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GENERAL REMARKS

All the meting points and boiling points are uncorrected and the temperaure is expressed
in°C.

All reactions requiring anhydrous conditions were performed under a postive pressure of
argon or nitrogen using oven-dried glassware (120°C).

Progress of the reaction was monitored by TLC and was visudized by UV absorption by
fluorescence quenching or I, staining or by both.

All Solverts used were distilled before use,
Solvents for anhydrous reactions were dried by standard procedures.

All organic layers obtained after extractions were dried over anhydrous NgSO,. All
evaporations were carried out under reduced pressure on Buchi rotary evaporator.

In cases where chromatographic purification was done Silica gd has been used as
dationary phase and it was 60-120 mesh. Pet. Ether refers to the boiling fraction of 60
80°C.

IR spectra were recorded on Perkin-Elmer infrared spectrometer modd 68lor model
1605 FT-IR (n max is expressed in cm?).

The *H NMR spectra were recorded using TMS as internd reference on Bruker AC-200
and Bruker MSL-300 ingrument usng CDCkor CDClz + CCl; unless other wise
specified in case of other solvents. 3C NMR spectra were recorded on Bruker AC-200
and Bruker MSL-300 insrument operating @ 50 MHz and 75 MHz respectively.
Chemica shiftsarerecorded in d.

Mass spectra were recorded on FinnigantMat 1020C Mass Spectrometer and are obtained
a an ionization potentia of 70 eV and mass vaues are expressed as m/z values.

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.



ABSTRACT

Thesis ertitled “Total synthesis of Camptothecin & it’s analogues and Biologically active
compounds’ is divided in to two chapters.

Chapter 1. deds with synthetic gpproaches towards Camptothecin, which is divided into three
sections.

Chapter 2: highlights the synthess of quinazolinone dkaoids, which is further divided in to
three sections

Chapter 1.

The isolation of Camptothecin' [1], a pyrrole quinoline akadoid in 1966 by Wal and
coworkers from Camptotheca acuminata, the eucidation of its dtructure and above dl the
finding of high antitumor activity of its various derivatives by an unique mechanisni' involving
the inhibition of DNA Topoisomerasel triggered a greet ded of interest at the chemica leve.

Nothapodytine B [2] (Mappicine ketone), isolated recently from Nothapodytes foetida'"
(an oxidized derivative of Mappicine [3]" and E-ring decarboxylated andogue of Camptothecin)
has been identified as antivird lead with reported sdectivities agang HSV-1, HSV -2 and
HCMV.Y

X O A 0
_ N—/ _ N R =R,=O Nothapodytine B 2
N \_/ N \ / R=H,R,=OH Mappicine 3
© R1
1 OHO R2

Given with the current continued interest, though many syntheses have been achieved”!
dill there is an evident need for the development of new synthetic routes for Camptothecin and
Nothapodytine B amenable to their analogs. This section describes synthetic approaches in this
direction.
Section I: Camptothecin Family Alkaloids-A Brief Review

A generd introduction to Camptothecin, Mappicine and other naturaly occurring
andogues dong with a concise review on ther synthess empheszing manly the synthetic
approaches, which have appeared since 1996, is presented in this section.



Section II: Synthesis Of Camptothecin
Our retro synthetic analyss of Camptothecin revedled an intramolecular adol reaction as

a key drategy, as depicted in Scheme 1, which could be as well extended to congruct the
synthetic precursors of the same as discussed in three parts (Scheme 1).

X —CHO /~COOEt Xy CHO  RNH, A Pd/C - H,
J—— _ NR R
Z
N Pd(PPhy), NTT\ NaBH, N 90%

74%

COOEt COOEt
4 5 6
Dibal-H A Wittig N 1.TMSCI/Na
N NCbz —_— NCbz _— NCbz____
N7 80% i i N Malony! chioride
18 COOEt
CHO 68%
. COOEt . 80% . \ b
COOEt

NaH

90%

COOEt
10
Pd/C - H,
—
88%
O
DDQ N
12 — \ y,




Our synthesis commences from Meth-Cohn's adehyde obtained from acetanilide. Thus
knowing the reluctance of chloro arenes to paticipate in Heck olefination, we atempted the
same on iodo ddehyde 4 to get the olefin-tethered ddehyde 5 in good yield usng classcd Heck
conditions. Aldehyde 5 was reductivdy aminated, which suffered an intramolecular Miched
addition resulting in tricylic amine 6. Amine was deprotected and converted to its carbamate 7.
Careful reduction of the ester with Dibad-H resulted  in the formation of tricyclic adehyde 8
which was subjected to Wittig olefination with phosporane 18 to furnish unsaturated ester 9. The
carbamate 9 was deprotected with TMSCI/Nal and condensed with carbethoxy acetyl chloride to
yield the amide 10  which on reaction with KMnO, at acidic pH gave the ketol 11. Gratifyingly,
the effected intramolecular adol reaction resulted the dihydropyridone 12. We were delighted
with the early introduction of an ethyl and the hydroxy group a Camptothecin G20 position.The
compound 12 was oxidized to pyridone 13 which has got dl the necessary atoms in place for
Camptothecin and only the smple manipulation of the oxidation states should provide us the title
compound. But this seemingly trivia operation seemed extremdy difficult and could be effected
under no conditions. So we resorted to convert to a known intermediate of  Stork’s synthesis*"
Thus reduction of the dihydropyridone furnished tetrahydropyridone 13, which was converted to
Camptothecin earlier in few steps. Sodium borohydride reduction of the compound 14 resulted in
the formation of compound 15 via decarbonylative loss of the ester which has the potentidity for
the conversion to Mappicine 16 and hence to Nothapodytine B.?

Part B dedls with the approach towards Camptothecin ana ogues.

Camptothecin's dinicdl use has been limited by its insolubility and toxicity,""" but
extengve dructure activity rdation studies have identified many andogs with better solubility
and with equa or better antitumor activity, which resurged the interest of the chemidgts as wdl as
oncologists. Synthetic approaches for these anadlogs have typicdly involved synthess of suitably
functionalized CDE-rings® or DE-rings‘ or precursors thereof, which was then coupled with
auitable counter parts. So we proposed to apply the above methodology at an early stage of the
gynthesis, which would have the flexihility to obtain the andogues of CPT asshownin
Scheme 3.
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82%
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OH COOEt
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Scheme 3

Thus phase trandfer akylation of Schiff's base 19 followed by hydrolyss resulted in
amine, which was then condensed with acid chloride to give olefin 20. This was subjected for the
oxidative cleavage and Wittig olefination. The resulted amide 21 was converted to ketol 22 with
KMnO, in acidic pH. Attempted ddol reaction of ketol with NaH as the base gave us
dihydropyridone 23 in excdlent yidd, which could be converted to CDE intermediate 24, an
established synthon for preparation of CPT andogues
PART C deds with the synthetic approaches towards the synthons of highly convergent

approach.

A highly convergent approach’ which involves preformed ABC synthons whose
condensation with pseudo acid halide dtracted our attention. So we synthesized the same
intermediates. Synthess of the triclic synthon is shown in Scheme 4.

BuLi

(@]
CHO Ethylene glycol N N /(}
Cr / )
N | 55% N CHO

25 26
HCl ~CHO 1.BnNH, ~

NBn
e L s ’
95% N” cHo 2 NaBH, N

27 80% 28
Scheme 4

Accordingly 2chloro3-formyl quinoline  was prepared by Meth-Cohn  procedure
and converted to 2iodoaldehyde by Fenklestein reaction. Formyl group of the iodoadehyde
was protected as cyclic acetd 25. Quenching the lithio derivative with DMF provided 2 formyl



quinaline 26. The acetal of 26 was deprotected with 20% HCI in  ether to get the diddehyde 27.
It was  gratifying to note the formation of tricyclic synthon upon treetment of the diddehyde
with 1 equivdent of  benzyl amine in methanol followed by reduction with sodiumborohydride.
Thuswe achieved an expedious synthetic route for tricyclic amine28.

Synthesis of an intermediate for DE synthon has been achieved as shown in Scheme 5.

NR NR

2 2
HCHO, RZNH EtMgBr ACZO
/ // — Il oH
HO Ether DCM
1h, 85%
HO 6h, 87% 4h, 97%
29 30

NR Cl

2 0 (@]
A cooEt o
| CICOOEt | K057 \(/
OAc —— > —_— COOEt
OAc TBABT

Benzene ,reflux

5h OAcC
31 1h 95% 32 96% 33
0
KMno, © Oy=0 X_O_o
Acetone:H,0 NaH — =
> COOEt COOEt —
AcOH OH THE .o COOEt
30 min, 92% 1.5h, 88% OH AcO~/ "on
OAc
34 35
Scheme5

The Mannich reaction of propargyl acohol with formadehyde and diakyl amine gave
the amino acohol 29, which on treetment with ethylmagnesumbromide gave the 2-substituted
oefin 30. Alcohol was protected as acetate 31 and treatment with ethylchloroformate gave the
chloro compound 32 in excelent yied. This chloro compound 32 was treasted with potassum
st of monoethylmadonate under PTC conditions to get dlylic ester 33. Allylic ester 33 upon
treatment with KMnO, in acidic pH gave ketol 34. Aldol reaction of the same should lead to the
intermediate 35 whose converson to pseudohdide 36, followed by coupling with ABC synthon
would give the access to CPT and it’s analogues.

Section |11: Synthesis of Nothapodytine B & Mappicine employing  Claisen orthoester
rearrangement.

We envisaged a Claisen ortho-egter rearrangement to form the crucid GC bond required
for the D-ring while placing the suitable functiondities for further eaboraion as shown in



Scheme 6 Thus dkylation of Schiff's base with the chloro compound 32 under PTC conditions
and hydrolyss of the same resulted in amine 36. Amine was protected as its benzyl carbamate 37
and smple manipulation of hydroxy protecting group from acetate to PMBether gave the

compound 38.
H,COOC._NH,

H,COOC.__NHCbz
<COOCH3 1PTC/K,CO, 2 CbzCl 1.K,CO,, MeOH
\ 2.H* 96% 2 PMBO-C(=NH)CCI,
)k 86% 81%

Ph" Ph
EtOOC 1. NaCl, DMSO A
H,COOC._NHCbz 1 NaH NCbz reflux _|_ NCbz
'—»O/ N
Ethyl acrylate 2. @“
| 66% \  oPmB N \\ oPwmB
OPMB 69%
38 39 40
. X
DDQ, DCM N NCbz Dibal-H NCbz
e ~ D — N/
90% N 94%
\\ o©OH \ OEt
41 9 <
o)
6k
r” OE N Nebz 1.TMS], = o
41 —_— N/ —_— N/
920 COOEt 2.NaOAc
85%
42 43
A o]
DDQ
NT \
80% %
44

Scheme 6
Michad addition -Dieckmann condensation sequence with ethylacrylate furnished b-ketoester
39, which was decarboxylated to pyrrolidone which was subjected for Friedlander condensation
with the Schiff’s base of aminobenzaldehyde followed by deprotection of PMB ether  gave
dlylic docohal 41, which was dso obtained from Diba-H reduction of a, b-unsaturated ester 9.
Treatment of 41  with triethyl orthopropionate in the presence of acid catdys furnished
0, d-unsaturated ester 42. The carbamate was deprotected with TMSl to provide amine, which

upon trestment with NaOAc in ethanol underwent lactamization resulting in tetrahydropyridone



43 in good yidd. DDQ oxidation of the tetrahydro pyridone gave pyridone 43a. Synthess of
Nothapodytine B was redlized by the controlled ozonolys's of the exocyclic methylene.

Chapter 11: Synthesis of Quinazolinone alkaloids.

Section |: Synthesis of Luotonins.

Luotonin A, B and E (45-47) are, sructuraly unigue family of pyrrolo quinazolino
quinoline dkdoids, isolaed from the aerid pats of the Chinese medicind plant Peganum
nigellastrum which has been traditiondly used for the trestment of rheumatiam, inflammation,
abscesses and other maladiesX’ Its sructure has been confirmed by earlier synthesesX'"
Luotonin's driking reminiscence to Camptothecin 1, in its cytotoxic activity agang mouse
leukemia P-388 cdls and dructure coupled with our interest in the latter led us to develop a
generd synthetic route for Luotonin A and its analogs.

R
X O X )
N R=H 45 LUOTONIN A _ N
s
N \ R=0OH46 LUOTONIN B N \ i
N

R=OMe 47 LUOTONIN E o

The Scheme 7 outlines our synthesisto Luotonins.
_) CONH
-<< @fﬁ B
OH
e
- 2 C(ﬁ C S s
N
53

N
Scheme 7
Conditions. a). Ethanol, 15% NaOH, reflux, 5h, 93%; b) KMnO4, Acetone, reflux.; c) THF,
10% HCI, 30 min., 98%; d). NaBH4, CH3zOH, 30 min., 95%; €). 60% Ethanolic H,SO4, 3h, 73%.
Thus the adehyde 48 was readily accessed from acetanilide according to Meth-Cohn's

procedure.  Refluxing of 1:1 mixture of ddehyde 48 and anthranilamide 49 in ehand with 15%
NaOH solution (1.6 ml for 0.025 mole) furnished the dihydroquinazolinone 50. A point worthy



of note is that the quinazolinone 51 was directly obtained ingead of the anticipated dihydro
quinazolinone when 20% KOH is employed. Oxidation of 50 with KMnO, gvee the
quinazolinone 51. Deprotection of the acetd 51 under the acidic conditions furnished adehyde
52 whose reduction with sodium borohydride gave the acohol 53 in excdlet yidds The find
condruction of the C-ring was redized by the treatment of the acohol 53 with 60% ethanolic
H,SO, solution to form the Luotonin A in 73% yidd by cyclodehydration. Luotonin B was
obtained by performing the cyclodehydration in presence of FeCk. Luotonin B and E were
obtained from acetd 51 by acid mediated reactions.

Section |1: A general synthetic approach to Pyrrologuinazolonone alkaloids - Vasicinone
and Luotonin A.

Vadcinone 60, a pyrroloquinazoline dkdoid, is isolaed from the aerid pats of
Adhatoda vasica, an evergreen bush used in indigenous medicine for cold, cough, bronchitis, and
ashma. These akdoids are known to possess a broad spectrum of pharmacologica activity
paticularly bronchodidatory activity.®V We have developed an expeditious entry for the same
through a common approach, which also conditutes a forma synthess of Luotonin A (Scheme
8).
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2-NH,C¢H,CHO ~ N N
P N \ HO \
N N
70%
Luotonin A Vasicinone [60]

Scheme 8



Accordingly Isatoic anhydride 54 was condensed with b-danaes (R=Et, Bz) to give the
anthranilamides 55a & b which were acylated with ethyloxayl chloride to give the peptides 56a
& b which were subjected for the cyclodehydration to obtan the quinazdinones 57a & b.
Dieckmann condensation of peptide employing NaH asbase  furnished b-Keto ester 58a & b.
Decarboxylation of 58a with HCl a 100°C gave the desired pyrrolo quinazolinone 52. NaBH4
reduction of the ketone 59 gave vadcinone 60. Alternatively the hydrogenation of corresponding
Bz eder of the 58b with Pd/C (10%)MeOH: EtOAc directly resulted in the formation of
vadcinone. This involves a tandem sequence of debenzylation, decarboxylation, & reduction of
the carbonyl to hydroxyl group. The ketone 59 and 60 are the putative intermediates of the
ealier syntheses of Luotonin A. Thus an efficient & nove synthess of Vadicinone as wel as
Luotonin A has been achieved.

Section 3: Synthesis of Rutaecar pine, an indolopyridoquinazolinone alkaloid.

Ruteecarpine has been isolated from the fruits of Evoida rutaecarpa and its naturdly
occurring derivatives are known to possess cardiotonic and analgesic properties and have been
used for the trestment of gastrointestina disorders and blood pressure

o
N
Pty
N N
H 61

Since the above tenet has proven to be efficient for pyrroloquinazolinone dkaoids it was
extended to the synthess of pyridoquinazolinone skeleton and thus to the synthesis of
Rutaecarpine.

Accordingly treatment of isstoic anhydride with ethyl 4-aminobutyraie gave amine 62, which
was condensed with Ethyl oxayl chloride to obtan the peptide 63. Peptide 63 was
cyclodehydrated to quinazolinone diester 64 using PCk in xylene under reflux conditions This
diester was subjected for Dieckmann condensation to get the b-keto ester 65 in much better yidd
than the 5-membered case This underwent decarboxylation more readily and cleanly to give the
pyrido quinazolinone 65. NaBH, reduction of the same gave the homovascinone 66. Hydrazone
67 was obtained with phenyl hydrazine, which confirmed the sructure of the ketone has been



converted to Rutaecarpine 61 by Fischer indolisstion. An dl together a new hybrid dkaoid
comprisng the dructurd features of Luotonin and Rutaecarpine i.e. quinolo (2, -b) Pyrido
quinezolinone 67 was synthesized by the Friedlander condensation of 65 with the Schiff’s base
obtained from o-amino benza dehyde

BOOC
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CHAPTER 1

SECTION |

Camptothecin Family Alkaloids-A Brief Review



1.1.1 Introduction
The isolation and characterization of the Camptothecin (1,CPT) as the active component
contained in extracts from the Chinese tree Camptotheca acuminata by Wani and Wal had

offered hope in 1966 of an antitumor therapeutic agent and triggered great ded of interest
among oncologists and synthetic chemists?

1 OH O

Activity of 1 has been demondgrated in vivo agangt leukemia, colon, mammary and
ovarian tumor models?® Unfortunately phasel dlinicd evauations of CPT reveded dose-limiting
toxicities mydosupresson, severe and unpredictable hemorrhagic cydtitis and diarrhea, hdting
the dlinicd development® Later studies pointed to the insolubility of CPT, which required the
drug be formulated as the ring opened seco acid sdt, as akey aspect initsclinica failure.

Only after the topoisomerase | being identified by Liu et al * as the cdllular target of CPT,
its derivatives resurfaced during the last decade as some of the most promising agents for the
trestment of solid tumors by chemotherapy.

1.1.2 Structural Elucidation and properties

The compound was a high meting substance, with molecular weight of 348.11
corresponding to the formula GoH16N20O4 and was optically active f] p 2° 31.3°. Based on the
gpectra and chemica properties, structure of Camptothecin was deduced to be (1). Formation of
monoacetate la and chloroCPT 1b on trestment with acetic anhydride and thionylchloride
/pyridine respectively, suggested the presence of hydroxyl group. Rapid saponification to give
sodium sdt and regeneration on acidification and lactol formation with NaBH, confirms the
presence of lactone moiety in the molecule.

X O

%
AN la  R=0Ac

N \ / 1b R =CI

O 1c R=OCOCH,

R O

2



The X-ray crystdlography of iodoacetate 1c, obtained from chloroacetate by treatment
with Nal in acetone and cayddlized in orthorhombic crysas unequivocaly confirmed the
dructure to be S-4-ehyl-4-hydroxy-1H pyrano [3, 4'; 6,7] indolizino [1,2-b] quindine-3, 14
(4H, 12H)-dione and reveded tha the rings ABCD and subgtituents are coplanar. The ring-E
exigs in a boat form and the C-20 and lactone oxygen deviate from the planarity. The absolute
configuration was determined by Bijvoet’s method.

No cryddline sdts are formed with variety of minerd acids unlike other dkaoids and it
could not be methylated with diazomethane or dimethyl sulphate, which indicates the neutrd
nature of the molecule. The hydroxyl group imparts eectrophilic character to the lactone
cabonyl, thus meking it highly reactive towards nucleophilic attack by amines, aq akadl,
NaBHg,.

The Le MenTaylor numbering system,® suggested by Shamma based on the probable
biogenetic relation with gmalacine, had been adapted for Camptothecin.

MeOOC 16\

Ajmalacine 2

Camptothecin  undergoes therma degradation upon hedting to give decarboxylated
anaogues, which were known as Mappicine ketone 4, much before to their isolation.

R
A 0
N o N -
= 7
N\ / N" N\
OH e}
Mappicine 5 R =H, Nothapodytine B 4a (Mappicine Ketone)

R = OMe,Nothapodytine A 4b (Methoxymappicine Ketone)

Later these biologically important akaoids have been isolated from Nothapodytis
foetida® and cooccurance of CPT, Mappicine,’ Nothapodytine B (Mappicine ketone) and,
Nothapodytine A in Nothapodytis foetida suggests that these dkaoids have a common
biosynthetic precursor or it is quite possble that 1 is the precursor of 4 & 5 as shown in the
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following mechanism, which is obsarved in the fragmentation of the molecular ions produced
from 1 in the electron impact mass spectrometer.

Scheme 1:
N —
N\ /
(x \
{ OH
2 OH O B 3 B
. X O
1,5-H shift [H] P N—
- - N \ /
5 OH

Recently Nothapodytine B 4a has been identified as an antiviral lesd compound with
sdective activity againg HSV-1, HSV-2 and human cyto megdo virus (HCMV) with PRsy of
2.9, 05, 132 pM respectively.® The antivird mechanism of Nothapodytine B is disinct from
that of acyclovir (ACV) as demondrated by the observation that ACV-resstant HSV-1 and
HSV-2 ae inhibited by MPK and that MPK resgtant mutants remain sengtive to ACV, which
permits them to be used in a complimentary fashion to each other.

1.1.3 Naturally occurring Camptothecins

Severd andlogues of Camptothecin, collectively caled as ‘Camptothecins® have been
isolated from various botanical species. Some of them possess potent antitumor and anti HIV-
properties, often more active than the parent molecule which indicates the combinatorid
approach adapted by the naure for lead optimization, and in view of the on going active
and ogue development programme of CPT it is apt to mention about some of them.
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Pumilosde (6)°" Pumilosde was postulated as the posttrictosamide intermediate  of
Camptothecin biosynthesis.

22-Hydroxycuminatine (7): ° It is a biogeneticdly novel akaoid as A-D rings are smilar to
those of Camptothecin while the E-ring is of Yohimbine type It showed cytotoxic activity
againgt P388 and KB test systems in vitro with Ed50 values of 1.32 and 0.61ug /ml respectively.
Deoxy Camptothecin (8): ¥ Showed insignificant activity, presumably due to the lack of
hydroxy group.

Foetidin 1 (9): ¥ It has A, B, C, D rings in common with Camptothecin and differs in its Ering
having a sde chain through a phenolic ester bond. It showed anti tumor activity against ovarian

cells A2780 WT (IC50=3.4x10"") and anti vird activity against HIV viruses (ICs0=0.6 pg cm?3).
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22-Hydroxycuminatine 7
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OH ~ NQ
@]
Deoxy camptothecin 8 .Foetidin 9

Some of the naturally occuring pyrrolo ( 3,4-b ) quinoline alkaloids

1.1.4 Biogenesis

The discusson on biogeness has its rdevance in the present context in view of the
recent synthetic developments based on biogeneticaly patterned disconnections.
1.1.4.1 Biogenetic speculations:

Wenkert et al'® speculated Camptothecin to be a monoterpinoid akaloid, a masked indole
dkdoid of Corynantheidine type. The plausble chemica sequences from isodtdrikine 10a to



CPT would include oxidation to 11, D-ring unraveing, reclosng and adjusment in the find
oxidation states of the carbons as depicted in Scheme 2.

Scheme 2;
A (@)
N
~
N \ /
(@]
o OH O
10a, R=CH,OH 1
10b , R=CHO o —

Winterfidd et al*! proposed gessiochizine 10b as a more likely intermediate based on his
findings of indole dkaoid 12 oxidation to quinoline 13 (Scheme 3).
Scheme 3:

MeOOC

Hutchinson et al'? ruled out the above two hypotheses as there was insignificant
incorporation of radioactivity into 1 using [ayl H]-10b in the feeding experiments and proposed
that drictosdine 14a or Vincosde 14b could have given rise to Camptothecin 1 (Scheme 6.
Corddl et al'® have dso proposed the same hypothesis for the biogenesis of CPT akaoids.
Experimentd results of the feeding of labeled precursors caried out by Heckendorf et al *
proved drictosdine 14a as the specific penultimate biosynthetic precursor and ruled out epimeric
vincoside 14b.



1.1.4.2 Bio synthetic events from Strictosidineto CPT:

The exact sequence of biosynthetic transformations from drictosidine 14a, would involve
the removd of glucose as the sep fallowing the formation of drictosamide 15, by andogy with
the biosynthetic fate of drictosidine 14a in other higher plants™ The D-ring oxidaion to
pyridone was presumed to be the step subsequent to ABC rearrangement based on the finding
that pyridone 16 could not be transformed to quinoline 17 under standard laboratory conditions
which are known to convert tetrahydro b-carbolines to quinolines (Scheme 4).

Scheme 4:

16 OGI(OAC), 17

OGI(OAc),

The themd cydizaion of 18 to the corresponding anadlogue of 19 supports the later

biogenetic concept'® (Scheme 5)
Scheme 5:
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By tracer feeding experiments with C. acuminata caried out by Sherha & Rapport’ and
Hutchinson et al*® proved that Camptothecin is derived from tryptamine 20 and secologonin 21,
the established biosynthetic precursors of monoterpine dkdoids found in severa other higher
plants (Scheme 6).

Thus mevaonate is converted by the way of geraniol and loganin into secologanin 21,
which combines with tryptamine 20 to form drictosdine 14a, isovincosde 14b which would
lactamize to the drictosamide 15. Reduction to the corresponding 18,19-dihydro derivatives and
oxidative cleavage by molecular oxygen or H»O, would lead to the keto lactam 23. The
intramolecular cydization of 23 produces pyrroloquinoline derivative, which in turn through a
sequence of oxidation — reduction stepsis transformed into Camptothecin 1.



Scheme 6:

CHO &
| NH+ < OGluc o)
N 2 H —_— —_—
H 0 OGluc
MeOOC
secologonin 0]
MeOOC H
20 21 14a, H3=alpha 15a H3=alpha OCluC

14b, H3=beta 15b H3=beta

1.1.5 Pharmacology

Camptothecin (CPT) topoisomerase | (top 1) inhibitors are proving useful againgt a range
of refractory tumors, most prominently against some colon and ovarian cancers!® Two of the
CPTs, Topotecan and CPT-11, have received Food and Drug Adminigration gpprova, and
svad others are in dinicd trids. Camptothecin is active againg MDRI-tumors, hence its broad
spectrum of anti tumor activity.’® Camptothecin inhibits replication of both SV40 virus** and
adenoviruses®® Camptothecin inhibits retroviruses such as the HIV and the equine infectious
aneemia virus®® The anti-HIV adiivity is due to the inhibition of TaT-mediated transcription
from the vird promoter.

Camptothecin and its andogues dso have ggnificat activity agang Trypanosoma
brucei, the causative parasite of African trypanosomiasis®* ~ Camptothecin possesses activity
agangt the mdaria paaste as wdl.?® Leshmaniasis, a spectrum of disease caused by the
Leshmania paradte, is trested by antimony-based drugs which are normaly consdered to
operate by topo-I inhibition which led to the hope that CPT would be better lead to be tested as
antileshmenid agents and trids are on in this direction. Camptothecin is dso used in China for
the treatment of psoriasis, a skin disease.



1.1.6 Mode Of Action

| dentification of the molecular target of Camptothecin: Topoisomerase |

The impressve activity of CPT has led to intengve investigdion in to its mode of action.
Camptothecin was shown to inhibit both DNA and RNA synthesss®® Inhibition of DNA
synthesis gppears to be irreversble while inhibition of RNA synthesis is highly reversible?” All
the cdluar events remained unexplained until the identification of topoisomerase | as the
molecular target of Camptothecin.?® There is good evidence that topo | is the mgor cellular
target of Camptothecin; (1) The potency of Camptothecin derivatives againgt purified topo | is
corrdated with their antitumor activity,?®(2) Camptothecin induced DNA bresks produced in
cdls exhibit the characteristics of topo-1 linked DNA bresks®° (3) Camptothecin — resistant cdls
fal to produce topo-I-linked DNA bresks and contain either Camptothecin — resistant topo-1 or
reduced topo-I levels, (4) Yeast mutants lacking the endogenous topo-1 gene are Camptothecin
resistant and can be made drug sensitive by transfecting the human topo gene3!Cdls transferred
with human topo-1 gene are hypersensitive to Camptothecin, 2 Now CPT and its derivatives
are widdy recognized as topoisomerase-l poisons. Topoisomerase |, the target enzyme of these
new agents, exists in both norma and tumor cells and appears to take advantage of the growth
rate difference between them. Researchers are not sure why, but there are two possible
explangtions. Topoisomerase | is most vulnerable in cdls & a stage of the cdl cyce known as
the "S' phase. In this phase, cdls copy their DNA while preparing to divide, therefore, the target
enzyme is present more frequently and a a higher concentration. Since rapidly-proliferating
tumors have a greater percent of cels in "S' phase, compared to norma, dow-growing cdls,
tumors are more susceptible to the action of topotecan. A second explanation might be that rapid
metabolic processes of tumor cdlls enable greater influx of the drug.

