 5dimethoxybenzadehyde (197) (10.0
g, 0.06 mole) in methanol (150 ml) was stirred a 0 °C and an agueous solution of sodium hydroxide
(2.88 g, 0.07 mole) was added over a period of 30 minutes. The dtirring was continued for another
haf an hour in the temperature range of 0-5° C. The mixture was then diluted with water (100 ml)
and poured over crushed ice containing 25 ml conc HCl. The ydlow solid which precipitated out
was filtered, dried in a vacuum desiccator and recrystdlised from ethanol to afford 224 (11.67 g,
92%); m. p. 129.8 °C.

'H NMR (CDCl): d 3.83 (s, 6H), 6.48-6.58 (m, 1H), 6.65 (d, J = 2.0 Hz, 2H), 7.53 (d, J = 14.0 Hz,
1H), 7.91 (d, J = 14.0 Hz, 1H); C NMR (CDCh): d 55.46 (-OCHs), 104.16 (aromatic), 106.99
(aromatic), 131.77 (aromatic), 137.50 (CH=CH-NO;), 139.05 (-CH=CH-NO,), 161.32 (2-C-OMe);
MS (m/2): 209 (M, 100), 178 (8), 162 (38), 148 (25), 133 (25), 119 (21), 105 (23) and 91 (33);
Analysis calculated for C10H11NO4: C =57.41, H = 5.29, N = 6.69 %; Found, C = 57.68, H = 5.37,
N = 6.65%.

1, 3 Dimethoxy-5-(2-nitr oethyl) benzene (223):

MeO
T

OMe

To an efficently gtirred mixture of nitrostyrene 224 (5.775 g, 0.0276 mole), sllica gel (52.72
g), 2-propanol (50 ml) and chloroform (400 ml), was added sodium borohydride (4.36 g, 0.1153
mole) over a period of 15 min a 25 °C (disgppearance of yellow colour). The excess borohydride
was decomposed with dilute HCI followed by the washing of the dlica ge cake with methylene
chloride. The resultant solution was washed with brine and dried over NaSO,4 Evaporation of the
solvent gave the 2-aryl- 1- nitroethane 223 (5.2 g, 89.19%) as a colorlessall.
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'H NMR (CDCL): d 3.25 (t, J= 8.0 Hz, 2H), 3.78 (s, 6H), 4.58 (t, J = 8.0 Hz, 2H), 6.34 (s, 3H); 1*C
NMR (CDCh): d 33.44, 55.02, 75.82, 99.05, 106.52, 137.83, 159.63, 161.10; Analysis calculated
for C1oH13NO4: C=56.86, H = 6.19, N = 6.63%; Found, C =57.48, H = 6.76, N = 7.66%.

1-[3-(3, 5 Dimethoxyphenyl)-2-nitro-1-pr openyl]-3, 5-dimethoxybenzene (225):

OMe
MeO 0 X O
NO,
OMe OMe

2-(3,5-Dimethoxyphenyl)-1-nitroethane (3.8 g, 0.018 mole), dimethylamine hydrochloride
(3.66 g, 0.045 mole), 3,5-dimethoxybenzaldehyde (197) (2.98 g, 0.018mole), toluene (50 ml) and
potassum fluoride (0.835 g, 0.0144 mole) were taken in a 100 ml RB flask fitted with a DeanStark
water separator and the mixture was refluxed for 10 hr. The solvent was removed to give crude
product. Chloroform (35 ml) and 0.2 N HCl (20 ml) were added to the crude materid and the
solution was heated on a water bath at 60 °C for 2 min. The chloroform layer was separated and the
aqueous layer was extracted with chloroform. The combined chloroform layer was washed with
water, followed by brine, dried over NaSO,4 and concentrated on rotary evaporator to give 225 as a
yellow solid (4.912 g, 76.27%); m.p. 97.4 °C.

IR (CHCl): 1596, 1325, 864 cmi’; *H NMR (CDCl): d 3.72 (s, 6H), 3.76 (s, 6H), 4.21 (s, 2H), 6.36
(s, 3H), 6.51 (d, J = 2.0 Hz, 1H), 6.57 (d, J = 2.0 Hz, 2H), 8.23 (s, 1H); **C NMR (CDCl): d 33.11,
55.06, 55.17, 98.61, 102.51, 105.71, 107.40, 133.64, 135.44, 138.64, 149.71, 160.99 and 161.14; M S
(m/2): 359 (M* 31), 342 (21), 325 (6), 313 (40), 297 (7), 282 (5), 267 (4), 237 (3), 175 (100) and 145
(30); Anaysis caculated for GgH21NOg: C = 63.50, H = 5.88, N = 3.89%; Found C = 63.66, H =
6.07, N = 3.88%.
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1-[3-(4-M ethoxyphenyl)-2-nitro- 1-pr openyl]-4-methoxybenzene (226):

A
NO,
MeO OMe

Yelow solid, mp. 75 °C ; *"H NMR (CDCl): d 3.79 (s, 3H), 3.84 (s, 3H), 4.23 (s, 2H), 6.86 (d, J =
6.0 Hz, 2H), 6.92 (d, J= 2.0 Hz, 1H), 7.13 (d, J = 6.0 Hz, 2H), 7.43 (d, J = 6.0 Hz, 2H), 8.23 (s, 1H);
M'S (m/z): 299 (M*, 68), 282 (45), 252 (100), 237 (75), 209 (25), 194 (18), 165 (30), 145 (60), 121
(42) and 91 (25).

1-[3-(3-M ethoxyphenyl)-2-nitro-1-pr openyl]-3-methoxybenzene (227):

SHN®

OMe OMe

Yellow solid, mp. 72 °C ; 'H NMR (CDCh): d 3.72 (s, 3H), 3.79 (s, 3H), 4.25 (s, 2H), 6.67-6.86
(m, 3H), 6.91-7.10 (m, 3H), 7.17-7.45 (m, 2H), 8.27 (s, 1H); M S (m/z): 299 (M*, 72), 282 (45), 252
(100), 237 (75), 221 (20), 194 (10), 178 (22), 145 (60), 121 (45).

1,3-Bis (3,5-dimethoxyphenyl) acetone OR 1,3-Bis-(3,5-dimethoxyphenyl)-pr opan-2-one (228):

MeO " AN " _Me
O
OMe OMe

The compound 225 (4.912 g, 0.0136 mole) was dissolved in ethanol (60 ml) and hot water
(60 ml). Iron powder (5.859 g, 0.104 mole) and ferric chloride (0.217 g, 0.00134 mole) were added
a once followed by a dropwise addition of 10 N HCI (7.0 ml). The mixture was heated a reflux with
dirring for 8 hr. It was then concentrated to hdf volume; the precipitated black iron oxide was
filtered and washed with hot water and ethyl acetate. The combined washings were extracted with
ethyl acetate, washed with brine, dried over sodium sulfate and concentrated on rotary evaporator to
give 228 as awhite solid (4.08 g, 90.36%); m.p. 102 °C.

IR (CHC): 1717 (-C=0), 3417 cm™* (endlic -OH); *H NMR (CDCl): d 3.63 (s, 4H), 3.76 (s, 12H),
6.24-6.31 (m, 4H), 6.33-6.38 (m, 2H); *C NMR (CDCl): d 49.10, 55.09, 99.16, 107.47, 136.03,
160.95; M'S (m/2): 330 (M*, 25), 179 (35), 151 (100), 121 (5); Analysis calculated for CigH2,0s :C =
69.07, H = 6.70%; Found C = 69.47, H = 6.27%.
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2-[1-(3,5-Dimethoxybenzyl)-2-(3',5'-dimethoxyphenyl) ethylidene] malononitrile (232):

MeO E O OMe
l NC CN '
OMe OMe

A  mixture of 1,3-bis-(3,5-dimethoxyphenyl)-acetone (228), (3.07 g, 0.0093 mole),
malononitrile (0.927 g, 0.01395 mole), anmonium acetate (1.80 g, 0.02325 mole) and glacid acetic
acid (11.16 g, 0.1860 mole) in dry benzene (50 ml) was refluxed with congtant sirring for 2 days.
The water formed during reaction was removed azeotropicdly. It was then cooled, washed with
water and extracted with ethyl acetate. The ethyl acetate layer was washed with brine, dried over
sodium sulfate and concentrated to give awhite solid (3.107 g, 88.36%); m. p. 120 °C.

IR (CHCl): 2232 cmit (-CN); *H NMR (CDCl): d 3.71 (s, 4H), 3.80 (s, 12H), 6.28 (d, J = 2.0 Hz,
4H), 6.34-6.44 (m, 2H); 13C NMR (CDCl): d 40.22, 54.96, 99.32, 106.89, 117.75, 136.15, 161.15,
179.79; M'S (m/z): 378 (M”, base peak), 363 (15), 347 (12), 332 (10), 239 (10), 225 (10), 175 (30),
151 (75), 121 (35); Analysis caculated for CoH22N2O4: C = 69.83, H = 5.85, N = 7.40%; Found C =
70.48, H = 6.25, N = 7.25%.

3-(3,5-Dimethoxybenzyl)-1-hydr oxy-6, 8-dimethoxynaphthalene-2-car bonitrile (240):

, CO -
NC
OMe

OH OMe

The mdononitrile 232 (0.300 g, 0.793 mmoal) in anhydrous THF (10 ml) a O °C containing
anhydrous zinc chloride (0.540 g, 3.96 mmol) was treated with hydrogen chloride gas for 10 hr. The
precipitare formed was filtered and dissolved in boiling water (20 ml). The mixture was heated a
reflux for 2 hr, then cooled and extracted with chloroform (2 ~ 20 ml), washed with brine and dried

over sodium sulfate. Evaporation of the solvent and purification by column chromatography gave
240 (0.258 g, 86%) as a buff colored solid; m. p. 186.3 °C.