M echanism of action:

Topoisomerase | caidyses DNA rdaxation by a mechanism that involves enzyme-linked
single strand bresks>® The topoisomerase | kaction can be conceptualy divided in to two steps.
This reection is initiated by a nucleophilic attack on the phosphate of the phospodiester linkage
by the tyrosne hydroxyl, resulting in an enzyme-linked sngle strand-bresk in which the enzyme
is covdently linked to the 3'-phosporyl end of the broken DNA srand.  In this stage, the phospo
diester linkage oppodte to the trandent bresk can presumably swive. Following swiveling, the
rgoining reection is initiated by a nucleophilic atack on the tyrosyl phosphate by the 5
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hydroxyl to release the tyrosine from the phosphate. The intermediate in topo I-linked DNA
breakage is referred to as a “cleavable complex” because it is readily reversble to a noncovaent
enzyme-DNA complex before or after topoisomerization of the DNA. Camptothecin presumably
interferes with this reection (relegation) by blocking the rejoining step.3* Such a blockage results
in the accumulation of a reversble “Topo | enzyme-CPT-DNA ternary complex” that dabilizes
the trans exterification intermediate.

Prolonged exposure of cancer cdls to compounds in the Camptothecin class results in
irreversble DNA damage and cdl death. The dructure of the cleavable complex is not yet clear.
CPT appears to be a prototypica topo | Poison that exhibits little or no binding to either DNA or
topo | adone However cross-linking studies suggested that CPT binds to the Topoisomerase | —
DNA-Complex a or near the ste of DNA cleavage and have prompted the proposa of two
models, base flipping modd and intercdative mode, to explan the sructurd nature of the
ternary CPT-DNA-topo | cleavable complex.

The base flipping model proposed by Hol et al®*® postulates that the +1 base flips out of
the DNA hdix and stacks with the drug. The intercalative model proposed by Pommer et al®’
involves the insertion of the drug in between —1 and +1 base pairs while it interacts favorably
with both the DNA and the enzyme. According to this modd CPT interacts with DNA and topol
near its catdytic tyrosne. Although the exact dructure of complex is ill a subject of
investigation, the mechanism accounts for the good corrdaion found between the number of
stabilized cleavable complexes and the cytotoxicity of various anaogues.

1.1.7. Structure -Activity Relation of CPT

Subsequent to the identification of cdlular target as Topoisomerase | and mechanism of
action Camptothecin became a vauable lead for cancer treatment and recent structure activity
dudies conducted for the ducidation of the dructurd requirements for efficacious CPT
andogues and extensve exploration of the possble modifications have led to the identification
of many compounds with improved solubility and better antitumor activity and a reasonably
wdl-understood picture of the SAR of CPT is now avalable based on which the following
generdizations are drawn.

In generd subgtitution on rings A&B especidly at C7, C9, C10 and to some extent C11

showed good biologicd activity with improved physcd and pharmacologica properties
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and andogues with substituents a postion 12 were completely inactive® It is
concelvable that CPT may bind to an enzyme or enzyme-DNA complex on the face
proximd to the C11 and particularly to the C12 region. Hence groups subdtituted at this
postion may cause unfavorable steric and stereo dectronic interaction. Substitutents at
position C9 and C10 are more disant from this region and hence subgtitution at this
location is not detrimental. As a result of these studies derivatives such as Topotecan (24)
and Irinotecan @5) have passed through clinicd trias and are now being used for the
treatment of solid tumors after the approva of FDA. Severd other andogues substituted
on A, B rings, which are shown in Scheme, arein various stages of clinica development.

N(CH,),
HO N o) R N o
N \ Y N \ Yy
O (6]
OHO OHO
Topotecan 24 25 R= {_j~<_w-@o Irinotecan
(\N/ 26 R= OH SN-38
N \) 27 R= OCH,Ph
o X 9 X O
[ P> N z N
© NNy NTON Ly
(0] (6]
OHO OHO
Lurotecan 28 29 R=NH, 9-AminoCamptothecin

30 R=NO, 9-NitroCamptothecin
NH

¢ DY
O N \ y
(@)
HO

2
O
32

NSC 6835558 NSC 672552
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Activity is retained when a methoxy group is added a ether postion 10 or 11, addition
of a mehylene dioxy group to form a 5-membered ring across postionsl0 and 11
enhances potency, while smultaneous subgtitutions with two methoxy groups a 10 and
11(10,1,DMO CPT) inactivates completely confirming  the requirement of the planarity
for the molecule to be active. (Simultaneous subgtitution deviates from the planarity)
Modificetions a 7-podtion leads to compounds with varigble activity. Thus dI-7-
chloroCamptothecin was active than CPT while 7-methoxy Camptothecin was inactive.
This can be explaned by invoking the akylaion of DNA with the chloro-subgtituted
anaogs.

Alteration of the core sequence has not shown much success. The inactivity exhibited by
des-C-ring andogues™® for e.g. Gnor- 4, 6secoCamptothecin 33, is possibly due to the
lack of planarity.

Andogues of CPT in which there was sequentid truncating of rings were devoid of
activity (tetra cydlic B-E ring, tricyciic CDE- ring, bicydic DE- rings and monocyclic E
rings) suggesting the importance of dl the rings for the activity. *°

The importance of pyridine ring for the activity is evident as the compound 34 having
same spatid identity was 40 to 60 fold less active while 35 was completely inactive**
|soCamptothecin isinactive*?

sealy

34 OH

Hexa cydic CPT andogues like 36 exhibited anti tumor activity superior to those of

penta cydlic ring system, probably due to the increased planarity exerted by an additiond

ring.*®
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The naturd 20(S) configuration is essentid for the activity and (R)-Camptothecin is
completely inactive in the in vivo L1210 leukemia assay and in vitro assays. Thus not
only is the C20-a- hydroxyl moiety required, but correct specific stereochemistry a C20
is aso an absolute necessity for in vivo cytotoxicity. **

Hydroxy lactone ring, consdered to be “achellieshed” of CPT is generaly accepted to
be an absolute requirement for high topisomerase | mediated cytotoxycity®® as many E-
ring modifications like CPT-lactol, “% CPT-lactam, “®° a ring opened hydroxy amide, 4°
46d on a-hdo lactone, *%® an a—azidolactone, *®® an a-aminolactone*®®9 and an a-exo-
methylendlactone®®" were dither inactive or showed significantly decressed activity in cell

assays relative to parent CPT, due perhaps to a reversble covaent interaction between
CPT and the enzyme-DNA complex.

Ealy efforts were amed a improving water solubility and potency, while more recent
sudies have focused on compounds with improved plasma gability “° resuting in the
identification of HomoCamptothecin.

HOMO CAMPTOTHECIN

Mogt of the CPT derivatives share the pentacyclic skeleton and dl included the
highly dectrophilic sx-membered a-hydroxy lactoneThe intringc ingtability of the CPT
andogues aises from the rapid hydrolyss of this ring in basc or neutra media to give
the opened carboxylae form, which is essentidly inective and lactone form exists only a
acidic pH (Scheme 7). Pharmacodynamic studies have shown that this pH dependent
hydrolytic equilibrium to be shifted toward the carboxylate form in plasma.

14



N NaOH A AN o
N — Z OH
\_/ NN\ )
O ONa&
OHO OHO
Carboxylate (CS)

This explains the diminished activity of various CPT andogues in the dinic compared to
the overwhdming results obtained with xenograft modes. In an important bresk through
Lavergne and his coworkers found that HomoCamptothecin,*’ a Camptothecin anaog
with an expanded seven membered lactone obtained by the increase of a methylene group
between the acohol and carbonyl group of CPT has improved sability in plasma due to
the reduced eectrophilicity of its seven membered 3-hydroxy lactone. Most importantly
it proves to be much more cytotoxic than the parent molecule. With its modified lactone
hCPT represented an interesting template for the generation of novel analogues and thus
paved the way for fluorinated hCPTs*® and silatecans,*® which are more powerful than the

hCPT itdf.
F X 0
N
F N/ \
/ (e}
HO o HO (@]
hCPT ( BN 80245) 37a BN 80915 37b

Thus research of Camptothecins exemplifies drug devdopment, which with in a few
years progressed from a laboratory curiogty to clinicad application. Despite enormous efforts in
this area, however, many aspects of the cytotoxycity and antitumor activity of Camptothecins

reman uncler and warrant further continuation of the quest for the identification of the better
lead.

15



1.1.8 Synthesis of Camptothecin: A Literature Survey

A vaiety of totd syntheses involving credtive adaptations of classcd reactions as well as
new chemistry inspired by the Camptothecin target were accomplished®®®! and based on their
drategic smilarities, they are categorized under four groups as shown in the Scheme 8 (Retro

gynthetic direction.).
Scheme 8:
CHO 0
LR e
NH, O N\ / N e T
0
OHO
Appraoch A [\ /Approachc
A O
N
NN\ /

OHO
Approach % Nproach D
X =
OO0 s,
7 + + N
N + |

N =
oHc—4 5 Nc W

OHo OHO

Of these, approaches A and B emerged during the “classical eraof Camptothecin”
Approaches C & D are contemporary and reflect recent advancesin synthetic technology.

Since dready a detailed discusson of the syntheses published till 1996 is available®?
only those syntheses of Gamptothecin which appeared after 1996 will be discussed in the present
section dong with that of Mappicine, naturaly occurring decarboxylated anadogue of CPT & an
antivird lead snce we amed a synthesis of Camptothecin and its anaogues.
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Murata’'sapproach®®  (Scheme 9, 1997)

The forma totd synthess of the Camptothecin @ has been achieved via two types of
lithigtion reactions of pyridine derivatives and a Pd catdyzed carbonylation of pyridyl
methylsulphonates.

Treatment of THF solution of 40 with +BuLi a —85°C followed by propand afforded 41
as a mixture of regioisomers, which were separated after oxidation to ketone by column
chromatography. The ketone was transformed into 44 through 3 step conversions.

1) Subdtitution of the chloride on pyridine ring with methoxide
2) Reduction of the ketone moiety
3) Protection of the resulting hydroxyl group as MOM.
Scheme 9: Murataet al, Syn Lett., 1997,298
U 1. t+BuLi, THF -85°C Clwu 1.PCC,CH.Cl, N ig/\j/
= 2.separation by
85°C t0 -250C OH column chromatography

0
40 69% a1

XZn N OMe

N OMe 1.Li-Napthalenide X
1.NaOMe,MeOH, A 1.NaH,THF THF,-90°C- -78°C | _
2.NaBH,,MeOH 2.MOMCI 2. ch:| THF,

90% 780C 10 250C OMOM

OMOM
45
Cry=™ X CO0OCH; 1.LAH,Et,0,00C NP
N P N. _OMe 2.CBr,,PPh, CH,CIl,25°C z
> N | N 4 3 2vi2, - N \ /
Pd(PPh,),,5mol%, THF, = 3.3NHCI,MeOH o
A 81% 53%
46 OMOM 47
1.MsCl,Et;N,CH,CI,,0°C A 0
AN —_— 1
2.CO(10atm), N \ /
PdPPh,),Cl,,5mol%
Et,N,MeOH COOMe
60% 48

The lithioderivtive of the 44, resulted by the treatment with Li-napthdenilide complex in
THF was transmetdlated to the Zn derivative 45 and subjected to the Pd catdyzed cross
coupling reaction with methyl 2-chloro-3-quinolinecarboxylate to afford 46 in 81% overdl yield.
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The coupling product was further transformed into 47 via the reduction of ester moiety, followed
by bromination, hydrolyss and cyclization. Introduction of one carbon unit was effected by Pd-
catdyzed carbonylation of the corresponding mesyl derivative of 47 with 10 atm of CO and Pd
(PPhg)2Cl, to obtan 48, which had dready been converted to Camptothecin earlier by
Danighfesky. The regiomers formation in firg lithiation and their separation through oxidation
followed by column chromatogrgphy (addition of 2 steps) makes the synthetic vaue diminish of
the otherwise an attractive synthess.

Ciufolini’s approach® (Scheme 10, 1997)

Ciufolini has employed an intramolecular adkylaion, a novd approach to ring C
formation .The key C-20 dtereo center was edablished by enzymatic desymmetrization of a
mdonate ester. Hydroxy maonae 49 was protected as MOM ether. Enantiosdective hydrolysis
usng PL-esterase gave 50, in above 98% ee with 90% yield. The acid was converted to amide
and the ester was sdectively reduced to addehyde 51 usng DIBAL-H. The quindine synthon
was prepared from 2-chloro-3-methylquindine 56 via a 4-step sequence employing Pd-catayzed
carbonylation to ester 57, followed by benzylic bromination with NBS and displacement of the
bromo with methoxide and condensation with lithio phosponate resulted in the formation of 58.
HWE reaction of 56 with 58 furnished enone 52. Michadl addition of cyanocacetamide to enone
followed by cydization and oxidation afforded pyridone 54. Borohydride reduction of the
lactone  under modified Luche's procedure i.e. with CeClz and NaBH, gave diol 55 which was
treated with 60% ethanolic HSO,4 to obtain Camptothecin with concomitant lactonization and G

ring annulion.
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Scheme 10:  Ciufdlini et al, Tetrahedron., 1997, 53, 11049

[Angew. Chem. Int. Eng. Ed., 1996, 24, 1692]
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This synthess requiring linear sequence of 10 seps produces Camptothecin in a 30% overdl
yidd and therefore is the most efficient one. Authors have developed a new reducing resgent
system to address the problems encountered in earlier syntheses during converson of 5-
memebered E-ring lactone to Camptothecin.

Fortunak’s Approach® (Scheme 11, 1996)

Fortunak’s convergent drategy relies on the coupling of preformed tricyclic ABC-
gynthon with the chird acid 63. Tricyclic amine 66 was prepared by adapting nove 4+2
cycloaddition of the amide 65, (obtained from the a-bromo acetyl bromide in a 3 step sequence.

i.e. condensation with anisdine and akylation of thus formed amide with propargyl bromide
which was protected as carbamate 66a.
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Glyoxa-dimethylacetd 59 on Knoevenagd condensation with benzyl methylmaonate
furnished a, b-unsaturated diester 60. Miched addition of chird dioxdan4-one 61 employing
LDA as base furnished di ester 62, which was converted to monoacid 63 by hydrogenation.
Condensation of the acid 63 and tricydic amine 66b resulted in the formation of aceta which
cyclized upon deprotection. The intermediate tetrahydropyridone was oxidized to pyridone 64.
Reduction of conjugated ester to adehyde was achieved with Diba-H and further reduction with
NaBH; gave an dcohol which lactonized upon base trestment to give 10-ethoxy Camptothecin
67.

Scheme11: Fortunak et al, Tetrahedron Lett, 1996, 5683.
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—_— —_— " =
MeO bieridi Meo 0y~ Meo/ "X D
iperidine OMe é...«ol o,
0 K
59 60 61 62
HoOC
MeO §OOMe 1.66a, WSAD, EtN N\ 1. DIBAL-H
2.TFA, H0,PhCH z 2.NaBH,
Meo/"' (0] 2 > N \ ,/ —COOMe —— 67
o—, 3.0DQ o 3. NaOH
N o
63 64 O

X i
Br = —
Br + 1 NH2 Meo \\ Me3OBF4 MeO AN
—_— LNR —_— _ NR
N -40 - 500C N

MeO 2 CICOOEt
H
NH

2 65 66a R=COOEt
66b R=H

The fact that subgtituted andlogue has been synthesized attests to its amenability to access

the various AB-ring subdiituted andlogues by changing the anilines and propargyl bromides in
the synthesis.
Henegar’s Approach® (Scheme 12, 1997)

Development of a practicd synthess of Camptothecin via tricydlic synthon  garts from
reedily avalable citrazinic acid, which has been wisdy converted to the required pyridone
moiety of the parent molecule via series of transformations listed below.
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Scheme 12: Henegar et al, J.Org. Chem., 1997, 62, 6588.
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a) Converson of citrazinic acid 68 to dichlorocitrazinic acid by trestment with POCl, which was
in turn reacted with ethyl magnesum bromide to obtain ethylketone 69. b) protection of 69 with
ethylene glycol, followed by dissymetrization of the keta to 70 with NaOMe, ¢) ortholithiation
of 70 with nBuLi/DMF to get 71, f) reduction of 71 with NaBHs and the protection of thus
formed dcohol as benzyl ether 72, g) carbonylation of 72 to 73 with Pd (OAC) » as the catalys.
Compound 73 was deprotected to ketone and olefinated with phosporane to get 74.
Dihydroxylation of olefin 74 gave  racemic diol 75 which was resolved by acetylation with

21



isopropenyl acetate / Amino PS-309 lipase immobilized on cdite. Sdiol 76 thus obtained in 99%
ee was converted to compound 77 in 4 high yidding steps. 1) Oxidation of POH to adehyde
with  NaOCI/TEMPO, 2) hydrogenolyss of benzyl ether to lactol with Pd/IC, 3) TEMPO
oxidation of lactol to lactone 4) Deprotection of O-methoxy group of methoxy lactone with
TMS. Annulation of 77 with t-butylacrylate and decarboxylation of thus formed b-ketoester 78
with TFA afforded 79, tricyclic synthon in 99.6% ee (18 steps from 60 and 6.4% overal Yidd.),
which earlier had been used in synthesis of rac 1, (-) 1, and andogues.

This synthess has been peformed on large scale which attests the assart of the authors
and the only draw back being the linearity & length of the synthesis.

Chavan’s Approach ®’ (Scheme 13,1999)

Chavan et al employed an intramolecular Michadl addition, a new pyridone approach to
condruct a suitably functiondized ABCD-intermediate. Michael acceptor was prepared from
reedily avalable dating materid, glycne. Thus Glycine Schiff's base was dkylaied with
dlylboromide under PTC conditions employing 10 mo% TBAHSO, to obtain the dlylglycine
Schiff's base 80. Hydrolyss of the Schiff’s base with 10%HCI and protection of the amine as
benzyloxy carbamate with benzyl chloroformate resulted in the formation of urethane 81. A
tandem Michad-Dieckmann condensation with  ethylacrylate/NaH conditions  furnished 3
ketoester 82, which was decarboxylated, and subjected to Friedlander condensation with the
Schiff's base 83 to obtan dlyl quinoline 84. Oxidaive deavage of dlylguindline with
0s0O4/NalO4 furnished ddehyde, which was subjected to Wittig olefination with phosporane 85
to get the a [-unsaturated ester 86. Carbamate of 86 was deprotected with TMSCI/Nal  and
condensed with carbethoxy acetyl chloride to obtain the key intermediate 87. Treatment of 87
with NaH effected the Michad addition to furnish the tetrahydropyridone 88, which was
oxidized to pyridone 89 with DDQ. The sdective reduction of aromatic ester in presence of the
diphatic one with DIBAL-H gave an adehyde 90, which was further reduced to acohol with
ether NaBH; or DIBAL-H to obtain deoxy Camptothecin 91. Following the Wintefidds's
protocol, i.e bubbling oxygen in presence of Cul/EtsN  they completed the synthess of
Camptothecin. Authors did away with the diethylation problem, encountered in earlier syntheses,
by introducing the ethyl in the early stage and the need for differently protecting the esters to
reduce selectively.
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Scheme 13: Chavan et al, Tetrahedron Lett., 1999, 40, 3847.
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This synthess is potentidly indudridly feasble as it involves the use of readily avalable
garting materids and reagents.
Curran’s Approach®® (Scheme 14, 1998)

These authors have employed, in their earlier generation syntheses, a unique (4+1) radica
annulation as its key gep to form the quinoline part of the molecule. Among the more important
new developments is the expanson of the chemidry to encompass new subdtituents. The
regiochemica outcome of the radicd cydization with measubgtituted arylisonitriles was
controlled by utilizing draiegy thet relies on introduction of a TMS group on the aryl iso nitrile
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This subgtituent acts as a directing group, which was removed after the cascade sequence. A key
common intermediate containing the pyridone and lactone (DE) rings of Camptothecin and most
derivatives was condructed from 2-trimethylslyl-6-methoxypyridine by a series of metdlation
reections and a Heck cyclization to provide an achird bicydic enol ether 95. Sharpless
asymmetric dihydroxylation followed by lactol oxidation and iododeslylation produced the key
intermediate 99 in 94% enantiomeric excess.

Scheme 14:  Curranet al, Chemistry - A European Journal, 1998, 4, 67-83

\ 1) BuLi \ \

—Si [ —Sj —gi_ _N._OMe
Si N\ OMe _ _ Si N\ OMe Si N
| 2) 'TI 'TI CHO | NT0oH 7 m Pd(OAc), K,CO;
= _— P I —
3) n-BuLi CHO  Et,SiH, TFA | TBABr
4).1, 49% I 63% ~© 6
92 93 94
\ \
735 Ny OMe 73, Ny OMe | N OMe
| P 1.0s0,, (DHQD),PYR | P i | P aq HI
=~ o
0 2.1,/CaCO, 85% o 47% i 208
HO HO
o o]
95 97 08
R9
H RT—— R10 R9 R7
N._O
| | NaH/CacO, | O e ne RI10 A o
a a
% ° 101TMs JN
= R11 N \ /
o] R7%\Br 0o (Me;Sn), 5
OH no
OHO
99 100 102

By changing the propargylating agent and the iso nitrile the authors made about 20 other
pentaz and hexacyclic andogs of Camptothecin with differing sngle or multiple substituents a
C7, C9, C10, C11, and/or C12. Included among these are several drug candidates. This is a very
elegant protocol which gives access to a host of Camptothecin derivatives
Brown’s Approach> (Scheme 15, 2000)
This biogendticdly petterned  synthesis involves converson of Vincosde and
Strictogdine 103 to Camptothecin, which is a net oxidative process.
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Scheme 15: Brown et al, Tetrahedron Lett., 2000, 41, 859-862
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Thus the 3 : 2 mixture of vincosde and drictosdine obtained by the condensation of
tryptamine with secologanin was converted to a mixture of the corresponding lactams 103 by
heeting with NgCOs3. Treatment with NalO, in refluxing methanol resulted in deavage of indole

2,7-bond to furnish aketo lactam 104.

Aldol condensation between C-2 and C-6 effected with EtsN / MeOH resulted in the formation
of the pyrroloquinoline 105, which was treated with SOCL in DMF to give 7-Chloroquinoline
106. Cadytic hydrogenation of 106 with Raney nickd afforded dihydroquinoline 107.
Subsequent aromatisation with DDQ in dioxane gave conjugated quinolineopyridone 108. After
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Zemplen deacetylation, the glucose was removed with 3glucosidase in H5 buffer to yidd lactol
109. Oxidation of lactol 109 with PCC /CH,Cl, gave lactone 110. Findly H20 was oxidized to a
hydroxyl group by O./CuCl, but with consequent loss of chirdity yidding rac-CPT. The authors
have achieved biogeneticaly patterned synthetic route to the monoterpenoid quinoline akaoids
20-deoxyCamptothecin and (£)-Camptothecin (1) (R = H, OH) from secologanin and tryptamine
via vincosde/drictosdine lactams. This synthetic sequence  afforded likdy biosynthetic
intermediates for testing in vivo. This synthesis can be goplied to the synthesis of intermediates
with labds for in vivo experiments How ever the chirdity present in the molecule 103 is
completely destroyed to obtain rac Camptothecin

Dumas's Approach® (Scheme 16, 2001)

Quindlineactone 116 related to CPT has been syntheszed from tetrahydroastonine,
which supports biogeness of CPT. Thus treatment of quinoline 112, obtained from 111 by
Winterfield's oxidetion and the dkylation with Etl, with, m-CPBA, afforded the pyrrole 113.

Scheme 16: Dumaset al, Tetrahedron Lett, 2001, 42, 8973-8975.
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Compound 113 was treated with TiCl, to form a complex and DDQ oxidation of the latter
furnished 114, which was trgpped with acohol to give akoxy dihydropyrimidine 115. (It can be
made in one pot process) Compound 115 rearranges to 116 in basc medium. This key
compound represents an important breskthrough, according to authors for the development of
new andogues of CPT from indole akdoids from readily available naurd compound
tetrahydroa stonine.

Bennasar’s Approach ! (Scheme 17, 2000)

Bennasar’s gpproach involves the convergent condruction of suitably substituted ABCD
ring intermediate and the cdosure of lactone E-ring a the find dage. Addition of the enolate
derived from isopropyl a- (methyl sulfanyl) butyrate to N- (quinoloylmethyl)-2-flouropyridinium
triflate 120, obtained by the dkylation of 2-fluoropyridine 119 with triflate 118 furnished the
compound 121, oxidetion of which with DDQ yielded pyridone 122. Treatment of pyridone 122
with tris (trimethylslyl) Slane -AIBN brought about the radical arylation and desulfurization to
give the tetracycle 123. The congruction the lactone E ring of CPT required the chemo sdective
reduction of the conugated ester in presence of diphatic one of 123, and this was achieved by
differentiating the two esters (as in pionearing Winterfidd synthesis®®). Trestment of 123 with
DIBAL-H in DME a -70°C and then with NaBH, in propanol afforded 1:1 mixture of the target
lactone 124 and lactol 125. Lactol 125 was converted to lactone. Taking into account that
intermediate 124 has been earlier converted to racemic and chird CPT by hydroxylation a G20
the above synthesis condtitutes aforma synthesis.
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Scheme17: Bennasar'set al, Chem Comm., 2000, 2459-2460
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Nagao's approach®® (Scheme 18, 2000)

Totd syntheses of (+)-Camptothecin and (+)-7-ethyl-10-methoxy Camptothecin  from
racemic ethyl 1-ethoxycarbonyl-3-oxopyrrolidin-2-yl acetate 125 were accomplished via
asymmetric hydroxylaion onto C-20 of racemic 20-deoxyCamptothecin derivaive employing a
chird Davis reagent, (2R, 8aS)-(+)-(camphorylsulfonyl) oxaziridine. This synthess commences
from the known pyrrolidone 125. Kedization of 125 with ethylene glycol under the
conventiond conditions gave dioxolane 126, which was subjected to basc hydrolyss, followed
by N-Boc protection of the pyrrolidine amine group, and subjection to Masaumne reagent system
afforded ketoester 127. After ethylatiion of 127 with NaH in DMF, the resulting compound was
subjected to the deprotection of the N-Boc group and then treated with eéhyl maonyl chloride in
the presence of EtzN-DMAP to obtan amide 128. Dieckmann-type condensation of 128
furnished dihydro pyridine, which was oxidized to pyridone 129. Sdective deprotection of the
diphatic ester in the presence of aromdic one gave monocarboxylic acid, which was converted
to amide 130 via mixed anhydride. Reduction of ester with LiBH,4 to acohol and the treatment
with 6N HCl resulted in the formation of lactone 131. Friedlander condensation of 131 with
aminobenzaldehyde gave deoxy Camptothecin while condensation with  2-amino5-methoxy
propiophenone furnished deoxy 7-ethyl —10- methoxy Camptothecin.
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Scheme 18: Nagao et al, Heterocycles., 2000, 771
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These deoxy compounds, after enolization of with LIHMDS in THF were treated with (2R, 8aS)-
(+) camphor sulfonyl oxaziridine to furnish the Camptothecin and, (+) 7-ethyl-10-methoxy
Camptothecin. The ee obtained by following Davis s protocol were moderate.

o
NH, R1
, Morpoline, toluene A

(on) \/
MeO
o
NH

2

pTSA, toluene, A 132

Shibasaki’s approach® (Scheme 19, 2001)

Shibasaki et al developed a nove chird ligand 1 derived from D-glucose and found that
the Ti-A complex cadyzes a highly enantiosdective cyanoslylation of ketones. Curran’s (one
of the authors) earlier gpproaches involve a hydroxy lactone as key synthon 136 for the syntheses

of Camptothecin family dkaoids.
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Scheme 19:  Shibasski’s et al, J. Am. Chem. Soc., 2001, 123, 9908
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Subjecting 133 to the above conditions catalyzed by Ti-A complex (20%) resulted in the
formation of 134 was obtained in 34% yidd after 6 days with R-configuration. The screening of
the lanthanide complexes showed much higher activity. Thus, the reaction proceeded a —40°C in
the presence of 5 mol% of catalyst prepared from A and Sm (O'Pr) 3 in 1:1.8 ratio giving 134 in
92% yidd and 72% ee. Functiond group transformations resulted in the formation of 136, and
thus completing the forma tota synthesis of Camptothecin. The notable festure of this approach,
i.e cataytic asymmetric cyanohydration of ketone to obtain key intermediate of CPT synthesis in
an enantiosdective way attracts the attention asit isindudtrialy feasible.