IR (CHCh): 2185 (-CN), 3471 cmi* (-OH); *H NMR (CDCl): d 3.78 (s, 6H), 3.86 (s, 3H), 3.95 (s,
3H), 4.03 (s, 2H), 6.35-6.40 (m, 2H), 6.45-6.54 (m, 3H), 6.63 (s, 1H); 3C NMR (CDCl): d 40.71,
55.30, 56.00, 88.44, 97.78, 98.58, 98.82, 100.01, 107.52, 107.70, 115.97, 118.57, 139.75, 141.46,
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151.35, 159.07, 160.35 and 160.90; M S (m/z): 379 (M*, 75), 360 (15), 348 (13), 333 (10), 319 (10),
176 (13), 151 (15), 91 (7).

2-[1-(3,5-Dimethoxybenzyl)-2-(3,5-dimethoxyphenyl)-ethyl]-malononitrile (242):

MeO l O OMe
! NC” TCN !
OMe OMe

To a solution of 232 (0.5 g, 1.32 mmoal) in ethanol (10.0 ml) was added 10% pdladium on
charcoa (0.05 g) and dirred under hydrogen amosphere employing a hydrogen baloon a room
temperature for 8 hr. It was fltered on a celite bed and the filtrate was concentrated under reduced
pressure to give 242 (0.495 g, 98.60 %) as awhite solid; m. p. 127 °C.

IR (CHCL): 2190 cmi®; *H NMR (CDCly): d 2.55-2.91 (m, 5H), 3.76 (s, 12H), 4.24 (d, J = 10.0 Hz,
1H), 6.30 (s, 4H), 6.38 (d, J = 2.0 Hz, 2H); M S (m/2): 382 (M+2, 25), 365 (10), 334 (2), 299 (2), 231
(22), 214 (100), 152 (50), 122 (5) and 91 (12); Andysis calculated for CroH24N204: C = 69.46, H =
6.35, N = 7.36; Found C = 69.41, H = 5.89, N = 7.07.

4,6-Dihydroxy-2,7,9-trimethoxy-11a,12-dihydro-11H-naphthacen-5-one (243) and 6-hydroxy-
2,4,7,9-tetramethoxy-11a, 12-dihydro-11H-naphthacen5-one (244):

hoeeon

OH O OH OMe

The reduced nitrile 242 (0.260 g, 0.684 mmol) in anhydrous THF (10 ml) & O °C containing
anhydrous zinc chloride (0.335 g, 24 mmol) was trested with hydrogen chloride gas for 10 hr at
which time solid separated out. The reaction mixture was diluted with hot water (20 ml) and

refluxed for another 2 hr. The cooled mixture was extracted with chloroform (3 ~ 20 ml), washed
with brine and dried over sodium sulfate. Evaporaion of the solvent and purification of the crude
mixture by column chromatography gave compounds 243 and 244 as ydlow solids.

243: Yidd- 0.065 g, (26 %); m.p. 171 °C; IR (CHCh): 1624 cm* (-C = O); 'H NMR (CDCh): d
2.58-2.80 (m, 2H), 2.83-3.10 (m, 3H), 3.83 (s, 3H), 3.84 (s, 3H), 3.85 (s, 3H), 6.27-6.41 (m, 4H),
8.25 (s, 1H, enolic -OH), 13.63 (s, 1H, chelated -OH, DO exchangesble); *C NMR (CDCh): d
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35.52, 36.81, 55.42, 55.58, 96.47, 99.07, 105.05, 106.36, 112.37, 115.64, 130.04, 130.47, 139.63,
144.33, 159.07, 162.67, 165.78, 166.36, 188.49; M'S (m/2): 367 (M-1, base peak), 350 (60), 336
(30), 323 (15), 278 (8), 189 (16), 169 (32), 115 (8).

oo

OMe OH O OMe

244; Yidd-0.114 g, (44%); m.p. 148 °C; IR (CHCl): 1646 cmil; 'H NMR (CDCly): d 2.52-3.12 (m,
5H), 3.82 (s, 3H), 3.83 (s, 3H), 3.85 (s, 3H), 3.89 (s, 3H), 6.29-6.38 (m, 4H), 8.08 (s, 1H); °C NMR
(CDCh): d 31.89, 36.29, 36.56, 55.36, 55.61, 56.03, 97.69, 104.59, 104.93, 116.25, 117.80, 127.78,
134.10, 139.32, 146.13, 158.73, 161.84, 162.15, 163.65, 184.49; M'S (m/2): 365 (M- 17, 45), 352
(100), 334 (48), 321 (10), 299 (8), 267 (4), 235 (10), 214 (40), 189 (5) and 152 (15); Anaysis
calculated for CooH2,06: C = 69.83, H = 5.85%; Found C = 70.48, H = 6.25%.
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3.0.1 INTRODUCTION:

The definition of catalys is a substance whose presence makes physiologicad and chemicd
reactions proceed and itsalf does not get dtered during the course of the reaction. In other words
catadys is a substance that accelerates rate of chemical reaction but is not consumed in the reaction,
its mere presence evokes chemica actions, which could not take place in its absence.

A catdys may control a chemica reection by increesing the reactivity between molecules
brought into play in the reaction and by facilitating the interaction between the reacting molecules,
by loosening certain linkages or bonds within them. For example in oxidation resction caayst
activaies oxygen and helps the reactant to absorb oxygen. In cataytic hydration or dehydration,
catdys helps ether addition of water or remova of water during reaction process. In caadytic
hydrogenation, catalyst helps the addition of hydrogen to substance by ionizing hydrogen gas.

The basic concept of a catalys is that, a substance in a smal amount causes a large change; it
determines the path of a reaction eg. the decompostion of ethanol over dumina catdyss yields
ethylene and water; while over copper or dlver cataysts, acetadehyde and hydrogen are the
products. In cadytic hadogenation or dehadogenation catdyst heps addition or remova of haogens
by radicd or ionic mechanism. In adkylation or acylaion reactions, cadyds asss in formation of
cation as well as dabilizing it in the process.  In polymerization, catdyst polarizes the double bonds
or initistes the formation of free radicads. Catdys even hdps in rearrangement of groups within
interacting molecules to form isomeric compounds during isomerisation.

Thus the catidysts may be of different types, acids, bases, organometdlics, enzymes, polymer
supported, molecular deves, zeolites, clays, phase trander catdyss, metd and metd oxides,
trangtion metal complexes etic. They have the ability to catdyze a variety of chemica reactions
such as (& Condensation (b) Alkylation (c) Oxidation (d) Reduction (e) Hydrogenation (f)
Dehydrogenation g) Halogenation and (h) 1somerisation etc.

Cataytic reactions can ether take place in solutions or on surfaces. Mogt of meta ions or
hydrogen ions function as acid base catalysts or in éectron transfer resctions. Several organometallic
complexes were used as single dectron trandfer catdyst. Enzymes are a separate class of catayds,
without them the processes of life will not take place. Enzymes, which possess complex polymeric
dructure catayze biologica reections efficiently and function only a reativedy mild temperatures.
For example: (1) Breskdown of proteins and carbohydrates (2) Biosynthetic process that leads to

161



Chapter 3: Cat. Org. Transformations

growth and replacement of living organisms (3) Photosynthess (4) Cataytic oxidation processes
that convert food into CO,, H»O and energy etc.

Severd dumino-dlicates like zeolites, clays and molecular Seves are used as cadyds.
Zeolites bear catdytic dtes having microscopic cavities and are comparable to enzymes.  Zeolites
cadyze severd types of reactions like oxidaion, hdogendion, dkylaion or acylaion and
isomerisation reactions. Molecular Seves, which are amilar in structure to the zeolites, are also used
in acid catalyzed reactions. Clays and other layered materiads are dso used in acid or base catayzed
reections. Metas, metd oxides and metd sulfides some times used in combination with each other
are important as indudtria catalysts.  Pdladium, nickel and platinum as powders or on supports are
used in olefin hydrogenation in food indudtries. Copper, nickel, platinum etc. are used in carbonyl
reductions. The catalysts are classfied into two main types: 1) Homogeneous cataysts 2)

Heterogeneous catalysts.

1) Homogeneous catalysts: In recent years the term homogeneous catayss is gpplied more
soecificdly to the use of a solution of certain organometalic compounds in which a centrd meta
atom is surrounded by a regular pattern of aoms or molecules, known as ligands with which it is
coordinated. Homogeneous catdytic trangtion metd complex reections enhance seectivity
compared with heterogeneous catalytic reections. In homogeneous catalytic reections the catalysts
and reectants are present in one phase and a mgor disadvantage of this arises from the difficulty in
separating the product from the catalyds, this is a peculiar problem in large-scale conversons with
open reaction systems. The reactions of indudrid importance are primarily hydro-formylaion (oxo
gynthesis), carbonylation, addition of HCN and olefin polymerization.

2) Heter ogeneous catalysts: In heterogeneous catalyss the reaction takes place at the interface
between the catalysts and the less dense phase. In other words heterogeneous cataysis describes the
enhancement in the rate of a chemicd reaction brought about by the presence of an interface
between two phases. In generd much higher temperature is used in heterogeneous cataytic
reactions than in homogeneous catdytic ones. Heterogeneous catdysts can be divided naturadly into
two digtinct groups (@) Metals and (b) Non-metals.

The former group comprised largely of the metads of groups VIII and IB. The firg
mentioned are the most important. The heterogeneous catalysts can be easly recovered and reused
after activation.
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3.0.2 HYDROTALCITES (HT) - LIKE ANIONIC CLAYS AS A HETEROGENEOUS

CATALYST:

Hydrotdcite (HT)*™* like synthetic anionic days (dso caled layered double hydroxides,
LDHs) are more rare in nature than cationic clays (or clay minerds), but reaivey smple and
inexpensve to synthesze in laboratory and on indudrid scde.  Hydrotdcite (HT), a mixed
hydroxycarbonate of magnesum and duminium was firg discovered in Sweden around 1842 and its
name derives from the fact that it can be eadly crushed into a white powder smilar to tac.
Hydrotacite like anionic clays appeared in the patent and in open literature in connection with
various industrid gpplicaions.