Comins Approach: ®° (Scheme 20, 2001)

A practicd sx — step synthesis of §)-Camptothecin was achieved by Comins et al which
involves a dingle step preparation of AB ring precursor 144 and 3 step preparation of DE ring
fragment 142. Thus commercidly avalable 2-methoxy pyridine 137 was lithiated & C-3 with
mesityllithium and trested with N-formyl-N,N,N-trimethylethylenediamine to give a a-amino
akoxide.
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Scheme20: Cominset al, Org Lett, 2001, 3, 4255-4257.
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Addition of n-BuLi effected a-amino dkoxide directed lithiation & C-4 to give the
dianion 138 which was treated with bdine and worked up with NaBH,4 / CeCls to obtain dcohol
139 in one pot process. Alcohol 139 was converted directly to dioxane 140 on trestment with
Nal/TM SCl/paraformadehyde, which upon successive trestment with n-BuLi followed by the
addition of ketoester gave alkoxide 141 in Situ. Addition of HCl /i-PrOH effected protonation,
aceta hydrolyss, and lactonization to afford the desred DE ring intermediae  142.
Commercidly avalable 2-chloroquinoline carboxddehyde 143 was converted to iodide 144, AB
ring intermediate by treating with EtsSIH and TMSl in CHCk .The two fragments were joined on
trestment with tBuOK in DME to provide compound 145 and the find C-ring was cdosed using
modified Heck reaction conditions to address the decreased reectivity of the quindline C-2
haogen (Cl vs Br) i.e. Pd(PPhg) 2(OAC) » (15%), and KOALC.

Authors have achieved the shortest asymmetric synthess of Camptothecin to date,
involving commercidly available heterocycles which makes it a practicd, and amenable to the
large-scale synthesis.

1.1.9 Synthesisof Mappicine Ketone and Mappicine-A Literature Survey

Mappicine ketone 4 and Mappicine 5 have been identified as leads in the search of

sdective anti vird compounds. Generd synthetic methods are required to make the analogues of
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the same for the Structure — Activity relation studies there by lead optimization. Since these are

nor-lactone derivatives of CPT, the chemistry developed for the parent molecule has been
directly extended to achieve their synthesis.

K ametani’s approach®® (Scheme 21, 1975)

The ester 146, made in connection with synthess of Camptothecin was methylated on
pyridone-ring by tregting with diazomethane to get the methyl deivaive 147, which was
reduced to alcohol 148 with LAH. Alcohol was oxidized to addehyde 149 and treated with
diazoethane to introduce ethyl of Mappicine ketone. Ketone was reduced to Mappicine with
NaBHj4. Formation of 147 in low yields dongwith the cyclopropylated by product reduces the
gynthetic utility of the synthess.

Scheme2l: Kametani et al, J. Chem. Soc. Perkin. Trans 1., 1975,1825
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This was gpparently the first synthesis of Mappicine and Mappicine ketone (much before
thelr isolation).

Comins approach®’ (Scheme 22, 1996)

A short and convergent route to Mappicine ketone and Mappicine has been developed
based on their work on Camptothecin. %

Thus trestment of 2-flouro-3-iodopyridine with LDA and methyliodide provided 151 via
halogen-dance reaction. Lithium-iodine exchange and addition of propiorddehyde gave acohal
152, which was oxidized to ketone 153 with PCC.
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Scheme22: Cominset al, J. Org. Chem., 1996,61,9623.
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Hydrolyss of 153 with ag HCI provided ketopyridone 154 whose N-adkylaion with 155 gave
intermediate 156.The Heck reaction was employed to obtain Mappicine ketone which was
reduced to Mappicine according to the Kametani’ s procedure.

Curran’s Approach®(Scheme 23, 1997)

This synthess features in its key sep a BC-ring assambly sarting with bromo pyridone
166 and phenyl isonitrile via a (4+1) radica cascade reaction origindly developed for the
synthesis of racemic CPT,”® and analogues.’! Successive akylation of 157 with ethyliodide and
methyliodide provided the ketoester 158 which upon standard Doebner condensation with
cyanoaceticacid 159 followed by hydrolyss with KOH in ethanol gave the acid 160. Acid was
converted to bromopyridone 161 by treating with PCk followed by saturated HBr solution in
40% vyidd. Introduction of the hydroxy of mappicine was achieved with Davis's oxaziridine with
the TBDPS protected derivative 162. Amide 165 was deprotected and sdectively N-
propargylated to afford the radica precursor 166.The radical cascade was effected by irradiaing
a benzene solution of phenylisonitrile and hexamethyltin to complete the synthess of Mappicine
5.

Enantiomericaly enriched Mappicine directly formed was isolaed in 38% yidd and
60%ee after flash chromatography. Oxidation of 5 with PCC provided Mappicine ketone.

This synthesis is amenable to prepare a wide assortment of MPK derivative on A/B-ring.
Since the radicd cascade reection is tolerant to a wide variety of functiondization, just by

varying the propargyl hdide and isonitrile components in the last two reactions its potentid has
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been demonstrated by the combinatoria library preparation’® of MPK’s in solution phase by the

authors.
Scheme24: Curran et al, Tetrahedron., 1997, 53, 8881.
CN

o NaH, n-BulLi 0 4 |
159
)J\/coowne Etl, THF(78%) /\)‘\(COOMe COOH /\)/\(COOMe
NaH,Mel,DME ACONH,, ACOH, C¢H,
157 (86%) 158 KOH,EtOH100% 160
44%
H
Br N o
PCl,, DCM, HBr || P TBDPSCI, Et;N, DCM LDA, THF, HMPA TBAF THF,
—_—
40% 100% X X=Cl 72%
X X=H
AN 163
161 162 R=TBDPS ~ ©°%© 164 X=Cl,47%(60%ee)

X=H,30%(41%ee)

X
H NaH, LiBr \
N

Br Br N

o

PhNC, MegSn,, CeH,

P

PCC, DCM

Irradiation 85%

38%

" OH

165 166 5
Boger’s Approach™ (Scheme 25, 1998)

Centrd to ther synthess is the implementation of room temperature inverse eectron
demand Dids-Alder reaction of the N-aufonyll-aza-1,3-butadiene for the introduction of
pyridone D-ring with assemblage of the full carbon skeleton of MPK. Wadsworth-Horner-
Emmons reaction of [3-ketophosponate 167 (prepared with dight modification of Ciufolini’s
Method) with 168 provided a, 13- unsaturated ester 169. The direct TiCl, —promoted (1.5 eq)
condensation of 169 with methanesulfonamide provided 170, which was directly employed in
DA with out purification. Treatment of 170 with 1,1-dimethoxy-1-propene a room temperature
led to the formation of the 4+2 cycloadduct 171. Notably incorporation of the no complimentary
C4-EWG resulted in a DA cycloaddition that proceeded a 25°C presumably by lowering the
diene LUMO without dtering the inherent cycloaddition regiosdectivity. This adduct was
aomatized with t-BuOK to provide 172 without intermediate isolation. Addition of EtMgBr to
172 in the presence of a 3-amine proceeded cleanly  to give the corresponding ethyl ketone 173
without competitive 3° acohol formation.



Scheme 25: Boger et al, J. Am. Che. Soc., 1998,120,1218.
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Benzylic and pyridone methylic ethers of 173 were deprotected with saturated solution of
HBr in trifluoroethanol and resulted bromide was treated with K,COs to give the Mappicine
ketone. Reduction of the 4 with NaBH,; afforded Mappicine and reduction with (S-BINAL-H
afforded (9-Mappicine. This concise and efficient synthess, which demondrated the wise
implementation of hetero DA with overdl yied 35% (from 167) is extendable to the synthesis of
the other analogues of the parent family and the best synthess for Mappicine and Mappicine
ketone devised yet.

Yadav's approach’ (Scheme 26, 1999)

Yadav et al condensed pseudo acid chloride with tricyclic amine, a drategy origindly
developed for the synthesis of CPT earlier,” to get the key retron, which had been converted, to
MPK. Thus, pyranyl ether of propargyl dcohol 174 was dkylated with propand to provide
compound 175, Protection of 2° hydroxy as benzoate and deprotection of the pyranyl ether
provided compound 177, which upon PCC oxidation furnished ddehyde 178. Dids-Alder

reection of 178 , key reaction to form the furan, with oxazole 179 gave the perisdective adduct
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180. This adduct was reduced to acohol 181 with NaBH4 and converted to butenolide unit 182
usng MnO, and 35% HCI in THF. Compound 182 was then treated with thionylchloride to get
the pseudoacid chloride 183 whose coupling with tricyclic amine provided 184 that cyclized to
form the key retron 185.

Scheme 26: Yadav et al, Tetrahedron., 1999, 55, 5449
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Reductive dechlorination of 185 under catdytic hydrogenation conditions provided the benzoate
derivative of Mappicine 186. Removd of benzoate with sodium methoxide furnished Mappicine
5, which was oxidized to Mappicine ketone 4 with PCC. This convergent synthess demonstrated
the generdity of the origind drategy to the naturdly occurring analogues of Camptothecin. This
ample and efficent synthess involves readily avaldble sating materids and is amenable to the
preparation of AB ring subdituted andogues as it involves preformed ABC synthon by
Friedlander condensation.
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Greene's Approach’® (Scheme 27,2000)

Greere et al employed a double Michadl reaction to assemble the indolizino quinoline
ring sydem from 23-disubgtituted quinoline and pyridone formation from piperidone with
concomitant loss of EWG group. Amine 187 obtaned from Meth-Cohn quinoline
carboxadehyde via the known bromide and azide route, was acylated with 188 to give amide
189. Stlle coupling of 189 with sannane 190 provided the olefin 191, which underwent efficient
double Michad addition in the presence of TBDMSOTT to give the 192 as a mixture of epimers.
Ozonolyss of 192 provided the keto-ester 193 that was hydrolyzed to acid and dehydrogenated
in the presence PJ/C in refluxing cymene to afford Mappicine ketone 4. This synthess highlights
a new pyridone agpproach that combined intramolecular double Michagl addition, and oxidation-
decarboxylation sequence and yields Mappicine ketone 4 in 20% yidd and 6 seps from the
reedily avallable sarting materid.

Scheme 27:  Greeneet al, J. Org . Chem., 2000, 65, 5212
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|hara’s approach’’ (Scheme 28, 2000)

The highlight of the dx-step forma synthess of Mappicine is an intramolecular hetero
Dids-Alder reaction to congtruct the CD-ring sysem. The reedily avalable 2-chloroquinoline
194 under Sonogashira coupling conditions i.e 5% Pd(PPhg)s/Cul produced (trimethylsilyl)
acetylene derivative 195, after trestment with sodium azide, CBr4 and triphenyl phosphine. Azide

195 was subjected to reduction with triphenylphosphine followed by condensation with fumaric
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acid monomethylester 196 in the presence of BOP to give rise to the amide 197.Intramolecular
hetero Dids-Alder reaction of 197 led to the cycloadduct 198, which was treated with agq HBr to
provide the ester 199. The EWG did not impede the cycloaddition rather it promoted the auto
oxidation of the cycdoadduct. Finaly compound 199 was transedterified to obtain methyl ester
200 of Kametani’s synthesis to complete the forma synthesis of MPK and Mappicine.

Scheme28. |haraet al, J. Org. chem., 2000, 65, 7110
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Synthesis of Mappicine ketone by degradation of Camptothecin

Although Camptothecin is available in quantity from the biomass of both Camptotheca
acuminata and Nothapodytes foetida, Mappicine ketone 4 and Mappicine 5 are present only in N.
foetida extracts, and their low abundance prohibits isolation of meaningful amounts. Degradation
of CPT to Mappicine ketone and Mappicine makes avaldble multigram quantities of
compounds, related to 4 and 5, which are of interest in medicind and pharmacological research.
Efforts towards degradation of Camptothecin to Mappicine are shown in Scheme 29.

Kingsbury’s Method’® (Tetrahedron Lett., 1994, 35, 6847)

Kingsbury et al effected the rearrangement of Camptothecin to Mappicine by chemicd
means i.e treding the former with sodium azide in hot DMF solution. Sodiumborohydride
reduction of the ketone gave Mappicine. Apparently this was the firs chemicd rearrangement of
the Camptothecin to Mappicine ketone.
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Fortunak’s Method’® (Tetrahedron Lett., 1994, 35, 5763-5764)

Camptothecin was smoothly converted to Mappicine by refluxing in DMF for 4days or in
tryglyme for 6hrs. This method is superior to the Kingsbury’s method, as it does not require any
chemical reagent, thus environmentally benign.

Scheme 29:  Synthesis of Mgppicine by degradation of Camptothecin
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Das's M ethod-1%° (Tetrahedron Lett., 1998, 39, 431)

Camptothecin  was treated with borontriflouride etherate in tetrahydrofuran to give
Mappicine ketone in 65% yidd. Alternatively Camptothecin was irradiated with out any solvent
under microwave irradiation for 7 minutes to form the ketone in 96% yield.

Das's M ethod-2%! (Syn. Comm., 2000, 30, 3321)

Camptothecin was refluxed in dry THF in presence of NaHSO,;-SO, catdyst for 2.5 hrs
to afford Mappicine. Inexpensve, nonthazardous catdyst, operationd smplicity and high yidds
of the product makes this method an dternative and attractive to the existing methods.

Conversion of Mappicine ketoneto (R) or (S) Mappicine

Efforts have been addressed to synthesze Mappicine in opticdly pure form from the
Mappicine ketone by employing biocatayds.

Das's Approach® (Scheme 30, 1998)

Camptothecin has been converted to S-mappicine via Mappicine ketone by Baker's yeast
reduction of Mappicine ketone yidded (S)-mappicine in phosphate buffer solution of pH 7.2 in
74% yield and 86% ee.

Scheme 30: Daset al, Bio. Org. Med. Chem. Lett., 1998, 1403

Baker'syeast
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Das ‘s approach® (Scheme 31, 1999)

This Chemoenzymétic enaintiosdlective synthess of (R-and (S)- Mappicine involves
hydrolyss of racemic Mappicine acetate in an enantiosdecive way racemic Mappicine acetate,
was prepared by treating rac Mappicine with acetic anhydride and pyridine. Thus hydrolyss of
rac 201 with baker's yeast afforded (S)- Mappicine in 48% yield and 97% ee. Lipase Amino-PS
hydrolyzed (R)-Mappicine acetate in 47% yield and 92% ee .The unchanged acetates in both the
cases were hydrolyzed chemicdly by refluxing with 10% aq K2COs; solution to (R) Mappicine
and (S) Mappicine respectively.

Scheme 31: Daset al, Tetrahedron., 1999, 55, 7875
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Thus authors have identified two bioactive catdysts, complimentary to each other for the
conversion of rac-Mappicine to either of the enantiomersin an opticaly pure form.
Das approach® (Scheme 32, 2000)

In this approach enantiosdective acetylation of the rac-alcohol was employed. Mappicine
was subjected to acetylation in the presence of Candida cylindrical lipase with vinyl acetate to
foom (S-Mappicine acetate leaving the (R)-Mappicine unchanged (97% ee). (S)-Mappicine
acetate was chemicdly hydrolyzed with aq K>COs; solution under refluxing conditions to
produce (S)-mappicine with (97% ee).
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Scheme 32:  J. Chem. Res., 2000, 476.
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This efficent chemo enzymatic synthess of (R)- and (S)- enantiomers of Mappicine is
atractivein theterms of ee obtained.
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CHAPTER 1

SECTION Il

Synthesis of Camptothecin

PART A
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1.2.1.1 Introduction
In light of the impressive biologicd activity and intriguing mode of action reported for 1,
we decided to develop a synthetic route for Camptothecin amenable to its naturd and synthetic

anaogues.

1.2.1.2 Present work

Our retrosynthetic andyss of Camptothecin, shown in Schemel, reveded an
intramolecular ddol condensatiorf® of the a-hydroxy b-ketoester 2 (caled ketol heresfter) to
condruct the pyridone ring while placing the necessary functiondities for the E-ring elaboration.
Scheme 1. Retrosynthetic analysis

Ketol 2 was thought to be obtained from olefin 3, which in turn could be made from
tricydic synthon 4. We envisaged a reductive aminationtMichagl addition sequence of a a, 13-
unsaturated edter adehyde 5 to condruct the tricycdlic synthon 4 snce the later being
conceptualy one of the smplest methods for the construction of b-amino esters®

1.2.1.3 Results and Discussions
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We chose the Meth- Cohn's aldehyde 687 as the AB ring synthon for two reasons .1) It
has the amply and appropriately placed handles (hao, formyl) for the further elaboration
O X @
N
6
2) Meth-Cohn's quinoline synthess has got the inherent flexibility to obtan the subdtituted
andoguesin ardatively smple manner®® and obviates the need for the expensive and unstable
0-aminobenzal dehyde.
Aryl haides have been olefinated by Heck reaction conditions® In fact haoguinolines
have been converted to olefins under Heck reaction conditions.*

Scheme 2
s
8

7

COOR

Functiona group tolerance and the ready avalability and low cog of dmple olefins,
compared to the vinyl metd compounds that are employed in the corresponding Suzuki, Stille,
Kumada, and other cross-coupling reactions, contribute to the exceptiond utility of the Heck
arylation. So we preferred Heck olefination to other reactions for placing the a (3-unsaturated
eder. While our work was in progress two research groups published the synthesis of
Camptothecin analogues, which employed the same substrate and Pd-chemistry.®* Knowing the
rductance of chloroquinoline adehyde to participate in Heck olefination,® we reasoned and
planned to try the same on iodo andogue. Most notable drategies for the congruction of
pyrrolidines are intramolecular N-akylations®® 3+2 cycloadditions® and Li-, Pd- or lanthanoid-
cadyzed cydizaions®® Among the different methodologies found in the literature for the
preparation of [Famino esters, one of the most widely used is the conjugate addition on to
Michael acceptors®® Suitably designed aryl hdides are known to give the cydic amines via
cascade paladium-mediated cydlizations®” % Among the latter one, the intramolecular tandem
aminations of olefins formed in olefination attracts the atention owing to ther ability to form the
heterocyclesin rdatively short synthetic sequence.
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Thus with the hope of getting the tricyclic amine formation in a sngle pot  we planned to
attempt the Pd - mediated olefination on the amine 9 as shown in Scheme 3.

Scheme 3:

X
N — N \ — N

COOEt COOR

Condensation of iodoaldehyde 6, obtained by the Finklestein reaction®® from the chloro
addehyde according to reported procedure with benzyl amine i.e Schiff's base formation was
examined in different solvents and methanol was found be the suitable solvent. Thus equimolar
mixture of adehyde and benzylamine was dirred in methanol at GC to form the Schiff’s base in
quantitative yield. Reduction of this addimine was caried out directly in methanol a& OC in the
same pot with sodium borohydride to give the corresponding secondary amine in high yied and
in very short reaction time. Thus, this sepwise one-pot procedure involving imine formation in
methanol followed by in situ reduction with sodium borohydride appeded as a potentidly very
efficdent and convenient dternative for conducting reductive aminations, obviating the need for
the NaCNBH3 an expensive and hazardous agent.

Scheme 4:
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'H NMR spectrum of 9 showed dong with the quinoline protons, a multiplet a& d 7.42
(5H) and gnglets a d 3.75 and d 3.73 and the absence of ddehydic proton a d 10.3 suggesting
the secondary amine formation. **C spectrum showed two secondary carbons a d 55.96 and d

5340 assigned to the two benzylic methylenes. Mass spectrum further confirmed the same by
revealing m/z pesk a 374.



Unfortunately the attempted Heck reaction under various conditions resulted in
intractable mixture of compounds.

Scheme 5:
Pd(OAc), Bu,NCl, Na,CO,
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©\/I\N " l N—""
~ H N/
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' 4
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Though we faled to redize the above trandformation, we were contented a this stage
with successful converson of the formyl to amine functiondity.

Then the stepwise and reversal of the above sequence was in order.

Among various conditions tried, ddehyde 6 under went olefination with ethylacrylate
with 5 mol% Pd (PPhs) 4#/NaOAc /DMF/100°C conditions to give olefin 13 in 74% yield dong
with some reduced product. (The success of the reaction depends manly on the reaction
temperature and the amount of the caidyst. No attempts have been made to optimize the
reaction)

Scheme 6:
5mol% Pd(PPh;), NaOAc
mCHO DMF, 100°C wHO
N7 _~~COOR N \

“~COOR
6 74%, 12h 13

IR spectrum of 13 showed the absorptions at 1710 cm* characteristic of a, R unsaturated
ester. *H NMR spectrum showed dong with the quinoline protons, two doublets a d 7.25 (1H)
and 82 (1H) (merged with one of the quinoline H suggesting the incorporation of the acryl ate
moiety -CH=CH-COOEt, dong with a anglet a& d 10.35 for -CHO. Mass spectrum showed m/z
peak at 255.

Having obtaned olefin-tethered addehyde, we next focused on converting the adehyde
functiond group to amine, by employing the conditions that have been optimized in earlier case
i.e in the preparation of compound 9. Thus equimolar mixture of adehyde 13a and benzylamine
was gtirred in methanol at 0°C to form the Schiff’ s base in quantitative yidld.
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Scheme 7:
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13a 4

The reduction of this ddimine was caried out directly in methanol a 0°C in the same pot with
sodium borohydride to give the corregponding secondary amine. The amine suffered an
intramolecular Michael addition upon dlowing it to reech the room temperature to form the
tricydic amine 4, thus avoiding the separation a secondary amine stage and the need for separate
transformetion for Michael addition (Scheme 4).

'H NMR spectrum of 4 showed, apart from quinoline and ester protons, a multiplet a d
7.3 (5H) and singlet at d 4.27(2H) assigned to —N-CH,CeHs, a triplet at d 4.62, two dd at d3.79
and 334 (1H each) assgned for -CH-CH,-COOEt combindy suggesting the formation of
tricycic compound formation. Mass spectrum further substantiated the Structure by reveding the
m/z at 346. *C NMR spectrum showed the pattern of N-benzyl pyrrolidone.

Smilar tandem transformation has been reported by Akio Baba et al*®® on a, b-
unsaturated enones, (while this study was in progress) by employing tributyl tinhydride as the
reducing agent to have sdectivity for imine over carbonyl enone and he has extended the same to
the preparation of piperidones and other N-heterocycles.

At this stage, encouraged by the success of Heck reaction with smple acrylic esters and
the tandem reductive amination-Michad addition, we reasoned that introduction of the
functiondities for the D-ring formation during Heck olefination would reduce the number of
steps and there by increase the convergence of the synthesis. Literature survey reveded indeed
such a methodological precedent’® wherein it was shown that dienoate gives the d-adduct with
BnNH;,, and b-adduct with the copper reagent and a mixture of both with lithium reagents.

Having been aware of the literature precedents of arylation of dienes under Heck
conditions'®? and the 1, 6 addition of the amines to 2,4-dienoates combindy led us to consider
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the introduction of 2,4-dienoic ester on to quinoline as Michagl acceptor. Thus the required diene
14a was prepared by condensing acrolein with ethyl maonate in presence of pyridine while 14b

was made by the Wittig reaction of acrolein with phosporane!®®

Arylation of these dienes under
the above conditions yidded 13b & 13c (Scheme 8. *H NMR spectrum of 13b showed, apart
from ester and quinoline protons, a doublet a d 6.27 (1H), 7.6(1H), 7.88 (1H) and 8.6 (1H)
assigned to the olefinic protons ( d, a, b, ? -merged with the quinoline protons) and addehydic

proton at d 10.35. Mass spectrum of 13b showed m/z peak at 281.

Scheme 8:
~CHO Pd(PPh,), NaOAc ~-CHO N
DMF, 100°C NBn
Z > X Z
N ' N
R
— —
5 COOHEt \
14a R=H R COOEt R’ COOEt
14b R=Et 13b R=H, 72%

13c R=Et, 70%

'H NMR spectrum of 13c showed, apart from olefinic, ester, quinoline and adehydic
protons, a triplet a d 1.4 (3H) and quartet at d 2.6 (2H) assigned to the ethyl functionality. Mass
gpectrum showed molecular ion pesk at 304.

With the suitable diene tethered ddehydes 13b and 13c in hand, we next focused on the
formation of skeeon tricyclic under the above st conditions. To our disgppointment, the
atempted cydlization under above st reductive conditions led to the formation of intractable
mixture of compounds and under reported conditions aso the reaction failed to give the expected
product.

Having been successful in the preparation tricyclic core 13a in a short sequence, we
decided to go Stepwise about incorporation of the functiondities for the congtruction of the other
two rings. N-protecting group of 4 needed to be changed to carbamate keeping the further
chemigry and the deprotection a the later stage in view. Among the myriad of protecting groups
for nitrogen, the Cbz moiety is regarded as one of the most ussful in synthess. Ingalation of this
protecting group follows from a standard protocol involving trestment of an amine with CbzCl
or the eguivdent. The vaue of this blocking group lies in its susceptibility to deprotect under
conditions that are orthogona to other functiond groups in the molecule. At a laer dage it
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would demand the sdlective deprotection of carbamate in presence of a, 3 unsaturated ester, for
the reason, which we chose the benzyloxy carbamate.

Thus under dandard hydrogenation  conditions N-benzyl amine  underwent
hydrogenolysis to provide 2°-amine which was protected as benzyloxy carbamae 15 by
condensing with benzylchloroformate in presence of K,COs3 (Scheme 9).

Scheme 9:
Ph 1) H, (60 psi),
X 2 A
N—/ 10%Pd/C(10mol%), 12h mbz
=
N N
COOR 2) Benzyl chloroformate COOR

DCM, K,CO,
4 76%, 1h 15

\

We resorted to Wittig reection to place the olefin. Wittig reaction of ddehyde with a
phosphorus ylide is one of the most commonly used protocols for forming subdituted olefins.
When dahilized ylides (a-EWG) are employed for the preparation of a, b-unsaturated carboxylic
acid derivatives, the products are generdly obtained with very high levels of E-sdectivity.

Careful reduction of 15 with Diba-H furnished adehyde 16. The H spectrum of 16
showed the aldehyde proton a d 9.8 and the absence of ester protons. Mass spectrum showed
m/z pesk at 346. Owing to its ingtability, the adehyde with out purification was subjected to the
Wittig olefination with phosporane 17 to furnish a, 3 unsaturated ester 18 in good yield (Scheme

16).
Scheme 10:
PPh,
\)Lcooa
X Dibal-H X 17 A
_ NCbz o _ NCbz _— NCbz
N DCM, -78% N DCM, 1t N7
2.5h CHO 12h, 80% \
EtOOC COOEt
15 16 18

IR spectrum of 18 showed the absorption a 1715cmt confirming the a, R unsaturated
ester. 'H NMR spectrum showed, apart from quinoline and benzyl protons, a triplet a d 0.85
(3H) & amultiplet a d 2.20 assigned for ethyl substituent  while gppearance of atriplet at d 6.45
(1H) was assgned to the olefinic proton (CH,CH=C-). Mass spectrum showed molecular ion
peak at 444.
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It was decided to deprotecet the Cbz with TMSI awing to the presence of highly reactive
olefin, which would interfere with other means of deprotection. lodotrimethylsilane (Me;Sil) is a
commercidly available reagent and, as an inexpensive in situ dternative, can be easily prepared
without any solvents or under mild conditions by trestment of chlorotrimethylslane (Me;SCl)
with sodium (or lithium) iodide in acetonitrile (as an MesSil equivaent). It is used extensvey
in the deprotection of methyl and benzyl esters, ethers, carbamates, and in the deoxygendion of
sulphoxides. These chemicd properties of MesSil are due to the weak S bond and an intrinsc
high affinity of the slicon atlom for the oxygen aom.

Selective deprotection of Cbz carbamate of 18 with TMSCI / Nal reagent gave secondary
amine, whose indability necesstated with out purification immediate condensation with
carbethoxy acetyl chloride to furnish amide 3 in 68% yidd.

Scheme 11;
NCbz 1. TMSCI/ Nal/ CH4CN, 1h
~
N 2K,cOo, @
23 | _cooEt
\_cooet oA~
18 2h 66%

The prochira double bond has been drategicdly placed to introduce the hydroxy group,
(C20-OH) of the target molecule. The depwise oxidation of olefin i.e. Sharpless asymmetric
dihydroxylation (ADH), and the oxidaion of the 2° -OH would assamble the reguired
functiondity in an enatntiosdective manner.

It has been shown in literaure'® that KMnO, oxidizes the olefins especidly
trisubgtituted ones, to the corresponding hydroxy ketones involving 4€ oxidation (Scheme 12).