Hydrotalcites (HT) are composed of postively charged brucite like layers of divaent and
trivalent meta hydroxides whose excess podtive charge is compensated by anions and water
molecules present in the interditid postions  The sructure® of these compounds consists of
brucite [Mg (OH),] type octahedra layers in which a part of the M (II) cations are isomorphoudy
subgtituted by M(I11) cations. The excess podtive charge of the octahedrd layers resulting from this
subdtitution is compensated for interstitia layers built of anions such as COs* and water molecules.,
Many names are used as a function of the compostion and nature of the polytype forms®
(Hydrotalcite, Mansseite, Sorgenite, Stitchite etc). They can be represented by the generd formula
[M(1D1-x M(111)x (OH)2] ** [(A™)wn Y HO] * where M (11) and M (1) are the divalent and trivalent
cations such as Mg, Cu', Ni*2, Co*?, Mn*?, zn' and A}, Fe, Cr'3, Ga™, V3, Ru*, Rh*
respectively, A" is an inter layer anion such as COs%, NO3", SO4% and x is the ratio of trivaent metd
which is in the range from 0.1 to 0.33. for example hydrotacite has the formula MgAl,(OH)16
CO3.4H,0 (Mg:Al = 3.1). The dructure of HT-like compounds can be best visudized by darting
with the structure of brucite [Mg(OH),], wherein each Mg ion is octahedraly surrounded by
hydroxyl groups (6 fold coordinated to OH). Each octahedron shares edges to form an infinite sheet
like structure™®. Some of the Mg?* are replaced by A" in the brucite sheet resulting in a net positive
charge on the clay sheets. The pogtively charged Mg-Al double hydroxide sheets (or layers) are
charge bdanced by the carbonate anions redding in the inter layer section of the clay dructure
(Fig.1)*. Thermd cecination of these materids leads to interactive, high surface aes, non
goichiometric and wdl dispersed mixed metd oxides which are eficiently used in many cataytic
transformations such as adol  condensation'!, epoxidation*?, cyanoethylation® and Meerwein
Ponndorf-Verley reduction.**
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A
[Mgs Al (OH)6]** 4.8A Brucite layer

o ¢
7.7A d (003)

[CO3]% . 4H,0 2.9A Inter layer

[Mgs Al, (OH)16)%*

Fig 1. Schematic presentation of Mg-Al hydrotacite

3.0.3 BASIC PROPERTIES:

Mg-Al hydrotacite materids upon thermd cacinaions a 450°C give a highly active mixed
oxide. The mogt interesting properties of the oxides obtained by cacingions are: 1) High surface
area 2) Basic properties.

Thermd trestments induce dehydration, dehydroxylation and loss of charge compensating
anions resulting in mixed oxides with MgO- type structures™® — The resulting materids possess
pronounced basic properties and are used potentidly as base catdyds. The high activity of these
materials is attributed to the presence of a large number of OH groups generated during rehydration
of thermdly activated hydrotacites, which act as Brongted basic sites with pK vaues in the range of
10.7-13.3 and a few sites with pK vaues 16.5™. It is suggested by Trifiro® et al. that the basic
properties of calcined hydrotalcite depend upon the Al (Al + Mg) ratio. When the amount of Al
increases, the totd number of basic sites decreases ', Thus for any base-catayzed reaction a
maximum in activity should occur for an optimum Al (Al + Mg) ratio. The optimum will depend on
the base strength needed to activate the particular resctant. It was observed™® that in case of
condensation between acetophenone and benzadehyde, a maximum activity occurs for Al (Al + Mg)
raio between 0.25 to 0.30. It was dso viewed that smdler crystdlites are more active than large
crysds, indicating that the stronger basic dtes, probably these occupied oxygens at corners, play an
important role in basic catdysts. Corma et al.’® compared the catdytic activity of CHT (calcined
hydrotalcite) with other base catdysts such as dkali exchanged zeolites and sepiolites. It has been
found that catalysts derived from hydrotacites are most active for condensation reactions.  Thus, it is
clear that hydrotalcite like anionic clays are superior than adkali exchanged Y-zeolites and sepiolites.
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3.0.4 APPLICATIONS OF HYDROTALCITE-LIKE MATERIALS IN ORGANIC
SYNTHESIS:

Hydrotalcites consst of Brucite-like layers having postive charge with anionic species in the
inter layer, forming neutra materids. Combination of different dements, changing the dement
ratios in the Brucite like layer and sdection of different anionic species can tune up the badcity of
the hydrotacites and the inter layer disance.  The high surface area and the basic properties of
hydrotdcite-like anionic cdays coupled with thema dability helps to utilize such maerids as
caadyss. The surface hydroxy groups of the hydrotacites act as basc dStes to promote many
sgnificant organic trandformations.

Layered double hydroxides (LDHs) or hydrotacite-like compounds (HTLCs) upon therma
decomposition at about 450 °C give a highly active homogeneous mixed oxide which is potentid
basc cadys used for a variety of organic transformations such as adol condensation, nucleophilic
haide exchange, dkylation of diketones, epoxidation of activated olefins with hydrogen peroxide or
Clasen-Schmidt condensationn.  Some of the important catalytic trandformations are discussed
below:

B. M. Choudhary et al.'*. paformed addol and Knoevenagel condensations with suitably
activated MgAIl hydrotacites as cadys in quantitative yidds, in the liquid phase under mild
reection conditions a a fadter rate for the fird time. A generd schematic diagram of reaction
between acetone and subdtituted benzaldehyde and condensation of different carbonyl compounds
with maononitrile or ethyl cyanoacetate is shown in Scheme-1 and 2 for adol and Knoevenage
condensation respectively.

Scheme-1

OH
R-CHO 4 CH,yCO-CH,—HI = R-CH-CH,-CO-CH,—2—= R-CH=CH-CO-CH, + H,0
Aldol Dehydrated product
Scheme-2
Rl\ CN
R;-CO-R, + NC-CH,-Y __HT C:C< + H,0
Rz/ Y

Figueras et al.®® found Mg-Al hydrotdcite to be highly active, reussble and ar steble caidyst
for cyanoethylation of adcohols (Scheme-3). These authors adso studied Mg-Al hydrotacite (Mg:Al
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= 31) cadyst for Meerwein-Ponndorf-Verley** reduction of carbonyl compounds in the liquid

phase.

Scheme-3

RO
R—OH + “>cn —H1— ~"cn

Kaneda et al'?. used the layered hydrotacite, MgioAl(OH)24CO3 as an efficient base catayst
for the epoxidaion of various olefins usng hydrogen peroxide in the presence of benzonitrile and
with MeOH as a solvent (Scheme-4).

Scheme-4
o)
™~ ~ H,0, PhCN NN -
CcC— C . o c— C
- N MgyAl,(OH),,CO; MeOH, 60 °C ~

The sdective C-monoakylation of 24 pentanedione with reactive akylating agents to give
diketones was carried out by Figueras et al'®. (Scheme-5).

Scheme-5

O 0

0] O
)J\/U\ + Rx —HT o /\%
R

The use of basic oxides obtained from hydrotacite precursors for the cyanoslylaions of
carbonyl compounds and nucleophilic ring opening of oxiranes usng TMSCN was demondrated by
Choudhary’s group?® (Scheme-6).

Scheme-6
o OTMS
)k Cal MgAICO, /}\ )
R Rt TMSCN, heptane R ¢cN R
RT, N, am
TMS R3
Ry O Re Cal MgAICO, Rt O\ / R4
TMSCN, heptane / \CN
R2 R4 RT, N, atm R
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Figueras et al®’. sudied adol condensation between acetone and different substituted
benzaldehydes using hydrotdcite as solid catdys. The nucleophilic drengths of the subdgituents
were dso sudied and the order was found to be as follows: p-NO>>m-Cl>p-CI>Me>p-OMe
(Scheme-7).

Scheme-7

OH O 0
CHO N
Q/ +  CHyco-cH, —HT .
R

Cormas group?® sudied Dazen's glycidic ester condensation reaction  between
benzal dehyde and ethylbromoacetate (Scheme-8).

R

Scheme-8

COOEt

CHO
©/ + BrCH,-COOEt —HT o o

Figuerass group efficiently carried out the first step for the production of citronitril'® i.e. the

Scheme-9

__CN
+ CN-CH,-COOEt HT ©/\>—<C02Et

condensation of benzylacetone with ethyl cyanoacetate (Scheme-9).

An intramolecular condensation of acetonylacetone using cdcined hydrotacite in MeOH
was found to give 3-methyl cydopent-2-ene-1-one®* (Scheme-10).
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Scheme-10
O O
(0]

Cu-Mg-Al hydroxycarbonate, derived from Cu-Mg-Al hydrotacite afforded the coupling of
phenylethyne to 1,4 —diphenylbuta-1,3-diyne in the presence of sodium hydroxide and oxyger?™.
This method is a practicd heterogeneous dternative to the conventiond homogeneous reaction such
as Glaser and Eglington reaction and Cadiot — Chodkiemicz reactiorf® (Scheme-11).