Scheme 12:
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O KMnO, o e}

/\H‘\OMe Acetone, H,0, AcOH MOMe
OH
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0 CH,Cl,, t-BUOH,H,0 0
/ -
79% OH

0 KMnO,

N\ —NR*
>//—>:>/ Acetone, H,0, AcOH
= g = YOH
65% -
° OH

23 24
Indeed KMnQO;4 is known to do the hydroxylation of the auxiliary tethered substrate 23 in
stereoselective manner.!% Intrigued by the possibility of obtaining the ahydroxy Rketoester in a
gngle pot by KMnO4 and with the idea of standardizing the chemistry with achird subgrates, we
subjected the ester 3 for KMnO,4 oxidation in presence of acetic acid (acidic pH). As anticipated
the smooth reaction ensued to furnish ketol 2 in 90% yidd (Scheme 13).
Scheme 13:

O

N\<; KMnO,, AcOH, N{
COOEt COOEt

Acetone : H,0, -10°C
COOEt 30 min, 91%

3 2 OH

IR spectrum of 2 showed absorption at 3485cmit and 1744cmit typicd of the hydroxy
ketone functiondity.'H NMR spectrum showed the absence of olefinic protons and appearance
of multiplets a& d 1.98 (2H), 0.75 (3H) for -CH,CHz (the increesed multiplicity of these
indicates the adjacent quaternary center of the diastereomers) and at d 3.7 (m, 2H) is assigned to
methylene adjacent to keto group (-CH.CO-). *C NMR spectrum confirmed the presence of
ketone carbonyl pesk a d 204.8 and the newly formed quaternary carbon a d 84.16, thus
indicating the formation of ketol 2. Mass spectrum showed m/z peak a 456 corresponding to the

formula CosHo507N 5.
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Having made the subdraie with the necessary functiondities, the stage was st to
ascertain the proposed drategy. Pleasingly, trestment of 2 with NaH in tetrahydrofuran & room
temperature resulted in the formation of dihydro pyridone 25.

Scheme 14:

N\</ NaH, THF
COOEt —— >
¢) 1h, 90%

COCEt
2 OH

IR spectrum of 25 showed the absorption a 1765cmi* and 1679cmt. The product was
identified as diastereomeric mixture of 25 from its *H NMR spectrum, which showed the
absence of active methylene & ethyl ester protons of the maonate ester and the gppearance of
increased multiplicity of ethyl protons in the region d 20- 2.5, the pyridone protons at d 33.5
and. the ester protons a d 4.25 & d 1.5 confirm the formation lactone as diastereomeric mixture.
13C NMR spectrum showed the absence of carbonyl carbon of the ketone and the active
methylene confirming intramolecular condensation. Mass spectrum revealed m/z pesk at 392.

Compound 25 was found to undergo oxidation to pyridone 26 upon long exposure to air,
which indicates its high reduction potentid. Chemicdly, the oxidation of dihydropyridone 25 to
pyridone was effected with DDQ in refluxing dioxane in good yield.

Scheme 15:

COOEt

26

'H NMR spectrum of 26 showed apart from the 5-quinoline and ester protons, the
presence of a singlet a d7.52 (1H), assgned to the pyridone proton, two digtinctive multiplets at
d 21 & 25 (1 each) and the triplet a d 1.02 (3H) assigned to CH,CHs_. *3C NMR spectrum
showed a CH a d 94.51 assigned for the pyridone carbon. Mass spectroscopy showed the mv/z
390.
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Pyridone 26 had dl the atoms placed in the proper positions for the daboration to lactone
E-ring and just the adjusment of the oxidation states of carbons should complete the synthess of
Camptothecin.

Towards this end, attempted reduction with NaBH,4 resulted in the decarbonylative loss of
the ester resulting in the formation of butyrolactone 27 (Scheme 16).

Scheme 16:
o)
Y NaBH, NN
NTON MeOH or THF NN\
30 min, 89% o)
06 COOEt .

'H NMR spectrum of 27 showed the presence of a singlet (2H) merged with triplet (1H)
a d 537 (appearing as singlet) and the disappearance of ester protons (quartet and  triplet)
suggested the structure to be 27. 13C NMR spectrum of 27 confirmed the absence of the carbonyl
of ester. Further evidence comes from the Mass spectrum, which showed molecular ion pesk at
318 corresponding to the C19 Hi4 N2Os i.eloss of ester group COOEL.

Further it was confirmed by chemica means i.e Diba-H reduction of the 27 gave the diol which
confirms the decarboxylated lactone.

Chavan et al % had employed Dibal-H reduction for the selective reduction of aromatic
eder in presence of diphatic one. Since the pyridone 26 has the smilar grouping, i.e one
cabonyl being the conjugated, it was subjected for the reported conditions with the hope of
achieving the sdective reduction. Unfortunately it resulted in the complex mixture, which could

not be purified.
Scheme 17:
DIBAL-H
0 —_— Complex Mixture
THF

26 COOEt
Ciufdini et al in thdar synthess'™®’ addressed the perils associaed in Smilar
trandformations and they have successfully reduced the amide 28 to diol 29 with modified
Luche's procedure.

Scheme 18:;
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CeCl,/ NaBH, X H o)
> =
EtOH N~
OH
29 CONEY,

The attempted Ciufolini’s procedure (CeCk.7H,O / NaBHj) on 26 dso resulted only in
the decarboxylated compound 27.

It has been demonsrated'®® that the lactone carbonyl can be sdectivdy reduced to
acohol in presence of amide carbonyl using lithium borohydride.

Scheme 19:
LiBH, SN
0 ” z OH
EtOH NT T\
OH
CONH, CONH,
30 31

Hence we thought of preparing the amide 30 by replacing the edter functiondity right in
the early dage where it was ingdled i.e. Wittig stage and repeat the synthetic ®gquence with a,
[3-unsaturated amide.

The datempted Wittig sdt formation from the bromo amide 33 obtained from acid
chloride 32 under Schotten — Baumann conditions falled to give the phosporane 34. Literature
search shows that a, 3 unsaturated amides are often been made via Horner-Wadsworth-Emmons
(HWE) reection raher than Wittig reaction of the ddehydes with corresponding
phosphonoamides. Hence we prepared phosphonoamide 35 through Arbuzov method i.e. by
refluxing POEt; with bromo amide 33.

Scheme 20:
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CONE
PPh, N 2

PPh,
Br Na,CO.:DCM Br
8~0s P(OEt), CONE,
32 33 reflux PO(OE t)z
35

Attempted HWE reaction of the ddehyde gave a complex mixture, which could not be
characterized. This failure of the olefination left us with the only one option of making the amide
by coupling the acid and the amine since the direct amination of the ester couldn’t be tried due to
the presence of a, 3-unsaturated Michael system.

Thus hydrolysis of the eter 18 with ethanolic KOH a 10°C resulted in the formation of
the acid 36. Treatment of the acid with oxaoyl chloride resulted in the formation of the acid
chloride, which was bubbled with NH; gas to furnish amide 37. But the lower yidds obtained
forced us to use the peptide coupling reagents to activate the acid and condense with amine. Thus
treetment of the acid in presence of HOBT and DCC with diethyl amine or piperidine gave the
amides 38 & 39 respectively.

Scheme 21.
X A
N (or) HOB, Aming N
COR 4n, 70% \ CONR,
R=H 37
18, R=0R——
20% KOH R=Et 38
36, R=0H | R, = Piperidine 39

Carbamate protection was smoothly removed with TMSI and condensed with maonyl
chloride to obtain the malonamide 40.
Scheme 22:

S X O
N Ethylmalonyl chloride N COOEt
}CONRZ 30 min CONR,
38 40

Having been able to obtain amide 40, we believed that mere repetition of the above
sequence should complete synthesis of target molecule. Unfortunately the attempted KMnOgq4
oxidation falled to provide the ketol of the amide 40.
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Falure to inddl the hydroxy keto amide in a single step, led us to condder Stepwise
process for the same i.e hydroxylation and oxidation of 2°-OH to keto group.

To our dismay, amide 40 showed reluctance to undergo the dihydroxylation even with
0s0..
Scheme 23:
KMnO,, AcOH,
0s0O,

— >
NMO, Acetone:Water

Literature survey reveals that Stork et al have converted the corresponding
tetrahydro derivative 42 to Camptothecin.'®

Scheme 24:
@)
refzs A N
O et =
NN\

o
\

42 COOEt 1 OHO

Finally we were compelled to resort to the Gilbert Stork intermediate i.e a step

backward in the synthesis from dihydro to tetrahydro pyridone.
Thus careful reduction of 25 with 10% Pd/C, H, provided 42 and since 42 (Stork’s

intermediate) has dready been converted to Camptothecin this completes the forma synthess of
Camptothecin.
Scheme 25:

Pd/C, H,(100 psi)

12h

25 COOEt 42 COOEt

'H NMR spectrum of 42 showed the presence of multiplet a d 3.19 and 2.81 assigned to
the protons at ring junction, formed by the addition of hydrogen. Mass spectrum confirmed the
addition of 2 units by reveding a peak at m/z 394.

It is pertaining to mention that the high loading of the catdys and the forcing conditions
results in the formation of octahydro derivative.
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1.2.1.4 Conclusion:

We have successfully demonstrated the Heck olefination of Meth-Cohn quinoline
iodo aldehyde and developed a facile synthesis of tricyclic intermediate, which is a key
synthon in many earlier synthesis of Camptothecin by a tandem reductive amination —
Michael addition sequence. A new pyridone approach with the concomitant placement
of the E-ring functionalities has been devised for the synthesis of Camptothecin, which

has the potential inherent flexibility for the asymmetric version.
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1.2.1.5 Experimental
1 Benzyl- (2-iodo-quinalin-3-ylmethyl) amine [9]

Seqns
_ H
N |

9

Quinoline ddehyde 6 (2.85 g, 10 mmol) and benzyl amine (0.75 g, 10.6 mmol) were
mixed in MeOH (20 mL) at rt under a N @amosphere. The mixture was dirred a rt for 1h, until
the adimine formation was completed (monitored by TLC). The adimine in MeOH was cooled
to 0°C and carefully treated with NaBH4 (0.6 g, 1.6 mmol) and stirred for 10 min. and then
brought to room temperature and dlowed to sir for lhr after which methanol was removed
under reduced pressure, added water and extracted with CHCl; (3x20 mL). The combined
organic extract was washed with saturated agueous NaCl, dried (MgSO,), concentrated and
purified by column chromatogrgphy over dlica g usng ethyl acetate-pet ether (3:7) as duent to
obtain amine 9.

Molecular Formula : Ci7H1sIN>, 374.2

Yield : 3.55 g, 95%

IR (CHCL) : 3340,1614, 1360cm’*;

'H NMR (200MHz) : d: 7.93 (d, 8.27 Hz, 1H), 7.81 (s, 1H), 7.6 (d, 1H), 7.52 (d, 1H), 7.42 (d,
1H), 7.42-7.2 (m, 5H), 3.75 (s, 2H), 3.73 (d, 2H).

13C NMR (50MHz) :d: 148.66 (C), 139.79 (C), 135.69 (C), 135.29 (CH), 129.93 (CH), 128.66
(©), 128.57 (2C), 128.36 (CH), 128.29(CH), 128.08(CH), 127.67 (CH),
127.15 (CH), 127.06 (CH), 125.29 (C), 55.96 (CHy), 53.40 (CH,).

M ass mv/z (%) : 374, 372, 283, 268, 230, 217, 191, 142, 128, 115, 91, 77, 65.

2. 3-(3-Formyl-quinalin-2-yl)-acrylic acid ethyl ester [134]
XY N0

=

N\ om
13a o)

To a dirred solution of the adehyde 6 (142 g, 5 mmol) in anhydrous DMF (15.0 mL)
were added Pd(PPhg)s (0.285g), NaOAc (1.23g, 15 mmol) and ethylacrylate (0.65 mL, 6 mmol)
a room temperature, and the mixture was heated to 100°C for 12h. The reaction mixture was
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filtered through Cdlite, the filtrate was concentrated and purified by column chromatography
(905). Elution with 8:2 mixture of hexanes- EtOAc afforded the olefin 13a asaydlow solid.
Molecular Formula :CisH13NO3 255.3

Yidd 1 0.946 g, 74%
M.P. 1 119°C.
IR 13020, 1707, 1640, 1371, 1297, 1273 cmi™

IH NMR (200MHz) : d: 1045 (s, 1H), 8.72 (d, J = 15.14Hz, 1H), 8.67 (s, 1H), 8.18 (d,
J=83Hz, 1H), 7.97 (d, J = 8.3 Hz, 1H), 7.94 (t, J = 7.32 Hz, 1H), 7.67 (t,
J=8.3Hz, 1H), 7.34 (d, J = 15.14Hz, 1H), 4.39 (g, J =7.32, 1H), 1.36 (t, J
=734, 3H).

13C NMR (50MHz) : d: 190.03(C), 166.33 (C), 151.53 (C), 149.24 (C), 142.74 (CH), 138.92
(CH), 130.03 CH), 129.86 (CH), 128.91 (CH), 128.18 (CH), 127.42 (C),
127.02 (C), 126.78 (CH), 60.78 (CH,), 14.25 (CHs).

M ass, m/z, (%) 1 255 (6, M*), 229 (10), 212 (15), 198 (16), 182 (100), 156 (50), 128 (50),

101 (30), 77 (29).

5-(3-Formyl-quinalin-2-yl)-penta-2, 4-dienoic acid ethyl ester [13Db]

Molecular Formula :C;7H1sNO3 281

Yidd . 12%.

IR (CHCl) : 3020, 1707, 1640, 1371, 1297, 1273 cmi ™.

'H NMR (200MHz) : d 10.37 (s, 1H), 8.60 (s, 1H), 8.13 (d, J = 8.3Hz, 1H), 8.06 (d, J =
15.04Hz, 1H), 7.88 (m, 3H), 7.64 (m, 2H), 6.27 (d, J =15.14Hz, 1H), 4.29
(g, J=7.32, 2H), 1.36 (t, J = 7.34, 3H)
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2-Ethyl-5- (3-formyl-quinalin-2-yl)-penta-2, 4-dienoic acid ethyl ester [13c]

Molecular Formula :Ci9H19gNO3 304.37

Yield . 70%

IR : 3020, 1707, 1640, 1371, 1297, 1273 cmi™.

'H NMR (200MHz) :d: 10.39 (s, 1H), 8.60 (s, 1H), 8.20 (d, J = 15.14Hz, 1H) 8.08 (d, J =
8.3Hz, 1H), 8.03 (s, 1H), 7.96 (m, 2H), 7.65 (m, 1H), 7.4 (m, 1H), 4.33 (q,
J=7.32, 2H), 2.70 (q, 2H), 1.39 (t, J = 7.34, 3H), 1.19 (t, J=7.34, 3H).

3. (2-Benzyl-2, 3-dihydro-1H-pyrrolo [3,4-b] quinoline-3-yl)-acetic acid ethyl ester [4]

N
NBn
~
N OB
4 0

Quinoline ddehyde 13a (1.27 g, 5 mmol) and benzylamine (0.375 g, 6 mmol) were
mixed in MeOH (40 mL) a rt and stirred for 1h. The ddimine in MeOH was cooled G°C, treated
with solid NaBHs (0.6 g, 16 mmol) .The reaction mixture was sirred for 10 min and it was
brought to room temperature and alowed to stir for Th after which methanol was removed under
reduced pressure and added water and extracted with CHCl; (2x30 mL). The combined organic
extract was washed with saturated agueous NaCl and dried (N&SO4). The solvent was
evgporated to give the crude product, which was purified by column chromatography (SO2)
using ethylacetate: pet ether [1:4] as duent to furnish pure amine 4.

Molecular Formula : CyoH22N20O, 346.43

Yied : 1.66g, 92%.

IR (CHCl3) : 3225, 2140, 1770 cmi™,

'H NMR (200MHz) :8.08(d, J =83 Hz, 1H), 7.85 (s, 1H), 7.78 (d, J = 8.3 Hz, 1H), 7.66 (t, J
= 6.83 Hz, 1H), 7.53-7.26 (m, 6H), 4.62 (t, J = 5.37,1H), 4.37-4.12 (4H),
3.79 (d, J = 13.79Hz, 2H), 3.34 (dd, J = 4.88Hz, 15.63Hz, 1H) 2.99 (dd, J
=4.86Hz, 15.63Hz, 1H), 1.22 (t, J = 6.84, 3H)
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13C NMR (200MHz2) : d: 171.43 (C), 163.75 (C), 147.35 (C), 138.28 (C), 130.59 (C), 128.57
(CH), 128.31 (CH), 128.09 (2CH), 127.95 (2CH), 127.25 (CH), 126.73
(CH), 125.45 (CH), 64.72 (CH), 59.80 (CH,), 58.07 (CH,), 55.02 (CHy),
38.43 (CHy), 13.74 (CHs)

M ass m/z, (%) © 346 (12, M), 287 (5), 259 (80), 255 (70), 209 (30), 181 (25), 142 (20),
91 (100).

4, 3-Ethoxycarbonylmethyl-1, 3-dihydro-pyrrolo [3,4-b] quinoline-2-car boxylic acid
benzyl ester [15]

N WL
N
15 o
A solution of compound 4 (0.346g, 1mmol) in ethanol was added to the flask containing
the Pd / C (10%) in ethanol that was degassed and purged with the hydrogen gas. The reaction
mixture was left on par shaker over night & 60 ps. Examination of the mixture by TLC (slica
gd, EtOAc-hexane, 30/70) indicated the disgppearance of darting materid. The catadyst was
filtered from the medium and washed with EtOH (5x10 mL). The solvent was removed under
reduced pressure and the residue was taken in dry DCM to which powdered K,CO3 was added.
The solution was cooled b (°C and benzyl chloroformate was added dropwise and stirred for an
hour a rt. After the completion of the carbamate formation, K,CO3 was filtered and washed with
5% HCI and the organic phase was dried (N&SO;,), concentrated to give the carbamate 15 which
was purified by column chromatography using 30% ethyl acetate: pet ether as duent.
Molecular Formula : CyoH22N20, 346.43
Yied : 1.66g, 92%.
IR (CHCl3) : 3225, 2140, 1770 cmi™,
'HNMR (200MHz) : d: 818 (m, 2H), 7.78 (d, J = 83 Hz, 1H), 766 (t, J
= 6.83 Hz, 1H), 7.51 (t, 6.83Hz, 1H), 7.53-7.26 (m, 5H), 5.5 (t, 1H), 5.3-
4.12 (AB q, 2H), 4.89 (m,2H), 4.37 (q, J=6.84, 2H), 3.34 -99 (m, 2H),
1.22 (t, J=6.84, 3H)
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5. 3-(3-Ethoxycar bonyl-pent-2-enyl)-1,3-dihydro-pyrrolo [3,4-b] guindline-2-
carboxylic acid benzyl ester [18]
NCbz
N/
o/

o

18

To 25 mL flame-dried, two-neck flask equipped with an N> inlet was added a solution of
the starting ester 15 (1.73g, 5 mmoal) in 25 mL of dry CH,Cl,. After the mixture was cooled to -
78 °C, DIBAL-H (2.0 M in toluene, 2.75 mL, 5.5 mmol, 1.1 equiv) was added drop wise. After
beng dirred for 2h. The reaction was quenched by adding MeOH (275 mL) followed by
2.75mL of waer. And the mixture was warmed to (°C. The reaction mixture was stirred for 30
min, dlowed to warm to room temperature, and then filtered through Cdlite bed and extracted
with CHxCl, (3x25mL). The combined CHxCl, extracts were washed with brine, dried (Na2SO4)
and concentrated to afford adehyde 16, which was subjected for Wittig olefination (with out
purification). The mixture of adehyde 16 (1.5g) and Wittig resgent 19 (2.25g, 6 mmol, 1.2
equiv) in dry dichloromethane (20 mL) was dirred for 12h. The solution was concentrated to
about 4 mL and loaded to a dlica gd column. Elution with ethylacetate -petroleum ether gave
the pure product 18.

Molecular Formula :Cy7H2sN204, 444

Yidd : 1.42 g, 80%.

IR (KBr) : 3400, 2900, 1705,1680, 1500 cm*.

'H NMR (200MHz) : d: 8.20 (m, 2H), 7.85 (d, 1H), 7.75 (t, J = 8.3 Hz, 1H), 7.60(t, J = 6.83
Hz, 1H), 7.53-7.26 (m, 5H), 6.45(t, 1H), 5.5-5.25 (m, 2H), 5.2-4.7 (m,
3H), 4.15 (q, 2H), 3.1-3.4 (m, 2H), 2.22 (m, 2H), 1.22 (t, J=6.84, 3H), 0.8
(m, 3H)
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13C NMR (50MH2) : d: (for mgor isomer) 167.3 (C), 161.4 (C), 154.8 (C), 148.0 (C), 141.4
(C), 136.9 (C), 136.4 (C), 136.2 (C), 135.0 (CH), 134.8 (CH), 129.6 (CH),
128.4 (CH), 128.2 (CH), 128 (CH), 127.3 (CH), 127.1 (CH), 126.7 (CH),
126.4 (CH), 67.3 (CH,), 64.6 (CHy), 62.4 (CH), 61.9 (CH), 59.12 (CHy),
50.16 (CHy), 31.8 (CH,), 19.93 (CH,), 13.55 (CHs)

M ass, m/z, (%) 1 444 (5, M*), 399 (25), 325 (15), 303 (30), 325 (15), 169 (12), 91 (100).

6. 4-[2-(2-Ethoxycar bonyl-acetyl)-2,3-dihydro-1H-pyrrolo [3,4-b] quinoline-3-yl]-2-
ethyl-but-2-enoic acid ethyl ester [3]

To a dirred solution of Nal (5.02 g, 33mol) and urethane 18 (1.5g, 3.37mmoal) in dry
acetonitrile (25 mL) was added TMSCI (3.67g, 33 mmol) dropwise under nitrogen atmosphere
and dirred for 1h, quenched with thiosulphate solution (20%) and the agueous phase was
extracted with ethylacetate (3x50mL). The combined organic phase was dried (NaSO4) and
concentrated under reduced pressure to furnish crude amine which was treated with carbethoxy
acetyl chloride (0.602 g) in DCM (10mL) in the presence of K2CO3 (1.04g, 8.0mmol). The
mixture was dirred for an additiond 2h at the end of which the K,CO3; was filtered and washed
with DCM. The combined organic phase was washed with 10% HCl and 10% NaHCOs;
solutions, dried (NasO4), concentrated and purified by column chromatography over dlica gd
using 60% ethylacetate - pet ether as duent to furnish amide 3 as a colourless all.

Molecular formula : Cy4H2sN20s

Yield : 0.943 g, 66%.

IR (Neat) : 1710, 1640,1400, 1030 cm';

'H NMR (200MHz) :d: 818 (d, J = 8.2 Hz, 1H), 8.00 (s, 1H), 7.8 (d, 8.2Hz 1H), 7.75 (t, 1H),
7.55 (t, 1H), 6.65 (t, 1H), 5.6 (m, 1H), 5.3 - 4.75 (m, 3H), 4.25 (q, 2H),
4.11(q, 2H), 355 (s, 2H), 3.4 (m, 1H), 3.2 (m, 1H), 2.2 (m, 2H), 1.3 (t,
3H), 1.2 (t, 3H), 0.8 (t, 3H);
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13C NMR (50MHz) :d: 167.5 (C), 167.1 (C), 165.4 (C), 165.2 (C), 160.9 (C), 148.6 (C), 138.1
(C), 137.3 (C), 134.8 (CH), 133.1 (CH), 129.7 (CH), 129.1 (CH), 127.7
(C), 1275 (C), 126.7 (CH), 62.6 (CH), 60.2 (CH2), 51.2 (CH,), 50.1
(CHy), 42.4 (CHy), 34.6 (CH,), 20.0 (CHy), 14.1 (CHa), 13 (CHy);

MS m/z (%) : 424 (4), 379 (5), 309 (5), 283 (20), 265 (5), 169 (100), 140 (20),
115 (20),
And. : Cded for CoaH2sN20O3: C, 67.6; H, 6.6; N, 6.59;
Found : C,67.39; H, 6.5; N, 6.47;

7. 4-[2-(2-Ethoxycar bonyl-acetyl}-2,3-dihydro-1H-pyrrolo [3,4-b] guinaline-3-yl]-2-
ethyl-2-hydroxy-3-oxo-butyric acid ethyl ester [2]

To a dirred solution of olefin 3 (0.848 g 2mmol) and AcOH (0.7mL) in 10mL of aqueous
acetone (1.9 of H,O: Acetone) maintained a —10°C using an ice-sdt bath was added KMnO4
(0.555g, 3.4 mmol) in portions such that the reaction temperature remains below -10°C. After
tirring for 1/2 h a 10°C, the black ppt of MnO, is filtered off through cdite pad and filtrate was
evaporated at reduced pressure to remove acetone and extracted with CH,Cl, (3x50mL). The
combined organic phase was dried (N&SO,4) and concentrated under reduced pressure to furnish
crude ketol 2. Purification by column chromatography over dlica gd usng 60% ethylacetate —
pet ether as duent to furnish ketol 2 as colourless ail.

Molecular Formula : C24H28N207 456.43
Yidd : 0.828 g, 90%.
IR(CHCI5) : 3485, 2140, 1744 cmi*

IH NMR (200MHz, CDCk) : d: 8.08 (m, 2H), 7.78 (d, 7.56Hz, 1H), 7.67 (t, J = 8.3 Hz, 1H),
7.56 (t, J = 6.83 Hz, 1H), 55 (m, 1H), 5.12 (AB, J = 12Hz, 2H),
4.25-3.9 (M, 6H), 3.7-3.5 (M, 1H), 3.5 (S, 2H), 2.1-1.9 (M, 2H), 1.4
(m, 6H), 0.82 (m, 3H).

13C NMR (50MHz, CDCk) : d: 204.80 (C), 170.21 (C), 166.79 C), 165.06 (C), 160.65 (C),
147.64 (C), 129.11 (2 CH), 128.34 (2C), 127.61 (C), 127.24 (CH),
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126.21 (CH), 84.16 (C), 62.15 (CHp), 6L.18 (CHy), 59.20 (CH),
51.09 (CHy), 41.85 (CH,), 39.31 (CHy), 28.06 (CHy), 13.71 (CHs),
13.44 (CHa), 6.93 (CHa)

M ass, m/z, (%) 1 456 (4, M™), 411 (6), 325 (23), 283 (70), 209 (20), 183 (21), 169
(100), 115 (18).

And. : Calcd for Co4H2sN203: C, 63.15; H, 6.18; N, 6.14;
Found : C, 63.01; H, 6.05; N, 5.98;

8. Dihydro pyridone [25]

To a precooled solution of NaH (0.288g, 50% suspenson in minerd oil, 6 mmol) (pre
washed with pet ether, 2 x 5mL) in THF (15 mL) was added ketol 2 (1.368g, 3mmoal) in THF
through syringe, with out alowing the temperature to rise beyond 10°C. The reaction mixture
was alowed to rise to room temperature and sirred for 1h., quenched with saturated NH,Cl
solution, and extracted with CH,Cl, (3x25mL), dried (NaSO,) and concentrated. Purification by
column chromatography over dlica gd usng 60% ethylacetatepet ether as duent furnished
dihydropyridone 25 as aydlow solid.

Molecular Formula : CyoH20N20s5 392.43

Yied : 1.0749, 90%,
M. P. : 220°C.
IR (CHCl3) : 2856, 1785, 1680,1650, 1410, 1460, 1377 ci™:

'H NMR (200MHz) : d: 835 (s, 1H), 8.28 (d, J = 8.3 Hz, 1H), 7.78 (d, J = 8.6Hz 1H), 7.67 (t,
J =7 Hz, 1H), 7.56 (t, J = 6.9 Hz, 1H), 5.5 (m, 1H), 5.22 (dd, 2H), 4.45 (q,
2H), 3.7-3.5 (m, 1H), 3.0-2.75 (m, 1H), 2.6-2.1 (m, 2H), 1.4 (m, 3H), 0.82
(m, 3H).

13C NMR (200MHzZ) :d: 172.84 (C), 167.07 (C), 165.52 (C), 158.1(C), 153.28 (C), 150.86 (C),
148.69 (C), 131.30 (CH), 130.57 (C), 128.91 (CH+1C), 128.36 (CH),



128.03 (CH), 127.90 (CH), 93.60 (CH), 86.20 (C), 62.60 (CH,), 50.12
(CHy), 29.23 (CHy), 20.53 (CH,), 13.55 (CHs), 7.08 (CHs)
M ass, m/z, (%) £ 392 (8, M*), 317 (100), 261 (10), 235 (30), 205 (34), 168 (60), 151 (24),
140 (25), 115 (8).

9. Pyridone [26].

A (0]
N \ J
(0]
26 COOEt

To a solution of dihydropyridone 25 (0.396 g, 1 mmol) in 1,4-dioxan (15mL) was added
DDQ (0.25g 1.1mmol) and the resultant mixture was refluxed under nitrogen for 1h, was diluted
with ethylacetate and treated with NaHCOs; solution. The organic layer was separated and
aqueous phase was extracted with ethylacetate (3x25 mL). The combined organic phase was
dried (N&SO,), filtered, and concentrated. Purification by column chromatography over slica
gd usng 80% ethyl acetate — pet ether as eluent furnished pyridone 26 as a pde ydlow solid.
Molecular Formula : C2H18N20s, 390

Yield £ 0.371 g, 95%
M. P. 1 234°C.
IR (Nujol) : 2856, 1788, 1681, 1446, 1215 cmi™

IH NMR (200MHz) : d: 8.49 (s, 1H), 8.28 (d, J = 8.3 Hz, 1H), 8.01 (d, J = 8.4Hz 1H), 7.86 (t,
J= 7.2Hz, 1H), 7.53 (t, J = 8.3 Hz, 1H), 7.44 (s, 1H) 5.38 (s, 2H), 4.25 (q,
2H), 2.5 (M, 1H), 2.25 (m, 1H), 1.4 (m, 3H), 1.02 (m, 3H)

13C NMR (200MHz2) : d: 167.95 (C), 166.37 (C), 156.1 (C) 153.77 (C), 151.63 (C), 149.54 (C),
131.71 (CH + 1C), 131.20 (C), 130.31 (CH), 129.03 (CH+C), 128.55
(CH), 112.96 (CH), 94.51 (CH), 86.87 (C), 63.19 (CH,), 50.84(CHy),
29.97 (CHy), 14.31 (CHs), 7.80 (CHa)

M ass, m/z, (%) £ 300 (12, M*), 333 (12), 317 (100), 261 (4), 205 (14), 140 (6)
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10. Decarboxylated product [27]

27

To a solution of pyridone 26 (0.196g, 0.5 mmoal) in methanol (5 mL) was added NaBH4
(1.5 mmol) a OC and stirred for 1 hr at room temperature. Then methanol was removed under
the reduced pressure and the residue quenched with water (2 mL) and the solution was stirred for
5 min. Water (15 mL) and DCM (25 mL) were then added. The layers were separated, and the
aqueous layer was extracted with DCM (2x15 mL). The combined organic extracts were washed
with brine and then dried (N&SQO,). Evaporation of the solvent at reduced pressure and column
chromatography over slicagd using 80% ethylacetate - pet ether as eluent yieded the product.
Reduction of 26 mediated by Cerium trichloride: NaBH,4 (0.1mmol) was added in portions to
a cold solution of 26 (0.1 mmol) and CeCk.7 HO (0.24 mmol) in EtOH (50 mL). The mixture
was alowed to warm to room temperature, where upon it was alowed to gir for 30 minutes and
heated to 45°C for 30 min., cooled, poured to in to sat NaHCOs; — NaCl solution, and extracted
with CHxCl, (3x30mL). The extracts were dried (NaSOs) and concentrated under reduced

pressure to give 27.

Molecular Formula :Cji9H14N203 318.43

Yied : 89% in method A, 70% in method B
IR (CHCl3) : 2856, 1754, 1661,1594, 1551 cm:

IH NMR (200MH2) : d: 847 (s, 1H), 8.23 (d, 1H), 7.97 (d, 1H), 7.87 (t, J = 8.3 Hz, 1H), 7.72

(t, J= 6.83 Hz, 1H), 7.26 (5, 1H), 5.39 (s, 3H), 2.25 (M, 1H), 1.95 (m, 1H),
1.04 (t, 3H)

13C NMR (200MHZ) : d: 166.37 (C), 153.77 (C), 151.63 (C), 149.54 (C), 13L.71 (CH), 131.20
(C), 130.31 (CH), 129.036 (CH), 12855 (CH), 112.96 (C), 94.51 (CH),
86.87 (CH,), 63.19 (CH,), 50.84 (CHy), 29.97 (CHy), 14.31 (CHs), 7.80
(CHa)

Mass, Mz, (%) . 318 (40, M"), 302 (20), 289 (100), 261 (14), 233 (20) 205 (40), 177 (20),
140 (16).
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And. : Cdced for CosHosN2O3: C, 71.69; H, 4.43; N, 8.80;
Found 1 C,71.39; H,4.21; N, 857;

11. 3-(3-Diethylcar bamoyl-pent-2-enyl)-1,3-dihydro-pyrrolo [3,4-b] quindline-2-
carboxylic acid benzyl ester [38]

NCbz
~Z
N
—
\ N
\—
O

38

The compound 18 (0.444 g, 0.1mmol) was added to 1:1 solution of 10% KOH: MeOH
solution (15mL), dirred a room temperature for 2h. After the hydrolyss was completed, MeOH
was removed under reduced pressure and the residue was cooled to 0°C, neutrdized with
NaHSO, and was extracted with CH,Cl, (3 x25mL), dried (N&SO,), filtered, and concentrated.
The residue was taken in dry DCM (25mL) was added DCC (0.13mmol) and HOBT (0.1mmol)
and dirred for 15 minutes to which diethyl amine was added dropwise and stirred at rt for 4 hrs.
The reaction mixture was treated with 10% N&COs solution and extracted with DCM (3x30
mL) and the combined organic layer was dried and concentrated to give thick liquid which was
purified by column chromatography over slica ge usng 70% ethyl acetate: pet ether as duent to
obtain the amide 38 as athick liquid which solidified upon storage.

Molecular Formula : CygH33N303 471.60

Yidd : 0.303g, 70%

IR (CHCl3) : 3225, 2140, 1650 cmi*

'H NMR (200MHz) :d: 8.15 (m, 2H), 7.72 (d, 1H), 7.69 (t, J = 8.3 Hz, 1H), 7.53(t, J = 6.83
Hz, 1H), 7.48-7.29 (m, 5H) 5.45-4.56 (m, 6H), 3.5-3.25 (m, 4H), 3.0(m,
2H), 2.19 (m, 2H), 1.34 (m, 6H), 0.82 (m, 3H)

13C NMR (200MHzZ) : d172.19 (C), 164.99 (C), 162.01 (C), 160.65 (C), 148.67 (C), 141.83 (C),
136.76 (C), 129.63 (CH), 129.30 (CH), 128.74 (2 CH), 128.30 (C+CH),
127.90 (CH), 127.3 (CH), 127.72 (C), 126.69 (CH), 122.09 (CH), 67.52
(CHy), 61.18 (CH), 50.67 (CH,), 42.44 (CH,), 37.35 (CH,), 22.25 (CHy)
14.10 (CHs), 13.36 (CHgs), 12.66 (CHs).

M ass, vz, (%) 1 471 (4, M™), 303 (30), 259 (90), 168 (51), 140 (48), 100 (50).
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13.  3-[3-(3-Diethylcarbamoyl-pent-2-enyl)-1,3-dihydro-pyrrolo  [3,4-b] quinadline-2-yl]-3-
0Xx0-propionic acid ethyl ester [40]

Compound 40 was made by following the same procedure employed for ester counter
compound 4 i.e deprotection by TMSCI/ Nal and converting thus formed amino compound to
amide by treating with carbethoxy acetyl chloride.

Molecular Formula : CysH33N304, 451.43

Yield : 60%.

IR 13225, 2140, 1740 cm*

'H NMR (200MHz) : d: 8.05 (m, 2H), 7.71 (d, J = 8.1Hz, 1H), 7.67 (t, J = 8.3 Hz, 1H), 7.53(t,
J = 6.83 Hz, 1H), 5.54 (m, 1H), 5.48-4.56 (m, 3H), 4.25 (q, 2H), 3.7-3.55
(s, 2H), 3.4-2.65 (m, 6H), 2.19 (m, 2H), 1.4 (m, 3H), 0.82 (m, 9H)

13C NMR (200MH2) : d: 172.19 (C), 168.99 (C), 164.09 (C), 162.01 (C), 65 (C), 148.60 (C),
141.82 (C), 129.63 (CH), 129.30 (CH), 128.74 (CH), 128.30 (CH), 127.90
(CH), 127.72 (C), 126.69 (CH), 122.09 (CH), 121.68 (CH), 61.25 (CH),
61.18 (CH,), 50.46 (CH,), 41.69 (CH,), 31.26 (CHy), 22.87 (2 CH,), 14.10
(CHs), 13.36 (CHgs), 12.66 (CHs).

M ass, vz, (%) . 451 (4, M"), 411 (6), 325 (23), 283 (70), 209 (20), 183 (21), 169 (100),
115 (18)

14. Tetrahydropyridone, Gillbert Stork’sintermediate [42]

X (o
N
N o
0
42 COOEt

A solution of compound 25 (0.039g) in ethanol was added to the flask containing the
Pd/C (10mol%) in ethanol that was degassed and purged with the hydrogen gas. The reaction
mixture was left on par shaker over night & 100 pd. Examination of the mixture by TLC
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indicated the disgppearance of Starting material and the appearance of a new component. The

cadys was filtered from the medium and washed with EtOH (5x10 mL). The solvent was

removed under reduced pressure and the resdue was purified by column chromatography over
dlicagd usng ethylacetate as € uent to give the tetrahydro pyridone derivative.

Molecular Formula : CyoH22N2Os, 394.

Yield : 0.031g, 80%.

IR (CHCl3) : 2856, 1785, 1680,1460, 1377 cm*

'H NMR (200MHz) : d: 8.10 (s, 1H), 8.05 (d, 1H), 7.78 (d, 1H), 7.71 (t, J = 8.3 Hz, 1H), 7.63
(t, J = 6.83 Hz, 1H), 5.35 (d, 1H), 4.95 (dd, 2H), 4.35 (g, 2H), 3.81 (d,
1H), 3.19 (m, 2H), 2.81 (m, 1H), 2.25 (m, 1H), 1.95 (m, 1H) 1.4 (m, 3H),
1.08 (m, 3H)

13C NMR (200MHzZ) : d: 173.81 (C), 169.63 (C), 165.81 (C), 161.54 (C), 148.1. (C), 130.10
(CH), 129.3 (C), 129.04 (CH), 128.96 (CH), 127.73 (CH), 127.6(CH),
126.5 (C), 77.09 (CH), 61.4 (CHy), 59.03(CH), 52.02(CH), 48.2(CH,),
35.6(CH), 28.73 (CH,), 21.3(CHy), 14.12 (CHs), 7.08 (CHs)

M ass, vz, (%) : 394 (8, M"), 321 (10), 235 (15), 235 (30), 205 (14), 168 (30), 144 (25),
111 (18), 69 (60)
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CHAPTER 1

SECTION Il

Synthesis of Camptothecin

PART B
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1.2.2.1 Introduction

Camptothecin 1 was developed more than 30 years ago, but it's clinicd use has been
limited by its insolubility and toxicity.'’® Extensve sructure activity reaion sudies have
identified many andogues with better solubility and with equa or better antitumor activity,
which resurged the interest of the chemists as well as oncologids result of which is the launching
of the Topotecan (Hycamtin) and Irinotecan in to the market for refractory ovarian and colorecta
cancers respectively.'*! But not dl the andogues can be accessed from Camptothecin in a semi
gynthetic way. Synthetic approaches for these andogs have typicdly involved synthess of
suitably functiondized CDE-rings'*? or DE-rings™*® or precursors thereof,!** which were then
coupled with suitable counter parts.

Among these, the drategy tha involved the Friedlander condensation of CDE synthon or
radica (or Heck) cyclization of DE intermediate has been adepted quite frequently in the
synthesis of analogues.

Scheme 1:
. Heck (or)
e} Friedlander AN 0 Radical X H 0
N N
 — = |
o \ y N"N 4+2 Z
\O O o
OHO OHO HO &
CDE-Synthon DE-Synthon
45 1 46

1.2.2.2 Present Work

We reasoned that our approach discussed in Sec-1a has the inherent flexibility to access
the CDE ring intermediate, hence andogues just by ddaying the AB-ring condruction (changing
the sequence of the reactions) to the late stage i.e Friedlander condensation by employing
suiteble counterpat of the ketone or ddehyde, and advancing the intramolecular adol
condensation in the synthetic sequence as shown in retrosynthetic direction (Scheme 2).
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Scheme 2;

45 48 a4

1.2.2.3 Results and discussion

Thus preparation of ketol 48, subdrate for the intramolecular condensation started from
glycine, areedily available garting materid.  Alkylation of Schiff's base 50*'° with dlylbromide
under phase transfer conditions followed by hydrolysis furnished dlylglycine 51. *H NMR
showed multiplet & d 2.6, doublet a d 5.1 and multiplet & d 5.7 for the incorporation of —
CH»=CHCH; group dong with multiplet at d 4.3 for 1H and singlet at d 3.75 (3H).

Condensation of 51 with carbethoxyacetyl chloride in DCM employing K>CO3 as base
provided amide 52 (Scheme 3)

Scheme 3:
. H

ph  1.PTClallylbromide Q H,COOC_ _N.__O
HgCOOC\/ N% 30 min H3COOC NHZ CI)K’COOEt s ~

Ph l K,CO., DCM

2.10%HCI, 30 min | 2~ | COOEt
1h, 95%
86% ’

'H NMR spectrum of 52 showed a singlet a d 3.25 (2H), atriplet at d 1.25 (3H) and a
quartet a d 425 confirming the presence of maonate (~CH,-COOC,Hs). 3C spectrum
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confirmed the presence of three carbonyls d 171.57, 168.37 and 165.13. Mass spectrum showed
m/z peak 243

Oxidative removd of the methylene group of the laient ddehyde in 52 with Leumix-
Johnson oxidation (Os04/NalOg4) furnished ddehyde in good yidd on smdl scade But it posed
some problems in scde up (multigram scade). Hence the dternative route, ozonolysis was sought
for this transformation. Accordingly careful ozonolysis of olefin 52 in DCM a —78°C resulted in
the formation of adehyde, which was subjected for Wittig olefination with phosporane 17,
without purification owing to itsingability, to obtain the a, [>unsaturated ester 49 (Scheme 4).
Scheme 4 :

MeOOC

\E 1o, Me MeOOC \E

||3Ph
coon , COOE!

12h, 82%

'H NMR spectrum of 49 showed apart from the ester protons, a triplet a d 0.99 (3H) and
multiplet at d 2.32 (2H) indicating the presence of ethyl functiondity. A triplet & d 6.3 (1H) was
assigned for olefin proton CH,-CH=C. Mass spectrum showed molecular ion pesk at 343. IR
spectrum showed the absorption at 1710 cmi* suggesting the presence of a, R-unsaturated ester.

a, b-Unsaturated ester 49 was converted to ketol 48 with KMnOg in acidic pH in good

yidds (Scheme 5).
Scheme 5:
H Acetone:H,O H
H,cO0C__N__0O M2 H,co0C.__N.__0O
\E AcOH \ﬁ
B
] COOEt ~kmno, -10°C O cooEt
COOEt 30 min, 92% COOEt
OH
49 48

'H NMR spectrum of 48 showed a triplet a d 0.75 (3H) & multiplet a d 1.98(2H)
indicating the presence of ethyl group adjacent to quaternary carbon (evident by its multiplicity
due to the gemind coupling and the diastreomers), multiplet at d 3.2 (2H) for dlylic —CH,-CO-
and snglet a& d 3.3 (2H) for —active methylene-CH,COOEL. IR spectrum showed absorption at
3475cmt and 1738 cmt indicative of hydroxy ketone.
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Aldol condensation of ketol 48 with NaH as the base provided dihydropyridone 53 in

excdlent yieds.
Scheme 6:
H H
H,COOC__N.__0O H,cooC.__N._O
f NaH, THF
—_ >
O COCOEt 1h, 91% Z (@]
o}
HCOOEt COOEt
48 53

'H NMR spectrum of 53 showed the absence of ester protons and active methylene
protons and appearance of two distinct multiplets for CHsCHy- of ethyl group reveding the 5-
membered |actone formation. IR spectrum showed the absorption at 1760 cri™.

Annulation of the C-ring is planned to be effected via tandem Michad addition
Dieckmann condensation and decarboxylaion while the formation of AB-ring by Friedlander
condensation. In concise the Scheme 7 ddineates the synthetic efforts towards the direction of
obtaining the ana ogues.

Scheme 7
1.PTClallylbromide ,COOC

Ph Et0OC
2.10%HCI
HCOoC N=C \i \‘E
COOEt 2witig COOEt

3.
o )k,cooa 500
K,CO,, DCM 49COOEt
_..._4.._..;, ’ \E NaH, THF 3 ~ZCOOtBu
O R EEE——
Acetone:H,O COOEt 91% _ o
AcOH 2.TFA
COOEt (@]
OH COOEt
48 53

M Analogues of CPT

Conclusion

97



In summary we have demondrated the feadhility of our intramolecular ddol
condensation approach to the congruction of the pyridone and have developed a potentidly
efficient synthetic gpproach amenable to access the and ogues of Camptothecin.

1.2.2.4. Experimental:
1 2-Amino-pent-4-enoic acid methyl ester [51]

H3cooc\qHz

51

To a hiphasc solution of DCM and 10% NaOH  solution containing Glycine Schiff’s
base 50 (17.7g 0.1Imol) and tetra-n-butylanmonium hydrogen sulphate (3.2g, 10 mmol) wes
added alylbromide (13.2g, 0.11 mol) and the reaction mixture was girred a room temperature
for 30 minutes. The organic layer was separated, evaporated and the resdue was suspended in a
10% solution of hydrogen chloride (100mL) and dirred for 30 min. The reaction mixture was
extracted with DCM and the agueous phase was treasted with a saturated solution of NHz (50mL)
and extracted with DCM (3x25mL). The organic phase was separated, dried (NgSO4) and
concentrated affording pure amine 51 as pae ydlow ail.
Molecular formula : CgH11NOso.
Yield : 11. 08g, 86%
IR (Neat) : 3430,1735, 1627 cm*,
'H NMR (200 MH2) :d: 5.4 (m, 2H), 5.1 (d, 1 H), 4.36 (g, 1 H), 3.45 (s, 3H) 2.65 (t, 2H), 1.90

(brs,2H, NHy)

2. 2-(2-Ethoxycar bonyl-acetylamino)-pent-4-enoic acid methyl ester [52]
N_o
\% \KCOOEt
52
To a precooled solution of amine 51 (1.29 g, 10 mmol) in DCM (25 mL) in presence of
K2CO3 was added a solution of carbethoxy acetyl chloride (14.7 mmol) in DCM (10mL). The

resulting solution, which turned from colourless to brown within ca. 15 min, was girred under

argon at temperature for lhr, and again cooled to 0°C. A solution of 1 M HCI (25 mL) was then
98
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added. The resulting solution was girred for 5 min a room temperature and repidly extracted
with CH2Cl> (3x50 mL), washed with NaHCOs solution (50 mL). The organic phase was dried
(Na&SQ,), filtered and evaporated in vacuo at 30°C to give crude amine 52, which was pure

enough for further step.

Molecular formula :Ci1H17NOs

Yield : 2.308g, 95%

IR (Neat) : 3307, 1735, 1640, 1500 cmi™.

IH NMR (200 MHz) : d: 7.6 (d, 1H), 5.7 (m, 1H), 5.2 (m, 2H), 4.6 (g, 1H) 4.21(q, J =7.3Hz,
2H), 3.71 (t, 3H), 3.31 (s, 2H), 2.6 (m, 2 H,), 1.3 (t, I =7.3 Hz, 3H)

3C NMR (50 MHz) :d: 17157 (C), 168.37 (C), 145.13 (C), 132.13 (CH), 118.75 (CH,), 61.22
(CHy), 51.88 (CHs), 51.77 (CH), 41.37 (CH), 35.93, (CHy), 13.73 (CHs).

M ass m/z (%) 1 243 (9, M), 202 (20), 184 (24), 128 (15), 115 (13), 88 (100), 70 (65)

3. 5-(2-Ethoxycar bonyl-acetylamino)-2-ethyl-hex-2-enedioic acid di ester [49]

H
MeOOC NTO
\\SL COOEt

COOEt
49

Method A: A round-bottom flask (50 mL) was charged with olefin 52 (486 mg, 2.0 mmol) in
1,4-dioxane and water (3:1) and cooled to 0°C .To the above mixture was added a solution of
0Os04 (cat). To the black-colored mixture NalO4 (1.275, 6 mmol) was added portion wise (ca 10
minutes) to the chilled solution and the resulted mixture was gtirred for 4 h. An agueous solution
of NaHSO3 (0.6 g dissolved in 3 mL of HO) was then added, and the durry was girred a room
temperature for 2h. The mixture was diluted with CH,Cl, (50 mL), the agueous layer was
separated and then extracted with CH,Cl,. The combined organic layers were dried (N&SO,),
and the solvent was removed under reduced pressure and the residue was subjected for Wittig
olefination with out purification.

Method B: On large scde the above reaction was plagued with multiple compounds formetion.
So ozonolysis was carried out in dichloromethane a —78°C using excess of ozone. Thus
precooled solution of 52 (1.215g, 5.00 mmol) in 30 mL of DCM was trested with excess of
ozone. After the observation of perssent blue color it was admixed with dimethyl sulphide
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(2.159, 440 mmal) and left standing overnight. Resdud ozone was flushed out with nitrogen.

The solvent was evaporated at reduced pressure to give the resdue, which was subjected for

Wittig olefination without further purification. A mixture of addehyde and Wittig reagent (2.256

g, 6 mmol, 1.2 equiv) in dry dichloromethane (40 mL) was dtirred for 12h and nonitored by TLC

until the gtarting materia was no longer detectable. The solution was concentrated to about 3 mL

and loaded on to a slica gd column. Elution with ethylacetate /petroleum ether (1/4) gave the

pure product.

Molecular formula :CigH2sNO7

Yidd : 1.43g, 82%

IR (Neat) : 3345, 1739, 1710, 1678, 1532 cmi™.

'H NMR (200 MH2) :d: 7.74 (d, 1H), 6.62 (t, 1H), 4.73 (g, 1H), 4.20 (m, 4H), 3.77 (s, 3H), d

3.35(s, 2H), 2.81 (m, 2 H,), 2.32(q, 2H),1.26 (t, 6H), 1.02 (t, 3H)

13C NMR (50 MHz) : d: 171.15 (C), 168.10 (C), 166.74 (C), 164.98 (C), 137.11 (C), 134.10
(CH), 61.03 (CHy), 60.07 (CH,), 51.95 (CHjs), 51.54 (CHj3), 41.40 (CHy),
30.53 (CHy), 19.78 (CH,), 13.94 (CHs), 13.75 (CHs), 13.76 (CHs).

M ass, m/z (%) 1 343 (M*, 7)) 262 (10), 238 (11), 184 (17), 153 (20), 139 (40), 124 (70),

114 (20), 88 (100), 84 (50).

4. 5-(2-Ethoxycar bonyl-acetylamino)-2-ethyl-2-hydr oxy-3-oxo-hexanedioicacid ~ 1-ethyl
ester 6-methyl ester [48]

O COOEt

H,CoOoC H\Eo
\H\;ECOOEI
48

To a girred solution of a, b-unsaturated ester 49 (0.686g 2mmol) and AcOH (0.7mL) in

10 mL of agueous acetone (1.9 of H,O: Acetone) maintained a —10°C was added KMnO4
(0.555g, 34 mmoal) in portions such that the reaction temperature remains below 10°C. After
tirring for 1/2 h a 10°C, the black ppt of MnO, is filtered off through cdite pad and filtrate was
evaporated at reduced pressure to remove acetone and extracted with CHyCl, (3x50mL) .The

combined organic phase was dried over anhydrous N&SO, and concentrated under reduced
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pressure to furnish crude ketol 48. Purification by column chromatography over slica gd using

3:2 ethylacetate — pet ether as duent furnished ketol 48 as a colourless ail.

Molecular formula :CigH2s5NO>

Yield : 0.674g, 90%

IR (Neat) : 3475, 1728, 1738, 1676 cmi ™.

'H NMR (200 MH2) : d: 7.82 (m, 1H), 4.91(m, 1H), 420 (m, 4H), 3.74 (s, 3 H), 3.6-32 (m,
4H), 2.07 (m, 2 H), 1.36 (t, 6H), 1.02 (t, 3H)

13C NMR (50 MHz) : d: 205.26 (C), 170.86 (C), 170.86 (C), 170.53 (C), 168.18 (C), 166.12
(©), 84.22 (C), 62.53 (CHy), 61.32 (CHy), 52.35 (CHg), 48.15 (CHa),
39.38 (CHy), 28.31 (CHy), 13.87 (2CHj3), 7.03 (CHs).

M ass, m/z (%) : 376 (M*+1, 8), 277 (50), 244 (23), 216 (65), 184 (20), 158 (18), 113

(57), 102 (100), 88 (30), 57 (22)

5. 1-Ethyl-3, 4-dioxo-1, 3,4,5,6,7-hexahydro-furo [3,4-c] pyridine-1, 6-dicarboxylic

acid 1-ethylester 6-methyl ester [53]
H
H,CO0C—-N~z0O
ZN=0
(0]

COoor
53

To a precooled solution of NaH (0.288 g, 50% suspenson in minerd oil, 6mmol) (pre
washed with Pet ether, 2x5mL) in THF (15 mL) was added a solution of diester 48 (1.1279,
3mmol) in THF, with out alowing the temperature to rise beyond 10°C. The reaction mixture
was dlowed to rise to room temperature and stirred at that temperature for 1h, quenched with 5%
HCl solution, and extracted with CH,Cl, (3x20mL), dried (N&SO,), and concentrated.
Purification by column chromatography over slica gd usng (7:3) ethylacetate — Pet ether as
eluent furnished dihydropyridone 53 as colourless ail.

Molecular formula :Ci4H17NO7

Yield : 0.943 (66% yield).

IR (CHCL) : 1770, 1660 cmi ™.

'H NMR (200 MH2) :d: 4.5 (m, 1H), 4.20 (g, 2H), 3.75 (s, 3 H), 3.3-3.0 (M, 2H), 2.35 (m, 1 H)
1.95 (m, 1 H), 1.36 (m, 3H), 1.02 (m, 3H)
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CHAPTER 1
SECTION II
Synthes's of Camptothecin

PART C

1.2.3.1 Introduction

The srategy shown in Scheme 1, origindly formulated by Corey et al'!® for the first
asymmetric synthess of Camptothecin and a proven tenet for the assemblage of the skeleton of
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Camptothecin, has been employed by many groups in developing their synthetic routes for the
title compound with modifications and improvements.
Scheme 1:

ABC synthon DE-Synthon

1 54 55

Developing a synthetic route based on this highly convergent approach would
involve preparation of ABC synthon and a suitable DE-synthon with necessary
functional groups for the coupling with the former. Brief discussion of the reported
methods for the preparation of these synthons is given before proceeding to the
discussion of actual work.

1.2.3.2 Synthesis of ABC synthon: A Literature Survey
Wall’s approach'’ (Scheme 2, 1970).
Wadl et al rdied on the Friedlander condensation of 56 with 2-amino benzadehyde to
obtain the ABC intermediate. Formation of the mixture of regiomersisthe limiting factor.
Scheme 2: Wall et al Chem. Comm., 1970, 404

CHO 5~ N SR
NR 5 NR +
= =
NH, ©O N N
56 57 58

Zalkow's method™'® (Scheme 3, 1971)

Glycine carbamate 59 upon Michad addition induced ring closure with ethylacrylate  in
presence of base provided R-keto ester 60, which was decarboxylated to give pyrrolidone 61.
Friedlander condensation of 61 with aminobenzaldehyde resulted in the formation of tricydic
amine ethylcarbamate 62.

Scheme 3: Jdkow et.al, J. Chem. Soc (C)., 1971, 3551
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CIIOOEt EtO0C

CICOOEt
H,N_ COOEt HN._COOEt ~ NaoOMe NCOOEt
0
59 60
HCl H o
. NCOOEt . NCOOEL
@ECHO N/
NH,
61 62

Use of aminobenzaldehyde, and the formation of regioisomers in the final

condensation are the drawbacks of this method.
Corey’s Method® (Scheme 4, 1975)

Quinoline diddehyde 64 obtained by ozonolyss of acridine was reduced to diol and
protected as dimesylae. The cyclization of dimesylae with methanolic ammonia gave the
tricydic amine 54 in 19% yield.

Scheme 4: Corey et al, J.0rg. Chem. 1975, 40, 2140

H
X 0, X o 1L NaBH
= > ~ 0
N N 2. MsCl
3.NH

63 64 s 54

Use of acridine limits the synthetic utility of the approach.
Rama Rao's method'!® (Scheme 5, 1994)

Michad addition of aminobenzadehyde with DMAD followed by sulfuric acid mediated
cydizaion afforded the diester 65, which was reduced to diol and protected as dimesylate.
Treatment with methanol ammoniaresulted in the formation of tricydic amine.