Scheme-11

L Cu-Mg-Al =
@1 + 12 0, Hydroxycarbonate \ 7 \_/

NaOH, n-butanol
Thus hydrotalcites are useful to effect various reactions of generd utility in organic conversons.
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CHAPTER-3

SECTION-I

DIASTEREOSELECTIVE SYNTHESIS OF NITROALCOHOL
DERIVATIVES OVER Mg-Al HYDROTALCITES
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3.0.5 INTRODUCTION:

Carbon-carbon bond forming reection is of fundamenta importance in organic chemidry. In
1895 Louis Henry?’ discovered the reaction which is currently known as the Henry or nitroaldol
reection. The Henry reaction is one of the classcd C-C bond forming processes, in which
diastereomeric mixtures of 2-nitroalcohols which are versdile intermediates are formed on treatment
of primary or secondary nitrodkanes and carbonyl derivatives with a base®®. It is dlear that the Henry
reaction is an adol-type reaction and the deprotonation of primary and secondary nitroakanes with a
whole range of different bases for generating the corresponding nitronate monoanions conditutes the
first step of the sequence (Scheme-12).

Scheme-12
S, o
PN ‘B '
RTONO, =—=—= | R">NO, =<—= R IND RCHQ
:BH \o
NO, NO,
R’ BH R’
R = = R
O OH

The Henry reection and some of its recent improvements have found numerous gpplications
in assembling carbon atoms and functiond groups to build natura products dructures with high
chemo- and regio- Sdectivity. Severa base catadyds including adkdi metd hydroxides, carbonates,
dkoxides, anion exchanged resns, organic amines, SO, / microwave?® dumina surface®
Amberlyst A-21,%  potassum exchanged layered zirconium phosphate® rhodium complex,?
tetramethyl  guanidine®® NaOH-catdlysed process in the presence of  cetyltrimethylanmonium
chloride (CTACI);** dendritic catalyst,®® proazaphosphatranes®® LAH,% etc have been employed to
bring about the Henry reaction.

3.0.6 UTILITY OF HENRY REACTION:

The potentid utility of the reaction as a chain-lengthening tool can be illusrated by the grest

importance of 2-nitroacohols as pivotal synthetic intermediates in synthess. They can be converted
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into R-amino &ocohol derivatives induding chloramphenicol?®,  ephedrine, norephedrine and
anthracydline antibiotics®”.

OH OH

CH ~ TOH
NHCOCHCI, NHR
O,N
Chloramphenicol Ephedrine R =CH,

Norephedrine R=H
Reduction of the nitro group with lithium aduminum hydride®® duminum amdgum®

hydrogen and palladium on carbon,*® hydrogen and plainum* or using Raney nicke*? affords the
corresponding amino compounds.  Vicind amino acohols have a broad dgnificance in organic
chemistry and their biologica relevance can be seen in the dtructure of epinephrine (adrendin) and
rdated mediators of the symapathetic nervous system™® as wel as in the chemistry and biochemistry

Scheme-13
OH
CHO oH
L e 1T %
R NO, 98.7% R 2
R=H R=H
R=NO, R =NO,

of sphingolipids®’® and in the structure of some carbohydrate components of a group of biologically
important anthracydline antibiotics®”. When benzaldehyde was trested with 2-nitroethandl in the
presence of triethylamine as cadys DL-threo-1-phenyl-2-nitropropane-1,3-diol which is important
as an intemediate in an industrid synthesis of the antibiotic chloramphenicol?® was obtained in
98.7% yidd, with >95% ds.

2-Nitroadcohols can be oxidized to give the corresponding 2-nitro-ketones. The utility of
liner a-nitro ketones has been increased recently by the discovery of some direct*® and indirect®®
procedures to effect the replacement of the nitro group by hydrogen. Severd functionalised
nitroakanes have been reported to be useful functiondized dkyl anion synthons in the synthess of
natural products via 2-nitro alcohol and anitro ketone intermediate™* 2%, However, the conversion of
2-nitrodcohols into conjugate nitroalkanes can be conddered by far the most important. This
reaction can be accomplished by dehydration with severad reagents. Conjugated nitrodkenes are
intermediates of a certan importance and there is a wide range of efficient methods for ther
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transformations into other functiondities Among them the sdective reduction to nitroalkanes™ and
the conversion of the laiter into their corresponding ketones by the Nef reectior?®® play a very
important role. This key reaction which effectivdly reverses the polarity of the neighboring carbon
from a potentialy nucleophilic to an eectrophilic one, is of great strategic importance™.

3.0.7 Problems Experienced in Henry Reaction:

Since basic reagents are dso catdyds for the adol condensation and for the Cannizzaro
reaction when ddehydes are used as carbonyl sources, it is necessary to adopt experimenta
conditions to suppress these competitive reactions®>®. To obtain better yields of 2nitro dcohals it is
necessary to carefully control the bascity of the reaction medium. The concentration of carboryl
components aso has to be kept to a minimum for a sufficient rate of reaction avoiding adol
condensation and the Cannizzaro reaction. Furthermore, 2-nitro acohols formed in the Henry
reaction may undergo base catdysed eimination of water to give a-nitroakenes’® which reedily
polymerize. This dimination is difficult to avoid when aryl ddehydes and ketones are used.

Recently, severa improved methods have been devised to overcome the many drawbacks of
the Henry reaction by increesng their chemo-, regio-, and in specific cases, stereosdectivity. The
Henry reaction performed usng commercid chromatogrgphic dumina in the absense of solvent gave
mixtures of diastereomeric 2-nitroacohols after 24 hours’’. However, the lack of stereosdectivity is
due to the revershility of the reaction and easy epimerisation at the nitro-substituted Gatom. Barette
and coworkers*® recently have discovered an experimentdly simple procedure for stereosdective
preparation of erythro-2-nitrodkanols in which dkyl nitronates were reacted with adehydes in the
presence of isopropoxytitanium trichloride to give erythro 3-nitrodcohols. The method works well
in the case of eectron-deficient aromatic adehydes but less efficient with diphatic ddehydes.

Hanessaf? has observed some variation in sdectivity in the reaction of (S)-(benzyloxy)
propionadehyde with methyl 3-nitropropionate usng zinc or magnesum sdts and potassum  tert-
butoxide in THF (Scheme-15).

Scheme-14
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High erythro sdectivity (4:1-> 19:1) was aso observed in the fluoride-catdyzed reaction of
glylnitronates with adehydes. Limitation of this method is that the experimenta conditions were
criticaly precise for success. Known acetonide (no) of (2S 3R)-1-nitro-2, 3, 4-butanetriol was
further protected with a THP group (no) to afford the dilithio derivative which gave (no) on
trestment with akyl lithium and combined with benza dehyde to furnish single diastereomer.

Scheme-15

/ OH NO
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Sgnificant improvements to the Henry reection have been achieved by dlyl nitronates in the
presence of fluoride ion or dternatively a a-doubly deprotonated primary nitroalkanes are reacted
with adehydes to give the intermediate nitronate akoxides. Kinetic reprotonaion a -100 °C in polar
solvents (THF with HMPA or DMPU) gave the nitro dcohols enriched in threo diastereomer. Both
of these procedures discovered by the Seebach group®®®°, have proved to be useful for the
dereosdective preparation of vicind amino acohols. However, the conditions reported are dradtic
and reduced diastereosdectivity is observed with aromatic adehydes. A dereosdective synthess of
ether of the erythro or threo isomerswould be highly desirable.

Hence to obtain better yields and diastereosdectivity of 2-nitrodcohols, it is necessary to
develop new procedures employing heterogeneous cataysts with basc character. The development
of new catdysts, which can effectively overcome the problems experienced in the Henry reection,
should heighten the synthetic scope of the reaction. In this connection, the use of a heterogeneous
cadyds in the liquid phase offer severd advantages with their homogeneous counterparts such as
ease of recovery, recycling and enhanced stability and their potentid should be explored for Henry
reaction.
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3.0.8 Present work:

Stereochemical  control in nitroaldol reactions continues to be a chalenge for organic
chemists*® In the present work, the results on the diastereosdective synthesis of nitroakanols from
adehydes and nitrodkanes catdyzed by Mg-Al hydrotacite (HT) are described. In the course of our
work on the modifications of the nitroaldol reaction, when adehydes were treated with an equimolar
amount of nitroethane in the presence of cataytic amount of Mg Al-hydrotacite under reflux in
THF, the corresponding nitroalcohols were obtained in good to excellent yields.

Scheme-16

R—cHO + R NO, —— R/\‘/ R/'Y

R= alkyl, aryl R'=H, Me, Et, etc
threo (maJor) erythro (minor)
i) Mg-Al -HT (20% w/w), THF, reflux, 6-8 h

We noticed in severa cases that the derivatives isolated were diastereomericaly enriched.
The results of the Henry reaction between 3-nitrobenzadehyde and nitroethane over various
hydrotacites are presented in the Table 1. A comparison of the results in Table 1 shows that among
the catdysts screened, Mg-Al (3:1) gives best reaults for the Henry reaction. The higher activity of
this catayst is due to high surface area (176 nt 1) associated with this catalyst.
Table 1. Resaults of the Henry reaction betwteen 3-nitrobenzadehyde and nitroethane over various
hydrotacites”

Entry Catalyst Surface area® (Nt g) Yidd® (%)
1 MgAIl 3.0HT 176 95.5
2 MgAIl 40 HT 125 72.2
3 MgAI 50 HT 150 815
4 ZnAl 30HT 135 77.6
5 CuAl 3.0HT 154 81.7

a: Reaction conditions: 3-Nitrobenzaldehyde (5mmol), nitroethane (5mmol), catalyst (20%w/w), THF (10ml), reflux 6-
8h. b: Surface area determined by N, adsor pation-desor ption method. c: Isolated yield after column chromatographic

puricatioon
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Table 2 ligs the results of different types of adehydes that have been condensed with
nitroalkanes to the corresponding nitroalkanols in high yieds usng Mg-Al (3:1) as a cadys. Both
aomatic and diphatic adehydes could be employed successfully for Henry reection affording the
corresponding nitroalkanols in high yidds High chemosdectivity is obsaved snce seved
functiondities such as hydroxyl groups, tetrahydropyranyl, C-C double bond and furyl are preserved
under these conditions. It is to be noted that both primary and secondary nitrodkanes can be
employed. Contrary to other methods, the success of this approach is independent from the ratio of
catayst/substrates and does not need longer reaction time @ dehydrations of the 2 nitroacohols into
nitroakenes did not take place even if aromatic addehydes are used. The catdyst from the reaction
mixture was recovered by smple filtration and was successfully reused, after activation a 450 °C,
for two times without loosing its activity and stereosd ectivity.