Scheme 5: Rama Rao et al, Tetrahedron Lett., 1994, 35, 3613

COOMe
CHO N COOMe 1 LAH N
+ | | - P 5 _ NH
NH2 N COOMe 2.MsCI N
COOMe
3.NH,
65 54

Fortunak’s method'?° (Scheme 6, 1996)

The propargylamine was alkylated with bromide, obtained by the condensation of
A-bromoacetylbromide to give amide with aniline, which underwent cyclization to give
ABC synthon.

Scheme 6: Fortunak et al, Tetrahedron Lett., 1996, 37, 5683
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Br Br @L
A NH, ©\§/\ 1.(MeO,)BF, S

O  NCOOEt
o+ > P T _ NH
NH, CICOOEt N 2.HBr N
_—/
— 66 54
1. 2. 3. 3 DE-Precursors:

Listed below (chart 1) are some of the synthons employed as DE-precursors that
have been condensed with the tricyclic amine 54 for the D-ring formation along with E-
ring in some cases or with the suitably placed functional groups for the same.

A caeful andyss of these intermediates reveds an underlying common sructurd
requirement i.e an acid equivdent for amide formation (normdly b-keto ester whose amidation
is faster and facile'?! compared to the norma ester) and an adehyde equivaent (either masked as
acetd, or acohol which is oxidized to ddehyde) for the ddol condensation (C-C bond) with the
benzylic postion of the tricydlic amine.

Corey’s approach: He employed furan 3, 4-dicarboxylic acid as the dating materid. It
involved the resolution of the lactones usng quining which dong with the formation of
regiomers a later sage limits the synthetic utility.

Rama Rao’'s approach: He amed a obtaining the pseudo acid chloride in regio specific manner
and overcome the problem of mixture of pseudoacid chlorides encountered by Corey by
judicioudy employing atandem Dids-Alder, retro Dids-Alder cycloaddition methods

Fortunak’s approach: He employed an asymmetric Michad addition of chird dioxadonone to
the adduct formed by the condensation of the glyoxddimethyl acetd with benzyl methyl
ma onate to give the intermediate 69 after hydrogenolysis.

Rest of the synthetic efforts by Wal's’, Pandit's ® and Buchi’s ’ approaches for DE-
gynthon are amed a racemic 1 and vay in the functiond groups manipulaion while retaining
the key structural features discussed above.

Chart 1
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Corey’sintermediate’
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RamaRao's intermediate’
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71

Pandit' s intermediate’?®
O o
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1.2.3.4 Present Work




We were intrigued by the posshility of draightforward extenson of aforementioned
methodologies in our synthetic endeavor namely reductive amination of adehydes and adol
condensation (Section 1.2.1) to synthesze ABC synthon 54 and DE-synthon 55 respectively as
will be clear from their retro synthetic analyses (Scheme 7).

Scheme 7: Retroandysis
—~ N” >CHo CHO
N I N ~
73 l% ﬂ ﬁ 74

X
NR
P
N

X o)
N ABC sxrnthon 54
P~ |:>
NN\ /R X020
R2 —
OH R1
HO R2

DE-Synthon 55

J

(©) (0]
oL
COOEt

HO R
75

1.2.3.5 Results and Discussion
a) ABC synthon: Meth-Cohn's quindline ddehyde 6 with a formyl group a 3postion and the
handle a 2-pdtion for the functiondisation i.e C-C bond formation, given the flexibility and
amplicity for the andogues preparation gppeds to be suitable starting point to do away with the
shortcomings of the earlier approaches i.e @ usage of 2-aminobenzaldehyde & regiochemistry
problems encountered in Friedlander condensation. b) the usage of expensve dating materias
like acridine and DMAD.

Thus formyl group of the iododdehyde 6 was protected as cyclic acetd 76 by tredting
with ethylene glycal in presence of p-TSA (cat) with azeotropic removal of water according to
literature pocedure. *H NMR of 76 showed a multiplet a d 4.18 (4H) and singlet a d 6.03 (1H)

aong with the quinoline protons assgned presence of acetal group.
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Quenching the litho derivative of 76 with DMF provided 3-oxolyl-2--formyl quinoline 77
in 56% yidd after column purification.

'H NMR spectrum of 77 showed a singlet a d 10.5 (1H) of adehyde, dong with a singlet
a d 6.7 (1H) and multiplet a d 4.2 (4H) of aceta and quinoline protons in the aromatic region.
13C NMR spectrum showed  pesk at d 193.7 confirming the presence of —C=0 of aldehyde.

Aldehyde 77 was condensed with  benzyl amine in methanol to give Schiff's base 78
whose *H NMR spectrum showed imine proton a d 8.60 a the expense of adehydic proton d
10.38. Reduction of the Schiff’s base 78 with sodium borohydride in methanol furnished amine
791in quantitativeyied.

Scheme 8:
O/> O/>
N 2oMF MeOH, rt, 1h NP NeN_Ph
76 55% -8
O/>
NaBH
Rl Xy 0
MeOH, 0°C 7 N__Ph
1h, 95% H

79

'H NMR spectrum of 79 showed apart from quinoline pattern, a multiplet a d 7.43 (5H)
was assigned to phenyl group, two singlets a d 4.20 and d 3.94 (2H each) were assigned to the
two benzylic - CH,- groups of the amine.

Attempted  deprotection with 20% HCI, faled to give the amind whose reduction was
expected to give the tricyclic amine. In cases where classcd deprotection methods fail, DDQ is
known to servethe purpose.  Unfortunately, even the attempted deprotection of acetal of 79 with
DDQ failed to furnish the adehyde (Scheme 9).

Scheme 9:
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0/> 20%HCI
ijiN \/Ph — ©\/ji: ©\/E

DDQ
79

Narasmhan et al '** have reported the formation of hemiacetal 81, which involved the
lithigtion of O-formyl derivative of the quinoline acohal.
Scheme 10

OH
80 81

We planned to extend the same principle with N-formyl derivative with the idea of
converting thus formed amind 84 to tricyclic synthon 54 by smple reduction. Thus the reductive
amination of iododdehyde 6 with benzyl amine resulted in the formaion of amine 82 in
quantitative yield (made in connection with Section 2a).

Treatment of 82 with formylating mixture AFM*2® furnished N-formamide 73.

'H NMR spectrum of 73 showed the singlet a d 859 (1H) assigned to the formyl group,
and multiplet a d 4.5 (4H) assigned for benzylic methylenes.

But the atempts to form the amind by lithiation followed by the addition of the lithio
derivative onto the intramolecular formyl group did not meet with success suggesing the
differencein the reactivity of O-formate and N-formamide,

Scheme 11

Ny X ~CHO m Ph _AFA m
2NaBH 4h 90%
n-BuLi SN N
X 1 Nergpn @(I)NCHZPh
N ~
N

84 OH

Having falled to effect the GN bond formation i.e deprotection of the acetd protectionin
the first case and the GC bond formation in the latter attempt led us consder another dternative
i.e reductive amingtion of diadehyde, which would circumvent these problems.
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In this direction, trestment of acted 77 with 20% HCl in ether furnished diddehyde 64.
'H NMR spectrum of 64 showed singlets at d 11.02 and d 10.32 (1H each) confirming the 2
formyl groupsin the molecule. IR spectrum showed the absorbance at 1705 cmi* and 1680 cmt

Gratifyingly, the treetment of diddehyde 64 with 0.6 eguivdent of  benzyl amine in
methanol followed by reduction with sodiumborohydride a& 0°C resulted in the formation of
tricydic amine 54 after usud work up and column chromatography. *H NMR spectrum of 54
showed three diginct singlets at d 4.13, d 4.05, d 400 (2H each) assgned to 3 benzylic
methylenes of tricycdlic amine dong with multiplet & 7.2- 7.6 (5H) assigned for -N-CH,-CgHs.
Further confirmation of the dructure was obtained by Mass spectrum, which showed the nmv/z
peak at 260.

Spectra data of the amine 54 thus obtained matched with the spectra data of the sample
obtained by a different route and it has been shown that it could be converted to its carbamate 85
by refluxing with ethylchloroformate whose deprotection to tricyclic secondary amine was well

established.
10%HCI 1 BnNH,
2 NaBH, NaBH,

Scheme 12:
92% 80%

X X
NBn CICOOEt NCOOEt
N/ N/

54 85

Having been successful in the congruction ABC synthon, we turned our atention to the
preparation of DE-precursor.
DE-Synthon:

As shown in our retro gpproach, we envisoned an intramolecular ddol reaction of ketol
75 to congruct the basic part with proper functional groups (Scheme 7). The subgtrate 75 can be
traced back to the smple synthons dlyl hao compound 86 and potassum sdt of maonate 87
(Scheme 13).
Scheme 13:
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Ofo Ofo X KO__O
\4}0 — y —> \//; . \f
COOEt COOEt
Ho R R R COOEt
75 76 86 87

The substrate 86 (R = COOEt) was thought to be obtained by the alylic bromination of
the 2-Ethyl but-2-enoic acid ethyl ester which could inturn be obtained from the Wittig reaction
of acetaldehyde.

Thus Wittig reection of acetddehyde with phosporane gave the ester 88, but the
atempted bromination with NBS resulted in the formation of multiple products, which could not
be separated thus warranting an aternative route (Scheme 14).

Scheme 14:
PPh, i NBS, AIBN Br
DCM, 0°C
L. oowoe_ N R
H \)J\COOEt | |
COCEt COOEt
88

A closer look, after smple FGI, suggests an acohol 86 (R=CH,OH) to be a suitable
subgtrate which can be advantageous in the find stages of synthesis i.e reduction of the ester thus
avoiding the decarbonylative loss of ester encountered in the find stages of the synthesis since
the oxidation states of the C-17 and C-20 carbonyl would be different (section 1.2.1)

Literature search reveded that such a substrate 86 could be prepared from propargyl
doohol.'?® Thus Mannich reaction of propargyl acohol*?’ with formadehyde and diakylamine
gave the amino dcohol 89. *H NMR spectrum of 89 showed the presence of two singlets a d
4.24 (2H) and d 3.39 (2H) were assgned for two propargylic methylenes.

Treatment of compound 89 with ethylmagnesumbromide*?® gave the 2-ethyl substituted
olefin 90. *H NMR spectrum of 90 showed a triplet a d 5.51 (1H) assigned to olefinic proton,
doublet at d 341 (2H) for dlylic -CH»- and quartet d 2.10 and triplet at d 0.97 (3H) for ethyl
group.

Alcohol was protected as acetate 91 by tregting with AcO in DCM followed by
neutralization with NaHCOz; solution.
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N, N-diakyl group was removed as carbamate by modified VVon-Braun reaction?® i.e. by
refluxing with ethylchloroformate to obtain the chloro compound 86 in excellent yidd. *H NMR
spectrum of 86 showed the absence of akyl protons and there was a shift in the positions of the
dlylic -CH,- to d 451 (m, 4H) thus confirming the presence of eectronegative chloro aom
adjacent to it. The acetyl protection wasintact.

This chloro compound 86 was treated with potassum sdt of monoethylmaonate 87
under PTC conditionsto get dlylic ester 92 (Scheme 15).

'H NMR spectrum of 92 showed a triplet d 1.04 (3H) and quartet a d 2.11 (2H)
indicating the presence of ethyl group attached to olefinic-carbon, singlet 4 d 2.1 assgned for -
OCOCHs, snglet a d3.36 (2H) for active —CH, group, a quartet at d 4.25 (2H) and triplet (3H)
at d 1.29 for COOCH,CHg, singlet & d 4.34 (2H) for the - CH»>- OAc, and doublet a d 4.69(2H)

for O-CH,-CH. IR spectrum showed the absorbance at 1714 cml. Mass spectrd andyss
showed the m/z at 272.

Scheme 15
NR, NR,
y HCHO, R,NH y EtMgBr Ac0
- —_—
HO/ 1h, 85% / Ether | OH DCM
HO 6h, 87% 4h, 97%
89 90
cl Q 'e)
j\/ CICOOEt KOJ\/COOEI fo
87
_—>
Benzene reflux | OAcC TBABr COOEt
1h 95% 5h
A
96% OAc
91 86 92

Trestment of ester 92 in aq acetone with KMnO, under acidic pH conditions resulted in
the formation of ketol 75. *H NMR spectrum of 75 showed the absence d olefinic protons, and

up fidd shifted snglet & d 5.04 (2H) indicating the presence of -OCH,CO-, and multiplet & d
4.25 for —-CH,-OAc (merged with the quartet of-COOEt) and the multiplet &t d 1.71 (2H) for -
CH»-CHj3 (due to the adjacent quarternary center causng the multiplicity), snglets & d 2.09 (3H)
and d 349 (2H) were ascribed to for acetyl and active methylene groups respectively. IR
spectrum showed absorbance at 3486 ¢t and 1744 cmit indicating the presence of a-hydroxy b-
keto ester functional groups. Mass spectrum showed the m/z peek at 304.
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Ketol 75 upon treatment with NaH / THF underwent Aldol condensation to furnish
intermediate 93 (Scheme 16).  *H NMR spectrum of 93 indicated the absence of singlet of active
methylene (—CH»-COOEt) and the appearance of quartet a d 4.8 (2H) due to the lactone
formation causng the vicind coupling (AB paten), and a anglet & d 2.1 (3H) and quartet at d
44 (2+2H) and triplet &t d 1.4 (3H) confirming the presence of -COOC;Hs and acetyl group
respectively. IR spectrum showed the absorbance at 1765 cmitand 1745 cmi™.

Scheme 16

KMnO, 0o
Acetone:HZO I NaH
COOEt AcOH COOEt THE COOEt COOEt
i OH

30 min, 92% 1.5h, 88%
OAc

75
Allylic haogenation of 93 would result in the formation of pseudoaad hdide 55 whose

coupling with tricydicamine 54 would in turn provide an advanced intermediate for the

Camptothecin synthesis after smple functiona group manipulations. Work isin progress.
Conclusion

We have demondrated the potentidity of our methodologies i.e reductive amination and
intramolecular condensetion for the synthesis of synthons involved in the convergent approach to

Camptothecin.
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1.2.3.6. Experimental:
1 3-[1,3] Dioxaolan-2-yl-2-iodo-quinoline [ 76]

A solution of 2-chloro-3-formyl quinoline (28.3, 0.1mal) in benzene (300mL) containing
ethylere glycol (0.3 mol) and cadytic amount of p-TSA was heated under reflux for 5h with
azeotropic remova of water. The cooled solution was treated with sat. NaHCO; solution (300
mL) was added and dried and evaporated to give 76 as white solid, which was pure enough for

further use.

Molecular Formula : Ci2H10INO2, 379

Yidd : 34.1g, 90%

IR (Nujol) : 1625, 1555, 1310, 1175 cm*

IH NMR (200MHz) :d: 8.18 (s, 1H), 8.08 (d, J = 8.2 Hz, 1H), 7.81 (dd, J = 8.2Hz, 1.4hz, 1H),
7.61 (t, 1H), 7.57 (t, 1H), 6.03 (s, 1H), 4.18 (M, 4H)
Mass, m/z (%) 327 (M*, 5), 235 (80), 204 (10), 200 (30), 190 (50), 163 (100), 148 (75),
127 (50), 101 (30)

2. 3-[1,3] Dioxolan-2-yl-quinoline-2-car baldehyde [77]

O/B
Xy o
A _H

3-[1,3] dioxolan-2yl-2-iodo-quindline 76 (0.654g, 2mmoal) in dry ether & -70°C under N,
atmosphere was treated with n-BuLi (1.1 mL, 2M <ol in toluene, 2.1mmol) with irring and after
few minutes dry DMF was added. After reaching ambient temp the solution was treated with
water and extracted with CHCL; (3%x20mL). The combined organic phase was dried over NSO,
and concentrated under reduced pressure to give the crude ddehyde, which was purified by
column chromatography over slica gd usng ethylacetate-pet ether (3:7) as euent to give pure
77.

Molecular Formula : Ci3H11NO3 229
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M.P. : 145°C

Yidd . 0.251g, 55%

IR (CHClI3) : 1685, 1617, 1560, 1145, 910cm*

IH NMR (200MHz): d: 10.37(s, 1H), 86 (s, 1H), 8.25 (d, J = 8.3 Hz, 1H), 7.81 (d, J = 8.3Hz,

1H), 7.61 (t, 1H), 7.57 (t, 1H), 6.73 (s, 1H), 4.18 (M, 4H)

13C NMR (50Mhz) : d: 193.79 (C), 149.79 (C), 146.92 (C), 134.65 (CH), 130.31 (CH), 129.57
(C), 129.52(CH), 129.02 (C), 128.21(C), 127.86 (CH), 98.59 (CH), 64.99
(CHy)

3. (3-[1,3] Dioxolan-2-yl-quinolin-2-ylmethyl)-phenyl-amine [ 79]
D
X o
CCCi O
79

Quinoline ddehyde 77 (1.135 g, 5 mmol) and benzylamine (0.648 g, 6 mmol) were
mixed n MeOH (40 mL) at rt under N, amosphere and the mixture was dirred at rt for 3h, until
the ddimine 78 formation was completed (determined by TLC). The addimine in MeOH was
carefully treated at C with solid NaBH,4 (0.6 g, 16 mmol). The reaction mixture was stirred for
10 min & 0°C and it was brought to room temperature and alowed to ir for 1h after which
methanol was removed under reduced pressure and water was added and extracted with CHCh
(2x30 ml) .The combined organic extract was washed with saturated agueous NaCl and dried
(N&SO4). The solvent was eveporated to give the product 79, which was subjected for
formylation directly with out any purification.

Molecular Formula : CyoH20N20,, 320

M.P. 1 111°C
Yield : 145, , 95%.
IR (CHCl) : 3425, 1625, 1150

IH NMR (200MHz) :d: 830 (s, 1H), 8.05 (d, J = 8.3 Hz, 1H), 7.80 (d, J = 8.3Hz 1H), 7.71(m,
1H), 7.52 (m, 1H), 7.43 =7.2 (m, 5H), 6.12 (s, 1H), 4.20 (s, 2H), 4.18 (M,
4H), 3.94 (2H).
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4, N-Benzyl-N- (2-iodo-quinolin-3-ylmethyl)-formamide [73]
A N
73

To the solution of acetic formic anhydride (obtained by Krimen's procedure by 1:1
mixture of sodium formate and acetyl chloride in dry THF) was added amine 82 (0.750g,
2mmol) a 0°C and was dowly brought to rt a which it was gtirred for 4hrs. It was quenched
with NaCO;3; solution and extracted with ethylacetate (3x50mL). The organic phase was dried
and evgporated to give crude N-formamide, which was purified by dlica gd column
chromatography using 50% ethyl acetate and petether as €luent.

Molecular .Formula : CigH15IN20O, 402.24

Yield : 0.723g, 90%

IR (CHCL) : 34001, 1750cm*

'H NMR (200MHz) :d 8.59 (s, 1H), 8.03 (, 1H), 7.60-7.0 (m, 7H), 4.5 (dd , 4H)..

5. Quinadline-2, 3-dialdehyde [64]

N H

z H
NW
64

The quindline acetd 77 (0.460g, 2mmol) was suspended in a 1:2 mixture of aq HCI
solution (2M) and ether for 1h. Ether layer was removed and the agueous phase was basified and
evaporated with CHCl; (2x75 mL) and the extracts were dried and evaporated under reduced
pressure to give diddehyde 64 asaydlow solid.

Molecular Formula : Ci1H/NO, 185

M.P. : 137°C
Yied : 0.340g, 92%
IR (CHCL) : 1705, 1680, 1620, 1575cn*

IH NMR (200MHz) :d: 11.02 (s, 1H), 10.38 (s, 1H), 8.86 (s, 1H), 8.31 (d, J = 8.2Hz, 1H), 8.06
(d, 1H), 7.98 (t, 1H), 7.8 (t, 1H)
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6. 2-Benzyl-2, 3-dihydro-1H-pyrrolo [3,4-b] quinoline [54]
N
54

Quinoline didldehyde 64 (1.85 g, 10 mmol) and benzylamine (0.645g, 0.6eq) were mixed
in MeOH (20 mL) at rt under a N atmosphere and the mixture was girred a rt for 1h, until the
ddimine formation was completed (monitored by TLC). The ddimine in MeOH a 0°Cwas
caefully treated with solid NaBH4 (0.6 g, 1.6 mmol) and dtirred for 10 min. The reaction mixture
was brought to room temperature and dlowed to sir for lhr after which methanol was removed
under reduced pressure and added water, extracted with CHCL; (2x30 ml) .The combined organic
extract was washed with saturated aqueous NaCl and dried (MgSO,). The solvent was
evaporated to give the crude product 54. Andyticdly pure sample was obtained by column
chromatography (slicagd, 30% Ethylacetate- petether)

Molecular Formula : CigHisN2 260

Yield : 210 g, 80%

IR (CHCL) : 3340, 1540, 1260cm*

'HNMR(200MHz) : d: 8.05 (d, 1H), 7.86 (s 1H), 7.73 (d, 1H), 7.76 (dt, 1H), 7.5-7.23 (m,
6H), 4.13 (s, 2H), 4.05 (s, 2H), 4.00 (s, 2H)

M ass m/z (%) : 260, 259, 183, 140, 114, 91

7. 4-Dibutylamino-but-2-yn-1-ol [89]
sy
89

Dibutylamine (145g, 1.2moles) was dissolved in water (80mL) and the solution was
brought to pH 9 by the addition of a solution of 50% sulfuric acid. Formadehyde (35% solution
in water, 1.6 moles) solution was added to the mixture followed by propargyl acohol (569,
Immoal). A solution of 53 of CuSO, in water (50mL)f was admixed with the contents of the
reaction vessel and the pH was adjusted to 8.4 by the addition of excess of dibutylamine solution.
The reaction was heated a 80°C under reflux with stirring with the greenish ppt, which gradualy
turned ydlow, indicating the formation of copper propargylate and deposition of metalic copper
(1h). The mixture was cooled and poured into 300 mL of the ice-cold con. NHs. The combined
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aqueous solutions were then extracted with DCM (3x200mL). The combined organic layers were
dried (N&SO,4) and concentrated under reduced pressure. The residue was distilled in vacuo to
yield the amino dcohal 89.

Molecular. Formula : Ci2HosNO

B.P. : 125°C, 100mm of Hg

Yidd : 121 g, 81%.

IR (Neat) : 3600, 780cm*

'HNMR(200MHz)  :d 4.24 (s, 2H), 3.39 (s, 2H), 2.75 (br s, 1H), 2.43 (t, 4H), 1.36 (m, 8H),
0.97 (6H)

8. 4-Butylamino-2-ethyl-but-2-en-1-ol [90]

OH
BuzN\/=§

90

Mg powder (24.3 g, 1 mol) in ether (400 mL) was trested with ethyl bromide (108g, 1
mol) and the mixture dtirred for 1h. To this Grignard reagent (1mol) in ether was added dropwise
a solution of 89 (65g, 0.33mal) in ether (260 ML) dropwise a room temperature under a N
atmosphere and the resulting mixture was stirred for 1h, and under refluxed for 4h. It was trested
with a large excess of NH;Cl solution and extracted with dichloromethane. The organic layer
was dried (N&SO,4) and concentrated in vacuo. The pure aminodlylic dcohol 90 was obtained
by didtillation under reduced pressure.
Molecular. Formula : Ci4H29NO, 227

B.P. : 130 °C, 10mm
Yidd : 60.13g, 87%
IR (Neat) : 3350, 1419 cmt

IHNMR(200MH)  :d: 551 (t, 1H), 4.06 (s, 2H), 3.41 (d, 2H), 2.41 (t, 4H +1H of -OH), 2.10
(m, 2H), 1.5-1.26 (m, 8H), 0.97 (M, 9H)
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0. Acetic acid 4-dibutylamino-2-ethyl-but-2-enyl ester [91]
NBu,

OAc
91

A solution of 90 (2259, 0.1 mmol) in dry dichloromethane (30 mL) was treated with
acetic anhydride (13.85g, 0.13mol). The reaction was quenched after 4h with NaHCOs solution
and evaporated in vacuo. The oily resdue was digtilled under vacuum to obtain the pure acetate
91.

Molecular. Formula : CigH31NO> , 269

B.P. : 115°C a 10 mm of Hg
Yield : 2599, 97%
IR (Neat) : 3450, 1738cmt,

'HNMR(200MHz)  :d: 553 (t, 1H), 4.51 (s, 2H), 3.09 (d, 2H), 2.39 (t, 4H), 2.10 (g, 2H), 2.08
(s, 3H), 1.5-1.26 (m, 8H), 0.97 (m, 9H)
10.  4-Chloro-2-ethyl-but-2-enyl acetate [86]

LR

86

To a refluxing solution of amine 91 (13.5g, 0.05mol) in benzene (70mL) was rapidly
added a solution of CICOOEt (1.5 mmol, 7.5 g) in benzene (20mL), and refluxing was continued
for 1h. After the appearance of single carbamate, the reaction mixture was cooled and washed
with dil. HCl, water and dried (NaSO,) After the evaporation of the solvent under reduced
pressure, chloro acetate was obtained by fractiona ditillation from the carbamate by product.
Molecular Formula : CgH13ClO», 176

B.P. : 98°C a 760mm of Hg
Yidd : 10.36, 95%.
IR (Neat) : 3448, 1738, 770 cmt

'H NMR (200MHz) :d 5.63(t, 1H), 4.51 (m, 4H), 2.20 (g, 2H), 2.08 (s, 3H) 1.06 (t, 3H),
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11. Malonic acid 3-acetoxymethyl-pent-2-enyl ester ethyl ester [92]

(6]
o
hal
OEt
o
):o
92
To a sugpension of ethyl potassum maonate 87 (2.4g, 14mmol) in CH,Cl, (30mL) in the
presence of tetrabutylammonium bromide (0.450g, 10% molar) was added quickly the dlyl
chloroacetate 86 (1.76g, 10mmol). The reaction mixture was dirred a rt for 5h. After
evaporation of CH,Cl, the resdue was diluted with ether (40 mL) and then washed with water
before drying over N&SO, .The dried extracts were concentrated on rotaevaporator to yield the
dlylic maonate 92 as colourless ail.
Molecular Formula : Ci3H200s, 272
Yield : 2.611 g, 96%
IR (Neat) : 1773, 1740, 1501cm*
'HNMR(200MHZz) :d: 558 (t, 1H), 4.69 (d, J = 7.2Hz, 2H), 4.54 (s, 2H), 423 (g, 2H), 3.36
(s,2H), 2.12 (q, 2H), 2.11 (s, 3H), 1.26 (t, 3H), 1.0.4 (t, 3H).
M ass m/z (%) 1 272 (4), 212 (5), 167 (7), 14 0(20), 115 (38), 98 (100), 80 (48), 69 (20).

12. Malonic acid 3-acetoxymethyl-3-hydroxy-2-oxo-pentyl ester ethyl ester [75]
(6]

o
oL
COOEt
OH

OAc
75

To a dirred solution of dlefin 92 (0.574 g 2mmol) and AcOH (0.7ml) in 10ml of agueous
acetone (1: 9 of HO: Acetone) maintained a —10°C, was added KMnO, (0.555g, 3.4 mmol) in
portions such that the reaction temperature remains below -10°C. After stirring for 1/2 h a 10°C,
the black ppt of MnO; is filtered off through Celite pad and filtrate was evaporated at reduced
pressure to remove acetone and extracted with CH,Cl, (3x50 mL) .The combined organic phase
was dried (N&SO,) and concentrated under reduced pressure to furnish crude ketol 75
Purification by column chromatography over slica gd using 60% ethylacetate -petether as euent
furnished ketol 75 asacolourless ail.
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Molecular Formula : Ci3H200g 304.30

Yied : 0.559 g, 92%

IR : 3486, 3000, 2557.25, 1744, 1436, 1012, 900 cmi*

'HNMR(200MHZz)  :d: 5.04 (s, 2H), 4.21 (m, 4H), 3.49 (s, 2H), 2.09 (s, 3H), 1.75 (m, 2H), 1.3
(t, 3H), 0.94 (t, 3H)

13C NMR (50MHz) :d: 206 (C), 166 (C), 165.1 (C), 165 (C), 82 (CH), 68 (CH,), 67 (CH,), 62
(CHy), 42 (CHy), 27 (CHy), 21 (CHg), 13.5 (CHs), 12.1 (CHg),

M ass m/z (%) : 305 (6), 287 (10), 259 (9), 241 (50), 217 (17) 203 (12), 199 (31), 173
(29), 146 (40), 131 (100), 115 (90), 9 (67), 71 (78), 57 (40)

13.  4-(1-Acetoxymethyl-1-hydroxy-propyl)-2-oxo-2, 5-dihydro-furan-3-car boxylic acid
ethyl ester [93]

0]

0
\4<%Z:OOEt
HO OAcC

93

To a precooled solution of NaH (0.134 g, 50% suspension in minera oil, 0.284 mmol)
(pre washed with petether, 2x5ml) in THF (15 mL) was added diester 75 (0.3g) in THF, without
dlowing the temperature to rise beyond 10°C. The reaction mixture was alowed to rise to room
temperature and sirred for 1h, quenched with saturated NH4Cl solution, extracted with CH,Cl,
(3x20mL), dried (N&SO,4), and concentrated under reduced pressure. Purification by column
chromatography over dlica gd usng 60% ethylacetate — pet ether as duent furnished 93 as a
colourless all
Molecular Formula : Ci3H1806
Yidd : 0.253 g, 88%
IR : 3516, 3379, 3134, 2980, 1765, 1745, 1461, 1443, 1097 cm*
'H NMR (200MHz) :d: 4.9 (d, J = 42Hz, 2H), 4.41 (m, 4H), 2.1 (s, 3H), 1.7-1.9 (M, 2H), 1.30

(t, 3H), 0.9 (t, 3H)
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CHAPTER 1

SECTION I11

Synthesis of Nothapodytine B (Mappicine ketone)

1.3.1 Introduction
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The combingtion of the outstanding antiviral activity of Nothgpodytine B coupled with its
low abundance (extreme scarcity) and the need for the andlogues to develop the Structure -
activity relations have led to wide interest in the synthetic community. As a result few syntheses
have been successfully completed either by adapting the same chemisry by those groups
involved in the Camptothecin syntheses™° or new chemistry as is evident by recent reports®!
discussion of which has been dedlt in depth in the section 1.1.9.

X o X o)
= N 7 N
NTONy NNy
)
OH
OH O
R=OMe,Nothapodytine A (1) Mappicine (3) Camptothecin (4)

(Methoxymappicine ketone)
R= H, NothapodytineB (2)
(Mappicine Ketone)

1.3.2 Present Work
These congderations coupled with our interest in the parent molecule of this family led

us to devise a synthetic gpproach for the title compound.

Retro synthetic andyss of Nothgpodytine B (Mappicine ketone) reveals a conceptualy
new approach for the pyridone construction via N-C bond formation of an advanced intermediate
4 i.e. ?- amino unsaturaied ester by lactamization. The D-ring of 2 would be obtained by the
oxidation followed by unmasking the latent ketone (Schemel).

Scheme 1. Retrosynthetic analysis

N 0

7 \N ) — P NR COOR
0

2 4
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Among the various protocols consdered for placing this Sde chain, diphatic Claisen
rearrangement of dlylic vinyl ethers attracted our aitention. It belongs to a class of synthetic
trandformations, namely the sgmatropic shifts capable of producing a condgtent sructurd
modification of the molecular framework with concomitant crestion of a new carbonyl function.
The widespread application of this synthetic procedure is dso due to the outstanding degree of
dereo sdectivity, arisng from the highly ordered trangtion dates, observed in the newly formed
carbor-carbon bonds. Of various modified protocols for this [3,3] rearrangement, the Johnson
orthoester variant has attained consgderable importance dnce, dating from dlylic dcohols, it
utimady resllts in the synthess of g, d-unsaturated esters involving readily avaladle
orthoesters, as shown in the following equetion.

o okt OEt
/\H R,C(OEY), RZ\% 3.3] R2 o

R \ —_— (@) —_
R1 R R -~

From what began as a casud introduction to a paper 76 years ago has blossomed as a
reection of condderable significance. The Claisen rearrangement has simulated the interest of
severd generations of chemigs. Physcd organic chemisds have been provided with a
mechanigic chdlenge, the synthetic organic community has had the opportunity to expand the
scope of the reaction and gpply it to complex syntheses, and bioorganic chemigts have solved a
formidable chdlenge in the chemidtry of enzymes.

Among various variants of the same Johnson Ortho-ester rearrangement®®? of dlylic
acohol 6 gppeded as a suitable to place the requisite functiona groups and appendages on to
tricyclic synthon for further elaboration to pyridone ring as shown in Scheme 2.

Scheme 2
T WR coor T W W
Z _ OR _
N —> N \=< —> N
'*,)\Co OH
\ \
4

145



1.3.3 Results and discussion

Synthesis commences from the glycine, a readily available starting material
as shown in scheme 3. Allylation of O’Donnell’s Schiff's base 7 with chloro
compound 8, (prepared from propargyl alcohol according to the Sec. 1.2.3.5)
under solid phase transfer conditions in the presence of TBABr afforded the

allylated Schiff's base 9.

Scheme 3
Ph Ph H,COOC.__NH
H,COOC _N=C_ ~ TBAB/K,CO, H.COOC N=C, tomHe s 2
7 _— = —
+ CH,CN, reflux 30 min, 86%
C'/\=< 4h I onc L onc
8  OAc 9 10

'H NMR spectrum of 9 showed apart from a multiplet a d 7 8 for (10H) of diphenyl
group, a triplet a d 5.34 (1H) assigned to olefinic proton and a triplet a d 2.7 (1H) assigned -
CH-COOMe confirming the dlylation of the glycinate. The triplet a d 0.8 (3H) and quartet at
2.4 were assigned to ethyl group (CHsCH; —C), and singlet at d 2.0 for acetyl (OCCHg). Rests
of the protons were in consonance with the assgned Structure.

This feat introduces the necessary functiondities that would be required for the Claisen
rearrangement in sngle step and there by avoiding the Wittig reaction employed in our earlier
strategy (Sec. 2).

Treatment of Schiff's base 9 with 10% HCI furnished allyl glycine 10 in 86% yield

(Scheme 3).
'H NMR spectrum of 10 showed the absence of aromatic protons, and the

appearance of a singlet at d 2.58 (2H) assigned for HoN- thus confirming the hydrolysis
of Schiff's base. Appearance of a singlet at d 2.0 (2H) showed that acetate is intact and
other protons appeared at their expected chemical shifts.*C NMR spectrum showed
two peaks atd 175.23 and 170.12 assigned to two carbonyls.

Amine was protected as its benzyloxy carbamate 11 by employing potassium
carbonate as the base in dry dichloromethane as the solvent (Scheme 4).
Scheme 4
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H,COOC.__NHCb
H,COOC_NH, CICOOCH,Ph 3 z

| K,CO,, DCM |
OAc rt, 1h, 96% OAc

10 11

'H NMR spectrum of 11 showed the presence of singlet a d 5.07 and a multiplet a d 7.3
(5H) combinely assgned to the -CH,CgHs and a doublet at d 5.9 (1H) for -NH-Chz confirming
the carbamate formation.*C NMR spectrum showed the presence of carbamate carbonyl at d
155.53 gpart from those of estersat d 171.85 and at d 170.12.

Having obtained the carbamate 11 with necessary functiond groups we turned our
atention to construct the other rings one by one In our ealier synthetic approach™® we
annulated C-ring followed by AB and DE and hence we decided to follow the same order.

The attempted tandem Michad-Dieckmann condensation employing ethyl acrylate as
Michael acceptor in presence of NaH, origindly employed for the pyrrolidone construction***
failed to afford (3-ketoester.

We recognized that the acetate functionality’s incompatibility with the conditions
used in reactions of pyrrolidone installation, and that this protecting would have to be
carefully chosen in the synthetic sequence. As a result, we decided to convert the
acetate to PMB ether, which is preferred in the light of its deprotection conditions
orthogonally with the Cbz carbamate.

Towards this direction, the hydrolyss of acetate in presence of K,COs; in methand
produced dlylic dcohal 12.

Scheme 5:
OEt
H.COOC_ _NHCbz Xl H,CO00C.__NHChz
3 cho H,COOC.__NHCbz /\§Et
| MeOH H*, 2h reflux, COOEt
OAc 950
13

11

'H NMR spectrum of 12 showed a singlet a d 4.1 (upfiled shift of dlylic protons)
confirming the presence of --CH,OH. *C NMR spectrum showed the presence of only one ester
carbonyl a d 172.25 apart from carbamate carbonyl at d 155.78.

147



At this gage we recognized the functiond group smilarities of the subdrate 12's. sde
chan with that of the quindline dlylic dcohol 6 - proposed substrate for Claisen rearrangement,
hence we reasoned that the efficacy of the Claisen rearrangement can be assessed at this stage
and such a drategy would impart the flexibility to the synthess by dlowing the condruction of
DE rings before hand thus making the andogues preparation possble by congructing the AB
rngs a late dage in the synthess  Peasngly, dlylic dcohol 12 underwent facile Claisen
rearrangement upon trestment with triethylorthopropinate to furnish the ?, d unsaturated ester 13
in near quantitative yield (Schemeb).

'H NMR spectrum of 13 is in accordance with the assigned structure of 2, d unsaturated
ester and the lack of triplet a d 5 of internd dlefin. The 3C NMR spectrum showed the olefin

carbon to be a sp® carbon at d 100 and the presence of newly formed carbony! at d 174.90.

Encouraged by this result we intendfied the efforts to condruct the quinoline dlylic
adcohal while the efforts to gphon this intermediate in to Camptothecin [which would be much
the smilar to Henagar’s route] was postponed and planned to attempt the proposed formation of
pyridone by N-C bond formation on ABC synthon 6, for it would provide the rigidity to the
molecule.

Thus trestment of dlylic dcohal 13 with PMB chloride in presence of NaH in THF gave

multiple compounds. We fdt that the presence of amide NH is the cause for the problem in
sdective protection of acohol under these conditions. In literature it has been documented that
employing the trichloroacetimidate such problems have been circumvented®® Hence we
resorted to the same protocol.

As atticipated dlylic dcohol 12 upon treetment with the p-methoxy benzyl 22,2-
trichloroacetimidate in the presence of boron triflouride etherate furnished carbamate 14 (Scheme
6).

Scheme 6:

HCOOC _NHCbZ by o ceenpmyccl, H,COOC.__NHCbz

| BF,.OEt, (cat) |
OH rt, 3h

12 81% 14

OPMB

IR spectrum of 14 showed the absorptions at 1732, 1510 cmi**H NMR spectrum revealed
the characteristic peaks of PMB ether i.e. doubletsat d 7.2 (2H) and d 6.8 (2H) and the singlet a
d 3.7 (3H) apart from other protons *C NMR spectrum showed the presence of 5 methylenes in
the molecule gpart from the aromatic part.
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With the desired carbamate 14 in hand we proceeded to construct the pyrrolidone.

Thus the tandem Michad-Dieckmann condensation employing ethyl acrylate as Miched
acceptor in presence of NaH, protocol originaly employed for the pyrrolidone construction
afforded [3-ketoester 15 in 65%.

'H NMR spectrum of 15 showed the absence of methyl ester peaks and the appearance of
amultiplet a& d 4.0-4.5 (2H) assigned to pyrrolidone protons, and a quartet a d 4.3 and triplet at
d 1.3 (3H) combindly assigned to ethyl ester peaks.

Scheme 7:
H,COOC_ _NHCbz Ethyll\IZCHryIate H00C NCbz
3h, reflux 0
I opme  66% \\_ OPMB
14 15

[-ketoester 15 was decarboxylated by refluxing in DMSO in presence of NaCl, i.e.
Krgpcho's conditions to obtain pyrrolidone 16 (Scheme 7) which was subjected without
purification for Friedlander condensation with Schiff's base 17, (prepared from o-
nitrobenzaldehyde and p-toludine by a two step procedure™®) in toluene employing cat p-TSA to

provide quinoline compound 18.

Scheme 8:
EtOOC
1. NaCl/DMSO X DD
0o NCbz . | Nebz Q, NCbz
~
2. N N rt, 6h N
ENHZ )= 90%
/ Toluene p-TSA \ \
3h reflux OPMB o

PMBO 69% 18 5

15

'H NMR spectrum of 18 showed apat from the diphatic protons the presence of
quinoline pettern comprising of triplet & d 8.2, doublet at d 7.8, doublet at d 7.75, triplet a d7.56
and triplet at d7.43 (1H each).

The deprotection of PMB ether of quinoline compound with DDQ™’ furmished quinoline
dlylicacohal 6 (Scheme 8).
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IR spectrum of 6 confirmed the presence of -OH by showing the absorption at 3500cm>.
The *H NMR spectrum showed the absence of the protons of PMB group and shift in the alylic
CH, to d 4.05. The 3C NMR spectrum revedled the presence of only five methylenes apart from

other carbons. Mass spectrum showed the m/z pesk at 402. The adcohol 6 was dso obtained by
the DIBAL-H reduction of the a [-unsaturated ester (that we have devised in the synthesis of

CPT sec 2).
X DIBAL-H, CH,C, D
NCbz z NCbz

~ —

N -78°C, 1h N

0°C, 2h
\ o 94% \
6
OE OH

t

Having obtained the acohol 6 with the required functiondities and the ABC-part, we just
extrapolated the conditions dandardized ealier on a norquinoline dlylic dcohol 12 for the

Claisen rearrangement.
To our ddignt, dlylic dcohol 6 undewent feacile rearangement  with

triethylorthopropionate in presence of (cat) propionic acid a 140°C to furnish the ?, d —
unsaturated ester 4 (Scheme 9).

Scheme 9:
OEt N
%OEI
_ NCbz 5EL P NCBz COOEt

N > N

\ OH / cooH

2h, 92%
6 4

'H NMR spectrum of 4 showed the product to be mixture of diastereomers .The presence
of multiplets & d 5.0, 3.89 and 1.1 were combindy attributed to the g, d unsaturated ester. 3C
NMR spectrum showed the olefinic carbon to be a sp® hybridized one & d110.9 and the newly
formed ester carbonyl was seen a d 175. Mass spectrum showed the m/z pesk a 486 confirming
the orthoester-rearranged product. No effort was made to purify this diastereomeric mixture as
al the chird centers were to be destroyed to generate pyridone at the later stages of the synthesis.
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Having successfully inddled the butylidene and methyl and ester sde chain on to the
tricyclic carbamate al that needed to congruct the D-ring of the title compound was N-C bond
formation i.e. acylaion of amine This requires the sdective deprotection of carbamate in
presence of ?, d-unsaturated ester.

TMSCl / Na reagent system was employed to sdectively deprotect the benzyloxy

cabamate of a, b-unsaturated edter in our synthess of Camptothecin. Treatment of the
carbamate ester 4 with TMSCI / Nal resulted in clean deprotection of the carbamate (N-Cbz)
group to secondary amine. But the *H NMR spectrum of the product did not show the olefinic
and ester protons. *C NMR reveded the intactness of the carbonyl aong with a sp-hybridized
carbon a d 80 a the expense of the dlefinic carbon. Mass spectrum showed the molecular ion
pesk a 324. This compound was basc (amine) in nature i.e. formed the hydrochloride st
readily and dissolvesin acids.

Carbamates are known to be deprotected with the hydrogen halides, but the undesired
propengty of addition of HX to olefins is the factor, which had to be borne in the mind.
Compared to other hydrogen hdides, HCl does not add readily to the olefins. It gppeared worth
while to try the deprotection with HCI. Accordingly atempts to deprotect carbamate 4 with 40%
HCl under refluxing conditions gave the amine product, but unfortunately with the smilar
gpectral properties as that of the product obtained in the earlier atempt, which suggested the
addition of hydrogen hdide to the olefin as a side reaction. In the earlier case it would be HI,
which invariably is the contaminant with the in situ generation of TMS!.

Scheme 10:
B A
_ NCBZ ~5 ot TM%(r:I/NaI _ NH
N _or _ N O
40%HCI
? (@]
4 19

While unsure of the exact mechanism of the formation of the saturated product, but based
on the spectral properties we proposed the concomitant lactone formation of the addition product
of HX to the dlefin (in Markonikoff way) and hence dructure 19 (tentative assgnment). At this
stage we became aware of the synthesis of Kianic acid of Gallagher'®®
the carbamate 20 has been achieved by employing the TMS in the presence of pyridine as a
scavenger of HI, confirming our suspection it to be a culprit.

Scheme 11:

where in deprotection of
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am _/HH

/ H . .
— . _/COO TMSI, Pyridine ' ___/COOH
P COOH CHCI, 1t COOH

N H N H
H

|
COOEt
21

lodotrimethylslane (MesSil) is a commercidly avalable reegent and, can be essly
prepared without any solvents!®® Thus hexamethyldislane and iodine mixture was refluxed
under argon atmosphere for an hour to which the carbamate was added aong with the pyridine
after cooling. To our ddight, carbamate 4 was cleanly deprotected under these conditions to
yield secondary amine 22, which was taken further without purification owing to itsingability (

Scheme 12
NCBZ coopt NH ookt
pyridine
4h, rt, 81%

The *H NMR spectrum of amine 22 (obtained from acid-base trestment) showed the
presence of multiplets a d 5.03 (2H), 4.14 (2H) and 1.23 (3H) assigned for olefin and ester
protons respectively, and the absence of benzylic and multiplet in the aromatic region confirming
the sdective debenzylation. Mass spectrum showed molecular ion pesk a 352 confirming the
loss of Cbz from Claisen product 4.

Generdly, the lactam skeleton is congtructed through formation of the N-C bond of the
amino esters® in the presence of base or by hedting in a high boiling solvent (some times
combination of both). Amine 22 underwent lactamization reedily in refluxing ethanol in presece
of KOAc to give the tetrahydro pyridone. (Scheme 13)

Scheme 13:
X o}
KOAc / Ethanol X
A M cooet . NK
N A 6h N
85%
22 3
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'H NMR spectrum of 3 showed the absence of the ester protons and the product was ill
a mixture of diastereomers. Multiplet a d 0.9-1.1 (6H) was assigned for the -CHs a-to lactam
and -CHj3 of ethyl group while the multiplet & d 2.05 (2H) was assigned for -CH,CHs. Mass
gpectrum further confirmed the cylized product by reveding the m/z pesk at 306

Oxidation of the tetra hydro pyridone 3 with DDQ afforded pyridone 23 (Scheme 14).
Scheme 14:

N O
DDQ J_N
N
Dioxane \ Y
3.5h, reflux
80% 23

'H NMR spectrum of 23 showed the presence singlet a d 7.18 (1H) assigned to pyridone
proton adong with the other quinoline protons which appeared as a triplet a d 7.62 and doublet at
d 7.8, adoublet at d 7.93 doublet at d 8.22 and a singlet a d 8.3 each integrating for one proton.
The presence of quartet at d 2.45 (2H) and triplet at d 1.14 (3H) were assigned to -C,Hs and the
snglet a& d 2.2 (3H) was assgned for the methyl group on aromdtic ring while the two snglets a
d 5.27and 4.90 combinely integrating for 4H were assgned to benzylic and olefinic protons.

13C NMR spectrum showed the presence of amide carbonyl a d 161.87 dongwith the
presence of sp? carbons at d 102.36 and d 113.50 assigned to pyridone and olefin (CH,) carbons
respectively. Mass gpectrum showed the m/z pesk a 302 (loss of 2 mass units by
dehydrogenation process)

With the key butylidine intermediate 23 in hand, all that left to complete the
synthesis is
Of the title compound is the unmasking the latent carbonyl by oxidative removal of the

methylene protection. Thus the conversion into the desired ketone was accomplished
by a controlled ozonolysis of the olefin to complete the synthesis of Nothapodytine B 2.
Scheme 16:

N o3
z —_—
N \_/ DMS
76%
23
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The spectral data 2 was in complete agreement with the reported data. *4*

Conclusion
We have achieved the nove synthess of Nothapodytine B by a conceptudly new

goproach for pyridone formation by employing the Clasen rearrangement in an efficient way,
and hence the synthesis of Mappicine.

This protocol would dso be suitable to access Camptothecin and HomoCamptothecin by
employing the suitable ortho ester in the Johnson ortho ester rearrangement.

1.3.4 Experimental:
1 5-Acetoxymethyl-2-amino-hept-4-enoic acid methyl ester [10]

MeoOoC—NH,
ioj(
10 ©
A suspenson of diphenyl Schiff's base (2539g, 10 mmoal), tetra-n-butylammonium
bromide (0.322g, 0.1 mmol), potassum carbonate (0.415g, 3 mmol) and the chloro compound
(1.5mmoal) in acetonitrile (50mL) was refluxed for 4h. The solvent was evaporated
and the residue was suspended in a 2 M solution of hydrogen chloride (20mL), stirred for 30min
and extracted with DCM and the organic phase was discarded and the agueous phase was treated
with a saturated solution of NH; (50 mL) and extracted with DCM (3x40 mL), dried (N&SO,)
and concentrated affording pure amine 10 as pade ydlow ail.
Molecular Formula : Ci1H19NO4 229
Yield : 1.97 g, 86%
IR (Neat) : 3450, 1740 cmt
'H NMR (200 MH2) :d:5.13(t, J = 7.32 Hz, 1H), 4.20 (s, 2H), 3.41 (s, 3H), 3.22 (t, 1H), 2.11
(m, 2H), 1.75 (g, J = 7.33 Hz , 2H), 1.82 (s, 3H), 1.50 (s, 2H), 0.73 (t,J =
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7.33 Hz, 3H).
13C NMR (50 MH2) :d: 175.23 (C), 170.12 (C), 138.81 (C), 123.37 (CH), 67.20 (CHy), 53.62
(CHs), 51.36 (CHs), 32.35 (CH,), 20.37 (CHy), 20.41 (CHs), 12.47 (CHy).

2. 5-Acetoxymethyl-2-benzyloxycar bonylamino-het-4-enoic acid methyl ester [11]

NHCOOCH Ph

MeOOC
by
o

11
To a precooled solution of amine 10 (2.29 g, 10 mmoal) in DCM (40 mL) in presence of

K2,CO3 was added a toluene solution of CICOOCH,CgHs (1.87g, 11 mmal). The resulting
solution was dtirred under argon a room temperature for 1h, and cooled again to 0°C. A solution
of 1 M HCl (225mL) was then added. The reaulting solution was dirred for 5min a room
temperature and rapidly extracted with CH,Cl, (3x20mL) and then washed with NaHCOs
solution (25 mL). The organic phase was dried (N&SO,), filtered and evaporated in vacuo at 30
°C, to give of crude neutral residue.

Molecular Formula : CigH2sNOg 363

Yield : 0.348 g, 96%.

IR (film) : 3425, 1745, 1670cm ™.

'H NMR(200 MHZ) : d: 7.16 (m, 5H), 5.91 (d, 2H), 5.25 (t, J = 7.3 Hz, 1H), 4.95 (s, 2H), 4.33
(s, 3H), 3.54 (t, 1H), 2.39 (m, 2H), 1.95 (q, 2H), 1.86 (s, 3H), 0.83 (t,
3H).

13C NMR (50 MHz) :d: 171.85 (C), 170.12 (C), 155.53 (C), 139.43 (C), 136.16 (C), 128.03 (2,
CH) 127.59 (2, CH), 121.97 (CH), 66.98 (CH,), 66.35 (CHy), 53.30
(CHs3), 51.76 (CHg), 29.85 (CH,), 20.92 (CHp), 20.24 (CHs), 12.39
(CHs).

Mass m/z (%) : 363 (2, M¥), 303 (3), 244 (15), 168 (15), 108 (8), 91 (100), 81 (15)

3. 2-Benzyloxycar bonylamino-5-hydr oxymethyl-hept-4-enoic acid methyl ester [12]

NHCOOCH Ph

MeOOC
\\rj\/OH

12
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Compound 11 (0.720g, 2mmol) and dry powdered K,COsz (0.275g, 2 mmol) were
suspended in MeOH (16 mL) and stirred for 1h. MeOH was removed; the resdue was treated
with water and extracted with DCM (3x60mL). Organic phase was dried over NSO, and
concentrated under reduced pressure to give dlylic dcohol. Compound 12 was obtained as
colorless syrup with enough purity for the next step.

Molecular Formula : C;7H23NOs 321.78

Yield : 0. 690g, 95%.

IR (Neat) : 3550, 1723 cmt

'H NMR (200MHz2) : :7.35(m, 5H),5.5(d, 1H), 5.35 (t, J= 7.4 Hz, 2 H), 5.2 (s, 2 H), 4.0 (s,

2 H), 3.76 (s, 3H) 2.7-2.6 (m, 2 H), 2.10 (m, 4H), 1.0 (t, 3H)

13C NMR (50 MH2) :d: 172.25 (C), 155.78 (C), 144.79 (C), 136.04 (C), 128.03 (2,CH) 127.59
2,CH), 11759 (CH), 66.53 (CH), 65.25 (CHy), 53.49 (CHg), 51.94
(CH3), 29.74 (CHy), 20.73 (CH,), 13.75 (CHj3), 12.72 (CHg)

M ass: m/z (%) : 321(M™ 1), 303 (4), 262 (10), 244 (10), 200 (15), 168 (20), 108(23), 91
(100).

4. 5-Benzyloxycarbonylamino-3-  (1-ethyl-vinyl)-2-methyl-hexanedioic  acid  1-ethyl
ester 6-methyl ester [13]

H,COOC . NHCbz

13

A solution of dlylic dcohol 12 (0.322g, 1 mmol) and propionic acid (3 drops) in triethyl
orthoacetate (5 mL) was heated under reflux while propionic acid (3 drops) was added every
hour and the low boailing fraction was removed occasondly. After two hours, the excess triethyl
orthopropionate was ditilled off under reduced pressure and the resdue was purified by column
chromatography using 70% ethyl acetate - pet ether as duent afforded the unsaturated ester
Molecular Formula : C1H31NOg 405.78
Yied : 0. 385g, 95%
IR (CHCL) : 3440, 1730 cmt
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'H NMR (200 MH2) : d: 7.24 (m, 5 H), 5.7 (m, 1H), 5.01 (s, 2 H), 4.79 (m, 4 H), 4.0 (m, 2 H),
3.61 (s, 3H), 1.94 (m, 4 H), 1.19-0.86 (m, 9H)

13C NMR (50 MHz) : (mixture of diastereomers) d: 174.90 (C), 172.95(C), 155.82(C), 149.17
(C), 136.14 (C), 127.99 (2, CH) 127.63 (2,CH), 110.97 (CH), 66.31
(CH,), 60.76 (CHy), 52.42 (CHs), 51.72 (CH,), 50.03 (CH), 44.85 (CH),
42.13 (CH), 31.94 (CHy), 26.13 (CHy), 20.95(CHs), 13.75 (CHs), 12.98
(CHz) , 11.43 (CHa).

M ass: m/z (%) : 405 (11,M*) 390 (8), 346 ((11), 330 (11), 316 (12), 304 (13), 302 (25),
270 (30), 168 (50), 121 (80), 108 (25), 91 (100)

5. 2-Benzyloxycar bonylamino-5-(4-methoxy-benzyloxymethyl)-hept-4-enoic acid
methyl ester [14]

H,CO0C _NHCbz

14

A solution of PMB-OH (5.2g, 37.6mmol) in 35 ml of ether was added to a suspension of
60% NaH (0.15g, 3.88mmol) in 40 mL of ether at rt. The resulting mixture was girred at rt for
30 minutes and cooled to 0°C. Trichloroacetonitrile (3.8mL, 37.66mmol) was added and the
reaction mixture was alowed to warm dowly to room temperature during 4hr.The solution was
concentrated to orange syrup. The crude imitate was dissolved in cyclohexane (60mL) and a
solution of 12 (8g, 25mmol) in 300 mL of DCM was added. The resulting solution was cooled to
0°C and trested with BF3.OEt, (25m). The reaction mixture was warmed to room temperature
and dirred for 6hrs, dowly developing a white ppt. The solution was filtered through Celite and
the solids were washed with CH,Cl,-cyclohexane mixture. The filtrate was washed with NgCOs,
dried (N&SO4 and concentrated and purified by column chromatography over slica gel using
ethyl acetate and pet ether mixture as e uent to give PMB ether 13.
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Molecular Formula : CysH3iNOg 441.78

Yield : 8.93g, 81%.

IR : 2848, 1735cmi*

'H NMR (200 MH2) :d: 7.35 (m, 5 H), 7.23 (d, 2H), 6.89(d, 2H), 5.5 (d, 1H), 5.35 (t, 1 H), 5.2
(s, 2 H), 4.45 (m, 1H), 4.27 (s, 2H), 4.0 (s, 2 H), 3.76 (s, 3H), 3.75 (s,
3H), 2.7-2.7 (m, 2 H), 2.10 (m, 2H), 1.0 (t, 3H)

13C NMR (50 MH2) : d: 172.14 (C), 163.47 (C), 158.91 (C), 155.64 (C), 141.96 (C), 136.04
(©), 136.04 (C), 130.16 (C), 129.43 (CH) 129.06 (2,CH), 128.21 (CH)
127.74 (CH), 120.31(CH), 11351 (2CH), 72.78 (CH,), 70.95 (CHy),
66.64 (CH,), 64.25 (CH,), 54.88 (CHg), 53.49 (CH), 52.02 (CHs), 29.96
(CHy), 20.82 (CH,), 20.57 (CH3), 12.57 (CH3)

6. 5-[3-(4-methoxy-benzyloxymethyl)-pent-2-enyl-4-oxo-pyrrolidine-3-car boxylic acid
ethyl ester [15]

EtOOC
NCbz

| OPMB

15

A <olution of Cbz carbamate 14 (2.225, 5.0 mmol) in benzene (25mL) was added
dropwise & 0°C to a suspenson of sodium hydride (0.288g, 50% in disperson in minerd
al, 6mmal) in dry benzene (25mL). The addition was accompanied by formation of hydrogen
and anion of the eder. After dirring the resultant reaction mixture for 30min a room
temperature, ethylacrylate (0.62mL, 6.0 mmol) in benzene (14mL) was added dropwise very
dowly to the mixture with dirring. The reaction mixture was, then dirred for 30 min a rt and
then refluxed for 2hr. After the completion of the reaction, it was quenched with NH4Cl solution
and organic layer was separated and the agueous phase was further extracted with ethylacetate
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(2x50 mL). The combined organic layer was dried with NaSO,, filtered, and concentrated under
reduced pressure. The product was subjected for the decarboxylation without purification.