After this work was publisheds:, we received a request from NIH, USA for
sending the 1-(2-chlorophenyl)-2-nitrobutan-1-ol (262) (Entry-6, Table-2) for
screening it for anticancer activity. We had supplied the above sample and in
preliminary tests it was found to be active in case of lung cancer (NCI-H4 60),
Breast cancer (MCF7) and central nervous system cancer (SF-268).

3.0.9 MECHANISM AND DIASTEREOSELECTIVITY:

Mg-Al hydrotacite maerids upon thermd cdcinaion a 450 °C give highly active mixed
oxides. The high activity of these materids is dtributed to the presence of a large number of OH
groups generated during rehydration of thermaly activated hydrotdcite, which acts as Brongted
basic sites with pKa in the range of 10.7-13.3 and few sites with pKa =16.5.1° It is presumed that this
badcity is respongble for the cataytic activity and sdlectivity by dtracting acidic proton from the
nitroakanes followed by its addition onto aldehydes. It is observed that in dl 9 cases sudied threo
isomer is formed predominantly (Table 2). Paticularly in the case of nitroddols derived from 4-
nitrobenzaldehyde, 2-chlorobenzaldehyde and 2-chloroquinoline-3-carboxadehyde (entries 7, 8 and
10), exclusive formation of threo isomer has been obtained based on ther 'H and *C-NMR and
G.L.C. andyss. In ther *H-NMR spectra the vicind coupling congtants (7.3 - 8 Hz) between the a-
N-C-H and the a-O-C-H have dearly confirmed the formation of threo isomer. These outcomes may
be rationdized in terms of trangtion state models based on closed chair-like dructures involving
coordination between the two oxygen atoms and the meta center (Scheme-17).
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Entry Substrates Nitrodkanes  t(h) Products’ Yidd® threo:erythr
1 Benzadehyde Nitroethane 6  1-Phenyl-2-nitropropan 87 3251
1-dl (257)
2 3-Nitrobenzaldehyde Nitroethane 6  1-(m-Nitrophenyl)-2- 95 1251
nitroproparn1-ol (258)
3 4-Nitrobenzadehyde 1-Tetrahydro 8  1-(p-Nitrophenyl)-2- 72 -
pyranyloxy-2- nitro-3-tetrahydro
nitroethane pyranyloxypropan -1-ol
(259)
4 Sdicylddehyde Nitroethane 8  1-(o-Hydroxyphenyl)-2- 45 -
nitropropan1-ol (260)
5 4-Methoxy- Nitroethane 8  1-(p-Methoxyphenyl)-2- 62 1.23:1
benza dehyde nitropropan-1-ol (261)
6 2-Chloro- 1-Nitropropane 6  1-(o-Chlorophenyl)-2- 89 153:1
benza dehyde nitrobutant1-ol (262)
7 4-Nitro- Nitroethane 6  1-(p-Nitrophenyl)-2- 84 100:0
benza dehyde nitropropan1-ol. (263)
8 2-Chloro- Nitroethane 6  1-(o-Chlorophenyl)-2- 82 100:0
benza dehyde nitropropan-1-ol (264)
9 Furan-2- Nitroethane 6 1-(2-Furyl)-2- 74 151
Carboxadehyde nitropropan1-ol (265)
10  2-Chloroquindline- 3- Nitroethane 8 1-(2-Chloro-3- 88 100:0
carboxadehyde quinolinyl)
- 2-nitropropan-1-ol
(266)
11 3-Nitrobenzadehyde 2-Nitropropane 8  1-(m-Nitrophenyl)-2- 80 -
nitro- 2- methylpropan-1-
ol (267)
12 Cinnamddehyde Nitroethane 6  1-Styryl-2-nitropropan-1- 41 1.25:1
ol (268)
13  nHexand Nitromethane 6  1-Nitromethyl- 1- hexanol 82 -
(269)
14  Propionadehyde Nitromethane 6  1-Nitromethylpropan1- 77 -

d (270)

a: Products were characterized by IR, *H, *CNMR and M.S.

b: Isolated yield after column chromatography.

c: Average ratios were calculated from ** C NMR signals (50.3 MHz) and/or "H NMR signal intensities.
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Table 2. Mg-Al hydrotacite-catayzed nitroaldol reaction between adehydes and nitroakanals.

Entry Substrates Nitroalkanes  t(h) Products® Yidd®  threo:erythro®
1 Benzaldehyde Nitroethane 6  1-Phenyl-2-nitropropan-1-ol 87 3251
(257)

2 3-Nitro- Nitroethane 6  1-(m-Nitrophenyl)-2-nitropropan- 95 1251
benzaldehyde 1-ol (258)

3 4-Nitro- 1-Tetrahydro 8  1-(p-Nitrophenyl)-2-nitro-3- 72 -
benzaldehyde pyranyloxy-2- tetrahydro pyranyloxypropan -1-

nitroethane ol (259)
4 Sdlicylaldehyde Nitroethane 8  1-(o-Hydroxyphenyl)-2- 45 -
nitropropan-1-ol (260)

5 4-Methoxy- Nitroethane 8  1-(p-Methoxyphenyl)-2- 62 1231
benzaldehyde nitropropan-1-ol (261)

6 2-Chloro- 1-Nitro- 6  1-(o-Chlorophenyl)-2-nitrobutan- 89 153:1
benzaldehyde propane 1-ol (262)

7 4-Nitro- Nitroethane 6  1-(p-Nitrophenyl)-2-nitropropan- 84 100:0
benzaldehyde 1-ol (263)

8 2-Chloro- Nitroethane 6  1-(o-Chlorophenyl)-2- 82 100:0
benzaldehyde nitropropan-1-ol (264)

9 Furan-2- Nitroethane 6  1-(2-Furyl)-2-nitropropan-1-ol 74 151
carboxaldehyde (265)

10  2-Chloroquinoline-  Nitroethane 8 1-(2-Chloro-3-quinalinyl) 88 100:0
3-carboxaldehyde

- 2-nitropropan-1-ol (266)

11 3-Nitro- 2-Nitro- 8  1-(m-Nitrophenyl)-2-nitro-2- 80 -
benzaldehyde propane methylpropan-1-ol (267)

12 Cinnamaldehyde Nitroethane 6  1-Styryl-2-nitropropan-1-ol (268) 41 1251

13  n-Hexand Nitromethane 6  1-Nitromethyl-1-hexanol (269) 82 -

14 Propionaldehyde Nitromethane 6  1-Nitromethylpropan-1-ol (270) 77 -

a: Products were characterized by IR, *H, *CNMR and M.S.

b: Isolated yield after column chromatography.

c: Average ratios were calculated from **C NMR signals (50.3 MHZ) and/or *"H NMR signal intensities.
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From scheme-17, it can be readily visudized that the trandtion State A leading to ant
product is favored, wheress the trangtion state B has dteric interactions between Ph and O groups
leading to energeticaly less favoured species. Also if it is assumed that chelated products are more
likely to be thermodynamicdly more stable than nonchelated ones, this outcome may be rationalized
by considering the Newman projections C and D for two adolates.

H AI-HT + OH
\\‘\\O

O Mg‘“‘/ favored
_—

threo
H O
/ ®
N OMg—AI-HT —— OH
h CH
CHs3 O 3
NO,
erythro

Scheme 17 : Trangtion sate gructures for the nitroaldol reaction

For the threo ddolates, it can be seen that gauche interactions in C are minimized reldive to
confirmation D of the erythro adolate (Fig. 2).

P P
Ht\ CH HsC H D

H H
/
HO NO, HO NO,
threo erythro
C D

Fig. 1. Newman projections of threo and erythro aldolates
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3.0.10 CONCLUSION:

In summary we have shown tha the MgAI hydrotdcite is an effective and convenient
caadys for the condensation of nitrodkanes with ddehydes producing threo-nitroddols in high
yields and high diastereosdlectivity. We have aso shown that this new solid base catalys is practica
dterndtive to soluble bases in Henry reections in view of the following advantages high cataytic
activity under mild liquid phase conditions, easy separdtion of the catldys by smple filtration waste
minimization and possibility of reuse.
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3.0.11 EXPERIMENTAL:

Preparation of the Mg-Al hydrotalcite (3:1) catalyst:

Two separate solutions namely solution A containing Mg(NOs)..6H,0 (115.38 g, 0.45 mole)
and AI(NO3)3.9H,O (56.27 g, 0.15 mole ) in 300 ml of didilled water and solution B cotaining
NaOH (30 g) and N&CO3 (15 g) in 200 ml of ditilled water were prepared at room temperature.
Both solutions A and B were added smultaneoudy through a burette to a 1 L beaker containing 300
ml of didilled water a room temperature. The rate of addition of meta nitrates was maintained a
about 60 mi/h., while the pH of the reaction mixture was maintained akaine by adjusing the flow
rate of solution B. After completion of addition of solution A, the resulting durry was digested a 65
°C for 30 min. with congant dirring. The resulting precipitate was washed with didtilled water
severd times until the pH of the filtrate was 7.0. The catdyst was then dried a 100 °C and cacined
at 450 °C respectively for 8 h in air. The other ratios of the above catayst, Mg-Al 4.0, 5.0 were
prepared by following the above procedures smilaly, other catayss, Zn-Al 3.0 and Cu-Al 3.0,
were prepared using Zn(NOs), and Cu(NOs), respectively.

General procedurefor the preparation of 2-nitroalcohals:

A solution of subdtituted benzadehyde (2 mmal), nitrodkane (2 mmol) and Mg-AI-HT (3:1)
(100 mg, 20%w/w) in THF (10 ml) was refluxed under nitrogen atmosphere for 6 h. The progress of
the reaction was monitored by TLC (10% EtOAc in pet ether), the catayst was filtered off and the
product purified by flash chromatography (6% EtOAcC in pet-ether as duent) to afford nitropropan-1-
ol (41-95%). Spectrd data for entries 1, 2, 5, 6, 9 and 12 sudied for the predominant threo

selectivity given are for the mixtures of diastereomers.
1-Phenyl 2-nitropropan-1-ol (257):%2
OH

NO,

Visoous liquid; IR (Neat): 3500, 1552 cmt; *H-NMR (CDCh): d 1.3 and 1.5 (d, = 7.3 Hz, totd
3H), 2.75 and 2.85 (d, J= 4.0 Hz, total 1H), 4.6-4.9 (m, 1H), 5.05 (dd, J= 8 Hz and 4Hz) and 5.40 (t,
J=4Hz), total 1H, 7.4 (s, 5H); 3 C-NMR (CDCh): d 12.3, 16.6, 74.1, 76.4, 87.6, 88.6, 126.1, 127.1,
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128.4, 128.6, 128.9, 129.1, 129.3, 138.6, 138.8; M'S (m/2): 181 (M*, 5), 107 (100), 91 (25), 77(77)
and 57 (65).

1-(3-Nitrophenyl)-2-nitr opropan-1-ol (258):
OH

NO.

NO,

Greenish solid, m.p. 74 °C; IR (Nujol): 3510, 1520 cm; *H-NMR (CDCh): d 1.40 and 1.50 (d, =
7.3 Hz, total 3H), 3.46 (d, = 4 Hz, 1H), 4.70-4.85 (m, 1H), 5.22 (dd, J= 7.5 and 4.0 Hz and 5.55 (t,
JE 4Hz), totd 1H, 7.60 (t, J = 8.1 Hz, 1H), 7.70-7.80 (m, 1H), 8.15-8.30 (m, 2H); *C-NMR
(CDCl): d 12.0, 16.2, 73.0, 75.1, 87.0, 88.0, 122.0, 124.0, 130.2, 133.2, 140.7, 148.5; M S (m/2):
226 (M", 3), 179 (44), 149 (100), 105 (40), 90 (10) and 77 (51); Ana. Calcd. For CoHyoN2Os C =
47.79, H = 4.45, N = 12.38%; Found C =47.51, H = 4.58, N = 12.52%.

1-(4-Nitr ophenyl)-2-nitro-3-tetr ahydr opyr anyloxypr opan-1-ol (259)*8%:

OH

OTHP

NO

2
O,N

Viscous liquid; IR (Neat): 3440, 1558 cit; *H-NMR (CDCh): d 1.4-1.9 (m, 6H), 3.3-3.8 (m, 2H),
3.9-41 (m, 1H) 4.1-42 (m, 1H), 45-4.6 (m, 1H), 4.8-4.9 (m, 1H), 5.35-5.6 (m, 1H), 7.65 (d, J= 8
Hz, 2H), 8.25 (d, = 8 Hz, 2H); Ana. Calcd. For Gi4H1gN>0O; C = 51.53, H = 555, N = 8.58%;
Found C =51.01, H = 5.78, N = 8.03%.

1-(2-Hydroxyphenyl )-2-nitr opr opan-1-ol (260):
OH

NO,
OH 2

Visoous liquid; IR (Neat): 3510, 1551 cm?; *H-NMR (CDCh): d 1.35 (d, = 7 Hz, 3H), 3.9 (bs,
1H), 4.45 (g, = 4.5 Hz, 1H), 4.9-5.1 (m, 1H), 6.8-7.5 (m, 4H); M S (m/2): 197 (M*, 5), 179 (2), 132
(15), 123 (73), 121(100), 105 (16), 93 (10), 77 (15) and 66 (10). Ana. Cacd. For CoH11NO4 C =
54.82, H=5.61, N = 7.1 %; Found C = 54.20, H = 5.8, N = 7.3 %.
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1-(4-M ethoxyphenyl) —2-nitropr opan-1-ol (261):
OH

NO,
MeO

Viscous liquid; IR (Neat): 3500, 1630 cmt; *H-NMR (CDCl): d 1.30 and 1.50 (d, = 8.1 and 6.5
Hz, total 3H), 2.80 and 2.85 (bs, total 1H), 3.84 and 3.85 (s, total 3H), 4.60-4.85 (m, 1H), 4.90 and
535 (d, = 10 and 5.4 Hz, tota 1H), 6.90 (d, = 8 Hz, 2H), 7.35 (d, = 8 Hz, 2H); *C-NMR
(CDClh): d 12.4, 16.4, 55.2, 73.8, 75.8, 87.5, 88.5, 114.3, 127.2, 128.1, 130.4, 130.6, 159.6, 160.1;
M S (m/2): 211 (M*, 5), 137 (100), 135 (35), 109 (28), 94 (18), 77 (40) and 65 (15). Anal. Calcd. For
Ci10H13NO4 C=56.89, H = 6.20, N = 6.63 %; Found C =56.32, H = 6.82, N = 6.28 %.

1-(2-Chlor ophenyl )-2-nitrobutan-1-ol (262):

OH

o No

Visoous liquid; IR (Neat): 3514, 1549 cmit; *H-NMR (CDCh): d 0.9-0.98, (two triplets merged
together, total 3H), 1.5-1.8 (m, 2H), 2.0-2.25 (m, 1H), 2.9 and 3.1 (bs, tota 1H, —OH), 4.65-4.80 (m,
1H), 5.60 (d, J = 8 Hz) and 5.65 (d, J = 4 Hz), total 1H, 7.2-7.6 (m, 4H); *C-NMR (CDCl): d 10.4,
10.6, 19.9, 23.6, 71.1, 71.2, 91.7, 94.9, 127.4, 127.8, 128.3, 129.8, 130.0, 130.1, 132.8, 135.9, 136.6;
MS (m/2): 229 (M*, 5), 182 (8), 143 (28), 141 (100), 125 (25), 111 (32), 91 (15), 77 (95) and 57
(41). Anal. Calcd. For CigH1oNO3sCl C=52.29, H = 5.26, N = 6.09, Cl = 15.45 %; Found C = 52.56,
H =5.42,N = 6.7, Cl = 15.32 %.

OH

ON

1-(4-Nitr ophenyl )-2-nitropropan-1-ol (263):34

Solid, m. p. 91 °C; IR (Nujol): 3460, 1550 cm*; *H-NM R (CDCl): d 1.27 (d, = 7.3 Hz, 3H), 3.50
(s, 1H, -OH), 4.65-4.81 (m, 1H), 5.21 (d, k= 8.2 Hz, 1H), 7.48 (d, =8.0 Hz, 2H), 8.22 (d, = 8 Hz,
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2H): 3 C-NMR (CDCl): d 16.4, 75.2, 88.0, 124.2, 128.1, 145.5, 148.5; M S (m/2): 226 (M*, 5), 179
(32), 151 (100), 134 (15), 115 (12), 105 (48) and 77 (42).
1-(2-Chlorophenyl )-2-nitropropan-1-ol (264):

OH

NO,
c 2

Viscous liquid; IR (Neat): 3512, 1548, 1462, 1282, 1196, 1098, 1050, 992, 884, 700 cni’; *H-NMR
(CDCh): d 1.4 (d, J= 7.0 Hz, 3H), 2.85 (d, J= 4.0 Hz, 1H, -OH), 4.80-4.90 (m, 1H), 5.55-5.62 (m,
1H), 7.2-7.4 (m, 3H), 7.5 (d, J= 7.0 Hz, 1H ); *C-NMR (CDCk): d 16.1, 72.0, 88.3, 127.8, 1284,
130.0, 130.2, 132.9, 136.4; M S (m/2): 215 (M*, 5), 168 (10), 141 (100), 138 (52), 110 (18) and 76
(8); Andl. Calcd. For CoHyoNOsCl C=50.12, H = 4.66, N = 6.49, Cl = 16.46 %; Found C = 50.51, H
= 4.85,N = 6.83, Cl = 16.43 %.

1-(2-Furyl)-2-nitr opropan-1-ol (265)** :

NO,
I\

(¢}
OH

Visoous liquid; IR (Neat): 3500, 1530 cmt; *H-NMR (CDCk): d 1.4 and 1.7 (d, J= 7.2 tota 3H),
2.8 and 2.9 (d, J= 4.8 Hz, total 1H), 4.8-5.15 and 5.3-545 (m, total 2H), 6.35-6.55 (m, 2H), 7.40-
7.50 (d, = 7 Hz, 1H); ¥*C-NMR (CDCk): d 13.2, 16.2, 69.0, 69.5, 85.1, 86.5, 92.3, 108.2, 109.5,
110.7, 142.9, 143.4, 150.9, 151.5; M S (m/z): 171 (M, 5), 124 (121), 108 (5), 97 (100) and 83 (42).

1-(2-Chloro-3-quinalinyl)-2-nitr opr opan-1-ol (266):
OH

N Cl

Solid, m.p. 88 °C; IR (Nujol): 3540, 1540, cmi; *H-NMR (CDCk): d 1.5 (d, J= 7.2 Hz, 3H), 3.65
(bs, 1H), 5.05 (g, J= 7.2, Hz, 1H), 5.95 (s, 1H), 7.61 (t, J = 8 Hz, 1H), 7.78 (t, J = 8 Hz, 1H), 7.90 (d,
J =8 Hz, 1H), 8.02 (d, J = 8 Hz, 1H), 85 (s, 1H); *C-NMR (CDCk): d 11.1, 70.3, 83.9, 127.3,
127.9, 128.3, 130.4, 131.4, 138.0, 147.5; M'S (m/z): 266 (M*, 5), 219 (42), 192 (95), 127 (100), 100
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(45), 74 (60) and 57 (42); Andl. Calcd. For CioH1iN,O3Cl C = 54.03, H = 4.15, N = 10.50, Cl =
13.30%. Found C = 54.53, H = 4.32, N = 10.83, Cl = 13.63 %.

1-(3-Nitr ophenyl)-2-nitro-2-methylpr opan-1-ol (267)°°:

OH

e

NO,

Solid, m.p. 151 °C [Lit>® m.p. 154-156 °C]; IR (Nujol): 3480, 1552 cm!; *H-NM R (CDCh): d 1.49
(s, 3H), 1.58 (s, 3H), 3.1 (bs, 1H, —OH), 5.4 (s, 1H), 7.6 (t, J= 8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H),
8.10 (d, J = 8.0 Hz, 1H), 8.30 (s, 1H); M'S (m/z): 240 (M*, 5), 194 (25), 151(42), 105 (45), 89 (78),
77 (100), 74 (33), 65 (12) and 57 (12).

1-Styryl-2-nitropropan-1-ol (268)%2:

Visoous liquid; IR (Neat): 3438, 1550, 1496, 1390, 1300, 1026, 972, 872, 696 cm’; H-NMR
(CDCh): d 1.6 and 1.7 (d, J= 8.1 Hz, total 3H), 2,55 (bs, 1H, -OH), 4.55-4.75 and 4.80-4.95 (m, total
1H), 6.2 (dd, J= 12 Hz, 4 Hz, 1H), 6.8 (d, = 12 Hz, 1H), 7.20-7.50 (m, 5H); *C-NMR (CDCl): d
13.0, 16.1, 73.4, 74.8, 86.3, 87.4, 125.4, 126.8, 128.1, 128.4, 128.6, 128.8, 129.0, 133.7, 134.8,
135.8; M S (m/2): 207 (M*, 5), 160 (25), 133 (52), 115 (45), 103 (38), 91 (100), 77 (55), 65 (5) and
55 (81).

1-Nitromethyl-1-hexanol (269):

OH

K

NO,

Viscous liquid; IR (Neat): 3492, 1570, 1496, 1296, 1210, 1132, 1090, 944, 884, 726 cm*; *H-NMR
(CDCl): d 0.88 (bt, 3 H), 1.1-1.2 (bs, 4 H), 1.5-1.6 (bs, 4 H), 2.6 (bs, 1H), 4.1-4.3 (m, 1H), 45-4.6
(m, 2H); M'S (m/2): 161 (M", 5), 97 (15), 90 (22), 81 (40), 69 (45), 55 (100) and 54 (75); Andl.
Calcd. For C;H1sNOs C =52.16, H = 9.37, N = 8.68%; Found C = 52.08, H = 9.70, N = 8.12 %.
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1-Nitromethyl propan-1-ol (270):

Visoous liquid; IR (Neat): 3490, 1558 cmit; *H-NMR (CDCl): d 1.05 (t, J = 8.1 Hz, 3H), 1.45-1.65
(m, 2H), 2.7 (b s, 1H), 4.22-4.3 (m, 1H), 4.4-455 (m, 2H); M S (m/z): 119 (M*, 5), 99 (10), 90 (40),
75 (55), 62 (70) and 55 (100); Anal. Calcd. For C4HgNOs C = 40.33, H = 7.60, N = 11.75%; Found

C=239.83, H=7.23, N =12.26 %.
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CHAPTER-3

SECTION - II

TRITON B CATALYZED NITROALDOL CONDENSATION IN AQUEOUS MEDIA
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3.1.1 INTRODUCTION:

In organic synthesis it is frequently necessary to bring about the reactions of inorganic, ionic
reegents (bases, nucleophilic or oxidizing agents etc) with a covaent organic compound. For
reaction to occur under conventional, homogeneous conditions both these dissmilar species must
have some solubility in the reaction medium, which accordingly may be a mixture of water and
water-miscible solvent such as alower acohol, acetone, THF eic.

Phase trander cadyss (PTC) methods employ a sysem congsing of two mutualy
insoluble phases, ether liquid-liquid or solid-liquid in which inorganic ions are trangported into the
organic phase by formation of a complex which is soluble in organic solvents.  Such techniques are
paticularly useful for base-catdyzed reactions, nucleophilic displacement and oxidation of water
insoluble compounds by inorganic reagents. The classca procedures that require severe anhydrous
conditions, expensve solvents and dangerous bases such as metd hydride and organometdlic
reagents are now replaced by agueous solutions. The use of quaternary ammonium compounds® as
reegents and as cadyss in homogeneous and two-phase sysems has grown into a versdile
preparative method®. The most notable developments include the use of crown ethers as PTC and
introduction of solid-liquid PTC. The use of such phase-trandfer cadysts, which catayze reaction
between substances located partly in an agueous and partly in an organic phase, smplifies and

accelerates numerous reactions traditionally conducted in non-agueous media®*.

TRITON B IN ORGANIC REACTIONS:

Benzyltrimethylammonium  hydroxide, commonly cdled as Triton B, functions as a
quaternary ammonium sdt, strong base and phase trandfer caidyst. The gpplication of this catayst
iswdl explored in the literature and some of the methods are described under this subheading.

a) Epoxidation: Benzyltrimethylammonium hydroxide finds use as catdyst in the epoxidation of a,
[3-unsaturated ketones (Scheme-1) with t-butyl hydroperoxide as demondtrated in a step toward the
total synthesis of a complex anthracydlinone® as shown in scheme-1.

Scheme-1
0O MeO
i CONEt2 TBHP
Triton B
OMe
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b) Oxidations: Benzyltrimethylammonium hydroxide has been used as a cadys for the oxidation
of methylene and / or methine groups. The oxidation of a tricyclic ketone to an anthraguinone was
accomplished in good yields using this approact? (scheme-2).

Scheme-2
Trlton B
O2 MeOH
OMe O

c) Dehydrohalogenation: A vaiety of 1-bromoakynes have been prepared through the action of
Triton B on 1,1-dibromoakenes’ (scheme-3).

Scheme-3

Cl Triton B C|©T— Br
\ PhH,MeOH
Br
Br

d) Aldol condensation: The adol reaction has often been caried out with Triton B functioning as

base. In the synthess of a cytochdasn intermediate, a severrmembered ring was formed under the
action of Triton B in excellent yield® (Scheme-4).

Scheme-4

Triton B

/”l. ,\“\
— > pivO—\, ‘e,
MeOH,15 min X o)
HO 2

93

€) Conjugate addition: Triton B is an effective catdys for the conjugate addition of carbon
acids to Michael acceptors. Such is the case with the reaction of nitromethane and t-butyl acrylate
mediated by a methanolic solution of Triton B>12,

Opiv

Scheme-5
SO)Me
CHO A~ —
x@ Mes” SO)Me X4©f_<SMe HS HCl msm
Triton B, MeOH CH,Cl N
NHSO,Ar NHSOAr o Ly A
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Nitroakanes have dso been added intermolecularly to a variety of unsaturated systems. The
addition of a benzonitrile to methyl acrylate in a Michad fashion was reported to occur in excdlent
yied.

Scheme-6
CO,-But
Triton B, DME
CH,NO, + # co,-Bu oA O,N CO,-Bu!
CO,-But

CN
MeO
/\”/ __ TiitonB COMe
dloxane

From the above discussion, it is seen that Triton B is an useful reagent to effect various organic
conversions.
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3.1.2 PRESENT WORK:

The Henry reection, an adol-type reaction, represents one of the classca GC bond-forming
proceses, and its variants have been used extensvely in many important syntheses of severd
biologicdly active compounds®. The classcd nitroddol reaction is peformed as routine
procedure, in presence of abasein an organic solvent.

The nitro group of nitroddol products can be easly functiondised to amine'®, can be
converted into carbonyl compounds®™® and easly denitrated by further functiona group
manipulations. Severd catalysts have been reported in literaiure to effect the Henry reaection.
Recently TBAF hydrate!” has been used, but the use of 1 to 2 equivalents suppresses its use in
gynthetic organic chemistry. The drong bases, used in Henry reection, often result in the formation
of side products by the addol and cannizzaro reaction of adehydes or olefin formation'®l. In
addition, these standard procedures furnish a diastereomeric mixture of nitroalkanols, nevertheless,
this does not seem to be a problem since the main use of nitrodkanols is the converson into a-nitro
ketones®> or conjugated nitroakenes in which & least one stereogenic center is lost. If a
diastereomeric synthess of nitrodkanols, for specific purpose (eg. chloramphenicol), is required
other procedures are available. Recently we have devdoped a novd method for the
diasterensdl ective synthesis of nitroaldols over Mg-Al-Hydrotalcites?,

The need to reduce the amount of toxic waste and byproducts arisng from chemicd
proceses requires increasng emphass on the use of less toxic and environmentaly compatible
materids in the design of new synthetic methods®™. The time has now come for ecologica factors to
be congdered in the development of synthetic procedures and for them to play an important role in
the assessment of the qudity of any new synthess. In this context, the reduced use of ecologicaly
sugpected solvents is of condderable dSgnificance.  In recent years, there has been increasing
recognition that water is an attractive medium for many organic reactions®. The agueous
medium with respect to organic solvent is less expengve, less dangerous and environment friendly,
while it alows the control of the pH and the use of microaggregates such as surfactants. Generdly,
the low solubility”’ of most reagents in water is not an obstacle to the reactivity, which on the
contrary is reduced with the use of cosolvents.

201



Chapter 3: Cat. Org. Transformations

In our continuing interest®® devoted to explore the utility of various cadysts to effect the
Henry reection we decided to investigate the possibility to achieve the nitroadol reaction in water.
After some trids we found that the Henry reaction can be peformed under very mild reaction
conditions in agueous media usng benzyltrimethylammonium hydroxide as a cadys to give
excdlent yieds of nitroddols (Schme-7).

Scheme-7

OH
SN o R
R—CHO + R NO, R

R'=H, Me, Et, etc NO,

i) Benzyltrimethylammonium hydroxide, 4-15 min., r.t.

When ddehydes were dirred with 1.1 equivdent of nitroakanes in water containing a few
drops of THF as a cosolvent in the presence of cadytic amount of benzyltrimethylammonium
hydroxide a room temperature the desired nitroddol products were formed in excelent yidds
(Table-1). The substrates containing eectron-withdrawing groups were found to undergo faster
reaction (Entries 2, 6, 12 and 13) compared to eectron rich subgtituted aromatic compounds and
give dmog quantitative yidd. An diphatic ddehyde dso underwent nitroddol condensation (Entry
11). Efforts were made to achieve quantitative yidds by modifying reection parameters. It was
observed that ingead of usng a mixture of water and THF as solvent, when reactions were run using
an excess of nitrodkane, various ddehydes underwent nitroddol reection in quantitative yields and
inashort period of 4-15 min.

Tedious preparation of cadys®®, lage excess of nitrodkane!®?® or drastic reaction
conditions that are too cumbersome, especidly for large-scale preparation'®, are not involved in this
novel method. Additionaly, the very mild reaction conditions prevent the typica Sde reactions such
as retro-addol reection or dehydration of the 2-nitrodcohols into nitrodkenes™ even if aromatic
ddehydes are used.  High chemo-sdectivity is observed snce severd functiondities such as
hydroxyl group, furyl etc are preserved under these conditions. Compared with the conventiond
methods, our procedure produces excdlent yidds in shorter reaction times and dlows performing
this important reaction on a multigram scale under inexpensive and ecologica conditions.
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Table 1. Benzyltrimethylammonium hydroxide catalyzed preparation of nitroalkanols”

Entry R Nitrodkane | Time(min) | Yidd® | threo: erythro®
%
1 p-Chlorophenyl Nitroethane® 10 91 1991
Nitroethane® 6 95 T
2 p-Nitrophenyl Nitroethane® 4 98 -
3 p-Methoxyphenyl Nitroethane® 12 90
Nitroethane” 8 94 )
4 2-Furyl Nitroethane® 8 81
Nitroethane® 6 85 )
5 o-Chloropheny! Nitroethane® 10 94 -
6 m-Nitrophenyl Nitroethane® 4 98 -
Phenyl Nitroethane® 10 83
Nitroethane® 6 83 )
8 o-Hydroxyphenyl Nitroethane® 15 91
Nitroethane® 12 96
9 3,4,5-Trimethoxyphenyl | Nitroethane® 10 82 _
Nitroethane 8 3 2521
10 2-Chloro-3-quindlinyl Nitroethane® 6 80 -
11 | sobutyl Nitroethane® 8 78 1641
Nitroethane® 5 80 o
12 m-Nitrophenyl Nitromethane® 8 92 i
Nitromethane" 5 98
13 m-Nitrophenyl Nitropropane” 6 98 5341
14 3,5-Dimethoxyphenyl | Nitromethane® 4 94 -

?All the nitroalkanols showed satisfactory spectroscopic data. °lsolated yield after column chromatographic
purification. “1.1 equivaent of nitroalkane. “ Nitroalkane used in excess. *Average ratio were calculated from
®C NMR (50.3 MHz) and / or *H NMR signals

In concluson we have demongrated that the present method is quick and convenient way for
the effective synthesis of nitroalcohols using Triton B as acatdys to give excdlent yidds.
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3.1.3 EXPERIMENTAL:

Typical Experimental Procedures To a mixture of adehyde (3.31 mmol) and nitrodkane (3.63
mmoal) in water (5 ml) and THF (0.4 ml) was added 1 drop of benzyltrimethylammonium hydroxide
(40% aq solution) a room temperature. The mixture was girred a room temperature for 4-15
minutes. After the reaction was complete (TLC), excess water was added and the agueous layer was
extracted with chloroform (2 x 20 ml). The combined organic layer was dried over N&SO4 and
concentrated. The residue was purified by flash chromatography to afford the corresponding
nitropropanols (81-98%).

The spectral data of products in entries 2, 3, 4, 5, 6, 7, 8 and 10 were identica to those given
in Section -1 of this chapter. Spectral data of new compounds obtained in entries 1, 9, 11, 12, 13 and
14 are given below. The vauesfor spectrd data given are for the mixtures of diastereomers.

1-(4-Chlor ophenyl)-2-nitropropan-1-ol (271):

OH

NO
cl 2

Visoous liquid; IR (Neat): 3524, 1550 cmit; *tHNMR (CDCh): d 1.30 and 1.47 (d, J= 6.0 Hz, total
3H), 3.02 (bs, 1H), 4.59-4.79 (m, 1H), 5.00 (d, J= 8.0 Hz) and 5.36 (d, = 4.0 Hz) total 1H, 7.27-7.40
(m, 4H); 3°C NMR (CDCk): d 11.18, 16.24, 73.21, 75.42, 87.18, 88.14, 127.32, 128.20, 128.87,
129.12, 134.31, 135.00, 136.80, 136.95; Analysis calculated for CoHyoNO3Cl : C = 50.12, H = 4.66,
N = 6.49, Cl = 16.46%; Found C = 50.48, H = 4.22, N = 6.46, Cl = 16.02%.

1-(3, 4, 5-Trimethoxyphenyl)-2-nitropr opan-1-ol (272):

OH
MeO

NO,
MeO

OMe

Solid, m.p.116.5 °C; IR (Nujol): 3495, 1588 cm'!; 'H NMR (CDCly): d 2.05 and 2.24 (d, J= 4.0 Hz,
total 3H), 4.15 (bs, 1H), 4.50 (s, 3H), 4.56 (s, 6H), 5.38-5.55 (m, 1H), 5.66 (d, J= 6 Hz) and 6.01 (d,
JE 2 H2) totd 1H, 7.28 (s, 2H); *C NMR (CDCk): d 12.02, 16.27, 55.97, 60.61, 73.92, 76.20,
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87.35, 88.26, 102.94, 103.77, 134.19, 134.59, 137.00, 137.92, 153.09, 153.21; Analysis calculated
for C12H17NOe: C =51.36, H = 5.87, N = 5.44%); Found C = 52.00, H = 6.21, N = 5.88%.

1-Nitr oethyl-2-methylpr opan-1-ol (273):

OH

Visoous liquid; IR (Neat): 3492, 1570 cmi’; *H NMR (CDCl): d 0.82 and 0.91 (d, = 8.0 Hz, total
6H), 1.39 (d, J = 8.0 Hz, 3H), 1.51-1.79 (m, 1H), 3.20 (bs, 1H), 3.58-3.78 (m, 1H), 4.47-4.61 (m,
1H); *C NMR (CDCk): d 11.57, 14.73, 15.91, 18.08, 18.52, 19.44, 29.21, 30.65, 76.85, 77.26,
84.46, 86.37.

1-(3-Nitrophenyl)-2-nitroethanaol (274):

Solid, m.p. 61.5 °C; IR (Neat): 3514, 1555 cm}; *H NMR (CDCL): d 3.44 (bs, 1H), 4.62- 4.75 (m,
2H), 5.62 (t, J = 6.0 Hz, 1H), 7.61 (t, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 8.20 (d, J = 8.0 Hz,
1H), 8.31 (s, 1H); *C NMR (CDCL): d 69.86, 80.66, 121.10, 123.73, 130.07, 132.00, 140.36,

148.57; Anayss calculated for G2H17NOg C = 51.36, H = 5.87, N = 5.44%; Found C = 52.00, H =
6.21, N = 5.88%.

1-(3-Nitrophenyl)-2-nitrobutan-1-ol (275):

&3

NO,

Solid, m.p. 1065 °C; IR (Neat): 3492, 1570 cm'; *H NMR (CDCl): d 0.90-0.98 (two triplets
merged together, 3H), 1.42-2.30 (m, 2H), 3.12 and 3.20 (bs, total 1H), 4.57-4.68 (m, 1H), 5.19 (d, =
4.0 Hz) and 5.32 (d, J= 2.0 Hz), totd 1H, 7.58-7.65 (m, 1H), 7.70-7.76 (m, 1H), 8.19-8.29 (m, 2H);
13C NMR (CDCl): d 9.98, 21.33, 23.80, 73.12, 74.22, 94.50, 94.55, 121.20, 121.83, 123.00, 123.91,
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129.88, 130.04, 132.02, 132.76, 140.85, 148.54; Anaysis calculated for CioH12N20s: C = 50.00, H =
5.05, N = 11.66%; Found C =50.20, H = 5.17, N = 11.28%.

1-(3, 5-M ethoxyphenyl)-2-nitr oethanol (276):

OH

MeO
NO,

OMe

Viscous liquid; IR (Neat): 3466, 1570 cmi’; *H NMR (CDCh): d 4.52 (s, 6H), 5.18-5.35 (m, 2H),
6.08 (d, = 2.0 Hz, 1H), 6.11 (d, J = 2.0 Hz, 1H), 7.15 (s, 1H), 7.27 (s, 2H); 3C NMR (CDCk): d
55.36, 70.96, 81.21, 100.62, 103.89, 140.76, 161.26; Analysis calculated for CioH13NOs: C = 52.86,
H =5.76, N = 6.16%; Found C = 53.01, H = 6.18, N = 5.88%.
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