Molecular Formula : CygH33NOg

Yied :1.170 g, 65%.

IR (CHCL) : 2850, 1740cm*

'H NMR (200 MH2) : d: 7.37 (m, 5 H), 7.27 (m, 2H), 6.89 (d, 2H), 5.10 (m, 3H), 4.5-4.18 (m,
4H), 4.0-3.7 (m, 8H), 3.6 (1H), 2.5 (m, 2H), 1.26 (t, 3H), 0.90 (3H).

13C NMR (50 MHz) : d: 169.2 (C), 167.47 (C), 166.91 (C), 155.64 (C), 154.3(C), 136.8 (C),
136.4 (C), 129.43 (2CH) 128.06 (2CH), 128.03 (CH), 120.31(2CH),
113.51 (2CH), 72.78 (CH,), 66.64 (CH,), 64.25 (CH,), 54.88 (CHa),
53.49 (CH), 52.02 (CHs), 45.3 (CH,), 29.96 (CH,), 20.82 (CHy), 20.57
(CHs), 14.3(CHs), 12.57 (CHs)
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7. 3-[3-(4-methoxy-benzyloxymethyl)-pent-2-enyl]-1,3-dihydr-1H-pyrrolo [3,4-b]
guinaline-2-car boxylic acid benzyl ester [18]

N OMe
_ NChbz
G
\ o
18

A solution of b-keto carboxylic ester (1.527g, 3.00 mmol) in ag DMSO in presence of
NaCl (10 mL) was refluxed for 4 h. After the completion of the reaction it was extracted with
DCM  (2x90mL). The organic phase was separated, washed with dilute agueous sodium
bicarbonate, and dried. After evaporation of the solvent the residue was subjected for Friedlander
condensation. To the crude pyrrolidinone in dry toluene (20mL) was added N-(o-
aminobenzilidine)p-toludine (3mmol) and the mixture refluxed for 30 min with azeotropic
remova of water after which 0.075g of p-TSA was added and the mixture refluxed further 3h.
The reaction was quenched with NgCO3 and the organic phase was separated and the agueous
phase was further extracted with ethyl acetate (3x25mL). The combined organic phase was dried
(N&SO,), concentrated and purified by chromatography over slica gd usng 30% ethylacetate
pet ether as duent furnished quinaline 15.
Molecular Formula :C33H34N204’ 522

Yied : 1.070g, 70%.

IR (CHCL) : 2845, 1690, 1420 cmi*

'H NMR (200 MH2) :d: 7.35 (m, 5 H), 5.5 (d, 1H), 5.35 (t, 2 H), 5.2 (s, 2 H), 4.0 (s, 2 H), 3.76
(s, 3H), 2.7-2.7 (m, 2 H), 2.10 (m, 4H), 1.0 (t, 3H).

13C NMR (50 MHz) : d: 172.14 (C), 163.47 (C), 158.91 (C), 155.64 (C), 141.96 (C), 136.04
(C), 136.04 (C), 130.16 (C), 129.43 (2, CH) 129.06(2,CH), 128.21 (CH)
127.74 (CH), 120.31 (CH), 113.51 (CH), 72.78 (CH,), 70.95 (CH,), 66.64
(CH,), 64.25 (CHy), 60.07 (CH,), 54.88 (CHs), 53.49 (CHs), 52.02 (CHs)
29.96 (CH,), 20.82 (CHy) , 20.57 (CHsz), 13.86 (CHs), 12.57 (CHs).

8. 3-[3-Hydroxymethyl-pent-2-enyl]-1,3-dihydr-1H-pyrrolo[ 3,4-b]quindline-2-
carboxylic acid benzyl ester [6]
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NCbz

=

N

6 \ oH

Method A : To the solution of 15 (0.522g ,1mmoal) ( in agueous DCM (1:18) was added

DDQ (0.227g, 1mmol) and dirred for 1h. The reaction mixture was treated with NaHCO3

solution , dried (N&SO,4) , concentrated and purified by dglica gd column chromatography to

givethedlylic dcohal 6.

Method B

Diisobutylduminium hydride (DIBAL-H) (2M in toluene, 3 equiv, 6mmol, 3 mL) was

added at -78 °C to a solution of unsaturated ester (0.894 g, 2mmol) in dry DCM (14 mL). The

temperature was increased to 0°C over 1h and dirred for 2hr at that temperature. It was quenched

with 3mL of methanol and 3 mL of water and gtirred for an additional 10 minutes and extracted

with DCM (3x25mL). The combined organic layers were dried (NaSO,), and concentrated to

afford a visocous, colourless liquid. Column chromatography over slica gd employing 50% ethyl

acetate/petroleum ether resulted in the isolation of acohol 6 as a thick liquid, which solidified to

white solid upon storage.

Molecular Formula : CysH26N203 402.5

Yield : 0.720g, 90% ( Method A 83%)

IR (CHCL) : 3607-3400, 1677, 1460, 1374cm*

'H NMR (200MH2) : :8.06 (m, 1H), 7.95 (d, J = 11.24 Hz, 1H), 7.75 (d, J = 8.3, 1H), 7.37 (t,
J =83Hz, 1 H), 7.3 (t, J = 83 Hz, 1H), 7.34-7.25 (m, 5H), 5.53-5.22 (m,
4H), 4.75 (dd, J = 15.3Hz, 5.2Hz, 2 H), 3.9 (m, 2H), 3.83 (m, 3H), 2.03
(m, 2 H), 0.86 (m, 3H)

13C NMR (50 MHz) :d162.09 (C), 153.91 (C), 148.02 (2 C), 144.30 (2 C), 136.51 (C), 129.38
(CH), 129.20 (CH), 12842 (2 CH), 127.96 (2, CH), 127.62 (CH),
126.9(C), 126.22 (CH), 118.94 (CH), 67.11 (CH,), 66.90 (CHy), 62.81
(CH), 50.17 (CH,), ,31.86 (CH,), 20.87 (CH,), 12.64 (CHg)

9. 3-[2-(1-Ethoxycarbonyl-ethyl)-3-methylene-pentyl]-1, 3-dihydro-pyrrolo[3,4-b quinoline
2-carboxylic acid benzyl ester [4].
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_ NChbz
N

COOEt

A solution of dlylic dcohol (0.522g, 1.3 mmol) and propionic acid (3 drops) n triethyl
orthoacetate (5 mL) was heated under reflux (DeanStark) while propionic acid (3 drops) was
added every hour and the low boiling fraction was removed occasondly. After two hrs the
excess triethyl orthopropionate was didilled off  under reduced pressure and the residue was
purified by column chromatography afforded the unsaturated ester [hexane/ethyl acetate (7:3)].
Molecular Formula : CzoH34N204 486
Yield : 0.577g, 92%.

IR - 1736, 1615cmi*

'H NMR (200MH2) : 8.09 (m, 2H), 7.95-7.75 (m, 3H), 7.37 (t, 8.3Hz, 1 H), 7.43 (t, 7.34 (m,
6H), 5.29-5.25 (m, 3H), 4.95-4.27 (m, 3Hz, 3H), 3.89 (q, 2H), 2.5-0.5 (m,

13C NMR (50 MHz) d: 175.07 (C), 173.08 (C), 161.91 (C), 154.63 (C), 149.78 (C), 148.16
(CH), 147.8 (C), 136.51 (C), 136.17 (C), 128.97 (2 CH), 128.72 CH),
128.28 (2 CH), 127.87 (CH), 127.47 (CH), 127.32(CH), 110.62 (CH,),
67.86 (CHy), 59.97 (CH), 59.61 (CHy), 50.31 (CHy), 44.39 (CH), 42.74
(CH), 32.78 (CHy), 27.08 (CH,), 13.99 (CHz), 11.98 (CHs), 8.70 (CHg)

M ass: m/'z (%) 1 486 (M",5), 424 (5), 385 (5), 351 (10), 306 (18), 277 (8) ,249 (23), 224
(16), 197 (8), 169 (95), 91 (100) , 67 (10)

10.  3-(2,3-Dihydro-1H-pyrrolo[3,4-b]quindline-3-yl-methyl}-4-ethyl-2-methyl-pent -4-

enoic acid ethyl ester [22]

N

J__NH
N COOEt

22

A mixture of hexamethyldislane (0.3g, 2mmol) and lodine (0.5g, 2mmol) is heated at
about 65°C in 20mL flask fitted with a reflux condenser; an exothermic reaction took place and a
homogeneous solution was formed. Then the mixture was heated under reflux for 1h during
which the colorless solution of TMS has been formed. The reaction mixture was cooled and

subgtrate 4 (0.486g, 1mmol) was added in dry CHCL (10mL) dong with dry pyridine (0.15mL, a
162



trgp for the HI liberated invariably under these conditions). The reaction mixture was further

dirred for 4h a rt. The reaction mixture was diluted with CHClL and washed with saturated aq

NaHCO3; and dilute ag NaS,0; solutions successively, then dried and evaporated to leave the

amine 22 as dark paste which was subjected for lactamisatuion.

Molecular Formula : CyoH2sN20O, 352.48

Yield :0.388g, 81%

IR (CHCL) : 2450, 1735, 1612 cmi*

'H NMR (200 MH2) : d: 8.09 (m, 1H), 7.89 (m, 1H), 7.75 (m, 1H), 7.67 (m, 1 H), 7.43 (m, 1H),
5.03 - 4.25 (m, 2H), 4.33 (m, 3H), 4.89 (m, 2H), 3.02-2.5 (m, 2H), 2.30
(m, 3H), 1.79 (m, 2H), 1.3-1.01 (9H)

M ass: m/z (%) : 352 (M*7), 322 (5), 306 (40), 277 (10), 249 (70), 224 (40), 182 (50),
169 (100), 140 (29), 128 (11),115 (15), 95 (13), 67(30).

11.  Amine by product [19]

19

Method &) To a stirred solution of Nal (0.502 g, 3.3mol) and ester 4 (0.150g, 0.337mmol) in
dry acetonitrile (25 mL) was added TMSCI (0.367g, 3.3 mmol) dropwise under nitrogen
atmosphere. The reaction mixture was stirred for 1 h, quenched with thiosulphate solution
(20%) and the agqueous phase was extracted with ethylacetate (3x50mL). After acid(HCI)-
base(NH3) treatment, organic layer was dried, concentrated to provide amine 19.

Method b) A solution of ester 4 (0.486g, 1 mmol) was suspended in 1:1 40% HCI: dioxane

solution (15mL) and refluxed for 2h. The reaction mixture was extracted with DCM (15mL). The

aqueous phase was badsfied and extracted with DCM (3x30mL), dried, concentrated to give the

amine 19.

Molecular Formula :CyoH24N20, 324

Yidd : 70% in method A; 79% in method B.

IR (CHCL) : 3340, 1770, 1600 cmi*

'H NMR (200 MH2) : d: 8.10 (d, J = 8.3Hz, 1H), 7.93 (s, 1H), 7.83 (d, J =7.3Hz, 1H), 7.7 (t,
8.3Hz, 1 H), 7.53 (t, 7.3 Hz, 1H), 4.53 (m, 1H), 4.39 (s, 2H), 2.75-2.25 (m,
2H), 1.95-1.53 (m, 2H), 1.5-1.2 (m, 8H), 1.0 (m, 3H)

13C NMR (50 MHz) : d: 178.41 (C), 168.58 (C), 148.02 (C), 132.61 (C), 129.09 (CH), 129.0
(CH), 127.69 (CH), 127.43 (C), 125.96 (CH), 86.78 (C), 61.01 (CHa),
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48.99 (CH,), 47.08 (CH), 41.09 (CH), 37.5(CH), 32.93 (CHy), 27.07 (CH),
20.50 (CHs), 15.90 (CHs), 7.71 (CHs)

M ass:mz (%) : 324 (M*, 5), 295, 277 (4), 249 (10), 207 (10), 181 (5), 169 (100), 140
(29),115 (15), 84 (3)

12. 8-M ethyl-7-(1-methylene-propyl)-5b,7,8,11-tetrahydro-6H-indolizino[ 1,2-
b] quinoline-9-one 3]

A mixture of 13a (0.321 g, 1 mmol) and anhydrous sodium acetate (0.0826 g, 1 mmoal) in
ethanol was refluxed for 6h. The pH of the solution was adjusted to 8 by addition of 1 N NaOH.
ethanol was removed, and the solution was extracted with chloroform (3x15 mL). The
chloroform layer was dried and evaporated to give a gummy <olid, which was purified by
column chromatography (pet ether/ ethylacetate, 2/3) to give tetrahydropyridone (0.13 g, 80%)
asaydlow solid.

Molecular Formula : CyoH22N20  306.78

Yidd : 170 mg,

IR (CHCl5) : 1673, 1625 cmit

'H NMR (200 MH2) :d: 8.24-8.14 (m, 2H), 7.87 (d, 8.3Hz, 1 H), 7.53 (t, 5.8 Hz, 1H), 7.63 (t,
8.3 Hz, 1H), 5.5-4.5 (m, 5H), 2.90-2.5 (m, 2H), 2.47 (m, 1H), 2.25-1.83
(m, 3H), 1.3-1.0 (m, 6H)

13C NMR (50 MHz) : d: 178.41 (C), 168.63 (C), 148.52 (C), 132.91 (C), 129.09 (CH), 127.69
(CH), 127.43 (C), 125.96 (CH), 101.78 (CH,), 58.01 (CH), 49.1 (CHy),
47.28 (CH), 41.2 (CH), 32.93 (CHy), 27.08 (CH), 13.98 (CHs) 12.17
(CHg)

M ass: vz (%) : 306 (M*5), 289 (15), 277 (4), 249 (50), 224 (74), 196 (25), 182 (65), 169
(100), 140 (60), 128 (30), 115 (35), 81 (40), 67 (60)

13.  8-Methyl-7-(1-methylene-propyl)-11H-indolizino[ 1,2-b]quinoline-9-one [ 23]
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A solution of tetrahydropyridone 3 (0.306g, 1 mmol) was heated at reflux in dioxane in
the presence of DDQ (0.478g, 2.1 mmol) with stirring under argon for 3.5h. After being dlowed
to cool to ambient temperature, the reaction mixture was washed with NaHCO; and extracted
with ethylacetate (4x25mL), dried and concentrated. The residue was subjected to slica ge
column chromatography using 80% ethylacetate-pet ether to furnish of compound 23.

Molecular Formula : CyoHigN2O 302

Yidd : 240 mg, 80%

IR : 3057, 1658, 1604 crri'™;

'H NMR (200 MH2) : d: 8.31 (s, 1H), 8.17 (d, 8.3Hz, 1 H), 7.89 (d, 8.3 Hz, 1H), 7.81 (t, 7.3 Hz,
1H), 7.59 (t, 7.3Hz, 1H), 7.18 (s, 1H), 5.28 (s, 1H), 5.27 (s, 2H), 4.98 (s,
1H), 2.44 (q, 2H), 2.24 (s, 3H), 1.1 (t, 3H)

13C NMR (50 MH2) : d: 161.87 (C), 153.42 (C), 152.61 (C), 149.45 (C), 148.82 (C), 141.88
(C), 130.70 (CH), 130.15 (CH), 129.59 (CH), 128.79 (CH), 128.02 (C),
127.32 (CH), 127.02(C), 126.40 (C), 113.50 (CHp) 102.62 (CH), 50.01
(CHy), 29.62 (CH,), 14.03 (CHs), 12.23 (CHy).

M ass: m/'z (%) : 302 (M", 50), 287 (100), 273 (14), 243 (25), 218 (24), 128 (25), 77 (35).
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14.  8-Methyl-7-propionyl-11H-indalizino [1,2-b] quinoline-9-one

A dirred solution of 105 mg (0.35 mmol) of the dove olefin in 14 mL of
dichloromethane-methanol  (6:1) a —78°C was caefully treated with ozone until complete
consumption of the starting materid (TLC). After the excess ozone was removed with a stream
of oxygen, 2 mL of dimethyl sulfide was added to the reaction mixture, and dlowed overnight at
rt. The solvents were then removed under reduced pressure, and the residue was processed with
dichloromethane in the usud way to give the crude reaction product. Purification of this materid
by column chromatography over dlica gd with 15% MeOH in dichloromethane yidded

Mappicine ketone 2.

Molecular Formula :Cji9H12N20, 304

Yidd : 240 mg, 80%

M.P. : 236-237°C (lit. 237-238°C
IR (CHCl3) : 3090, 1704, 1651, 1600 cmi*

'H NMR (200MHz2) : 834 (s, 1 H), 8.17 (d, J=8.6 Hz, 1 H), 7.90 (d, J = 7.9 Hz, 1 H), 7.79
(ddd, J=8.4, 6.9, 1.6 Hz, 1 H), 7.62 (ddd, J = 8.1, 6.8, 1.2 Hz, 1 H), 7.23
(ss,1H),527(2s,2H),289(q, J=7.2Hz 2H), 228 (s, 3H), 1.22 (t, J
=7.2Hz, 3 H);

BC NMR (50MHz) : 205.5, 161.7, 152.8, 148.8, 148.1, 143.3, 131.0, 130.4, 129.5, 128.5,
128.1, 128.0, 127.7, 127.0, 97.8, 50.2, 36.0, 13.6, and 7.7,

M ass: m/'z (%) : 304 (M* 30), 289 (27), 248 (40), 219 (35), 191 (25), 167 (15), 137(25).
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CHAPTER 2

SECTION |

Synthesis of Luotonin
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2.1.1 Introduction

Recently new class of akaoids -Luotonin A (1), 1 B ), C,*** D,? E 3)* and (F) ®
were isolated from the agrid parts of Peganum nigellastrum Bunze, a Chinese medicina plant
used for the tretment of rheumatism, inflammation, abscesses and other mdadies. Peganam
nigellastrum is a rich source of dkaloids and it has been reported that the basic fraction exhibited
attitumor activity.'**  Luotonins A, B, and E possess a unique pyrrologuinazoline hetero
aromatic skeleton. Their structures have been determined to be 1, 2, and 3 based on the spectra
properties and anadlogy with that of Camptothecin 4. Among these Luotonin A showed
remarkable cytotoxic activity agang mouse leukemia-P388 cels even a low concentrations
(ICso 1.8myml). Luotonin A is a reminiscent of Camptothecin 4 % in its pentacydlic structure as
well as cytotoxic activity and can be regarded as a DE-ring modified analog of Camptothecin.

R
X O AN O
B JCN B CN
=
N \ P N D
N \_/

R=H, LuotoninA (1) OH O
R=0H, LuotoninB (2
R = OMe, Luotonin E (3)

R
AN O
B/CN
N \ D
N

2.1.2 Biogenesis
Quinazoline dkaoids including vedcine have been found to be biosyntheszed from

anthranilic acid as a key intermediae’®®. Co existence of Luotonins with Vasicing,

Camptothecin (4)

deoxyvadicine, vasicinone, deoxyvadcinone, besdes their having vadicine dructure in  them,
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suggedts that the plausble biosynthess from Vadcinone and anthranilic acd as shown in
Scheme 1.
Schemel:

COOH

LD — EfQ @*Q i
E —RE

9

2.1.3 Synthesis of Luotonins: A Literature Survey

The impressve biologicd activity of Luotonin A and noved heterocyclic skeleton raises
the posshility of obtaning the better andlogs by preparation of subdtituted andogs of AB& E-
ring and hence condderable attention has been focused on its synthess.  As a result four
gyntheses have been reported till date. These synthetic gpproaches mainly revolve around the
connections shown in the scheme 2.
Scheme 2: Retrosynthetic andyss

Ol = C@% — HQ%
11 6 R'=H, R"=0OH
7 R'=R" =0

Ganesan’s approach'’ (Scheme 3, 1998)

This synthess rdies on Kametani’'s iminoketene-amide condensation protocol. Thus 3-
oxopyroloquinazoline 11 upon condensation with sulfanylaminobenzoyl chloride 16 in presence
of LiN (TMS) , afforded Luotonin A.
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3-oxopyrroloquinoline 11 was prepared in 4 geps from 2-amincbenzaldehyde 12 by
dight modification of Danishefsky's procedure. This route is adaptable for the preparation of E-
anaogs as awide varigty of synthetic anthranilic acids are available.

Scheme 3: Ganesan et al, Tetrahedron Lett., 1998, 39, 9097

@[CHO ) 1. NaOEt, MeOH,reflux AN NBS, (1.4eq)
> —_—
Z OMe reflux, 7hrs
COOMe 2 H,S0O,, MeOH,reflux N |
60% @) 34%
12 13 14

COCI

NH MeOH 0
1
O’V'e m LiN(TMS), it

74%
85%

Kelly's approach 8 (Scheme 4, 1999)

Kely in his biosyntheticdly patterned synthess employed Friedlander condensation of
dione 7 with 2-amiobenzaldehyde 12 to construct the ABC part of the molecule.
Dione 7 was prepared from Vasicinone 6, which inturn was prepared in 5 steps and 22% yield
from anthranilic acid and 2-pyrrolidinone by a dightly modified procedure, usng Jones
oxidation. Friedlander condensation of dione 7 with 2-aminobenzadehyde gave Luotonin A (1)
in 36% vyield. This synthess of Luotonin A supports its proposed biosynthess and provides
convenient access to its anaogs.
Scheme 4: Kely et al, Tetrahedron Lett., 1999, 40, 2723
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0]

(@]
N N Jones oxidation
_ R — _ —_—>
N N 56%
5 6
(0] C[CHO Q
oL
N" N

Triton B,EtOH,reflux
O 2hrs,36%

Nomura'sApproach **° (Scheme 5, 1999)

Nomura et al in their gpproach employed Friedlander condensation of the Vasicinone 6
for the condruction of AB-Rings. This obviaes in the need for the oxidation of Vascinone to
dione 7, which was employed in Kdly’'s synthess. The darting materia, Vascinone was made

according to the literature procedure 1°

Scheme 5: Nomuraet al, Heterocycles, 1999, 51,1593
0 0
~ B P /
N N oH pTSA EtOH \
40%
5 6

Molina’s approach™* (Scheme 6, 2000)

Molina's approach ams a the synthesis of the key intermediate of the earlier synthess
i.e. dione 7. Thus sdective oxidation of deoxyvasicinone by SeO, furnished dione directly.
Alternatively it has dso been obtained by condensation of deoxyvasicinone with benzadehyde
followed by ozonolysis of the intermediate 18 in 64%yidd.
Scheme 6: Malinaet al, Synthesis, 2000, 11,1523
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Se0,, Dioxane @f‘\N
— =
0 N/ §

reflux

L O
1D
0
~
N Aczo reflux dL 0,,CH,CI Me2 ©\)‘\N
5
c H,CHO 4% N//‘;}
o)

This condiitutes a forma total synthess of Luotonin A dnce the putative intermediate 7,
now avalable by a shorter route and higher overdl yidd (31%) than the earlier synthesis, was
dready converted in to Luotonin A in a draghtforward way by Kely. Luotonin B has been
obtained by oxidation of Luotonin A with CAN.

Luotonin E has been synthesized by etherification of Luctonin B (Scheme 7).

Scheme 7:

OH OMe
(@]
= e _ o _
N \ N \ BF,Et,0 N \
N N N
1 2 3

2.1.4 Present work

Impressive biologicd activity of these unique heterocyclic dkadoids coupled with our
interest on quinoline alkaloids led us to develop a synthetic route for the Luotonins.

As is evident from the above discusson, the syntheses of Luotonin involve the annulation
of ather intermediate 7 or 11. We envisoned highly convergent synthess of dther of these
intermediates from a common precursor 19 as shown scheme 8 (while our work was in progress
Ganesan et al published their synthesis based on this Strategy).

Scheme 8: Retrosynthetic andyss
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2.1.5 Results and Discussion

Amine 20, prepared from benzylamine and ethyl acrylae in methanol a room
temperatiure, on condensation with ethyloxalate usng NaOMe as base in refluxing MeOH
furnished ketoester 21. Hydrolytic decarboxylation under acidic conditions gave ketoamide 22'°2

(Scheme 9).
Scheme 9:
h MeOOC
NHCH,Ph - cooE, NCH,Ph 10%HCI NCH,Ph
O o)
NaOMe, MeOH o) 4hrs, reflux S
EtOOC 1h 80%
20 21 22
CHO 1) HBr
E;[NH N _ X
2 NCH,Ph —{2) Birch _ NH
N/ Conditions N
4h, reflux S X Y
82%
23 1

Friedlander condensation with o-aminobenzadehyde in refluxing ethanol gave quinoline
amide 23.

'H NMR spectrum of 23 reveded a multiplet between d 7.35 and 8.4 integrating for 5
protons was assgned to the five quindline protons, dong with multiplet & d 7.5 ntegrating 5

protons of phenyl of benzyl group. Two anglets a d 4.4 and 5 integrating for 2 protons each
were assgned to the benzylic protons. Having obtained the trycyclic synthon we focused efforts

on debenzyldion. But we were unsuccessful in debenzylation with HBr or Birch reduction
conditions.
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We thought to effect the debenzylation a an early stage which would have the flexibility
to congruct the either AB or CD rings a will, and may circumvent the problems encountered in
deprotection under Birch reduction conditions. However the attempted deprotection of the dione

22 did not meet with success.
Scheme 10:
1) HBr
— X
/I/;<\NCH2Ph — 15 Birch /QNH
.. =
(@] Conditions O
O X 0
22 19

Falure met in adgpting the retroandyss [of the edtablished routes] led us consder
dterndtive novel retro anayss. It is obvious from above discusson of the various synthetic
gpproaches that there have been no efforts to develop a generad synthetic route amenable to the
synthesis of dl three pyrrologquinoline quinazolinonei.e. Luotonin A, B, and E.

We reasoned that the delay of C-ring congtruction to the late stage possble would have
the flexibility not only to access subgtituted [A, B & E ring] andogues, but dso for the naturdly
occurring ones, a strategy that had not been attempted o far.

Retro synthetic andlysis based on these lines reveded the AB -DE precursor 24 as a key
intermediate as shown in Schemell.

Scheme 11:

X O 2
N N N A
z — P — X 4
N \ N erk N7 X + N O
N N f
1

24 25 N

26
Thus we focused on synthess of precursor 24 while the C-C bond was thought to be
achieved ether by Heck cyclization or radicd cydlization.
Thus 3H-quinazdin-4-one 26 was obtained by condensing isatoic anhydride 27 upon

with formamide, according literature method.*>3
Scheme 12:
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L N__0

O" °NH  Formamaide  [|

_— N
O reflux

27 26

'H NMR spectrum of the compound 26 showed, apart from the 4 arometic protons, a
gnglet a d 7.56 (1H) and abroad singlet at d 12 (1H) assigned to H-2 and amide NH.

Quinadline synthon 25 was obtained from Meth-Cohn's iodo quinoline ddehyde 28
according to the reported procedure>* Thus NaBH, reduction of adehyde gave dcohol 29. The
presence of a snglet integreting for two protons a d 5.5 confirms the -CH, of the dcohol. IR
spectrum showed broad absorption at 3300 cmi* confirming the presence of - OH.

Trestment of acohol 29 with PBrs furnished dibromo compound 25. *HNMR spectrum
showed apart from quinoline protons asinglet at 4.5 as assigned to -CH»- Br.

Scheme 13:
NCHO  NaBH, N oH PB, NN,
N MeOH N N Br
28 29 25

Having obtained both the synthons 25 and 26 from readily avalable starting materids by
the route amenable to substituted ones, we proceeded to couple both of them. Thus N-akylation

of quinazolinone 26 with bromo compound 25 in presence of K;COs in acetone under refluxing
conditions furnished the intermediate 24.

Scheme 14;

H
+ |l
NZ Br N\é

@)
25 26 24

0O
Acetone, K,CO4 N
- ~ (\
reflux, 4h N Br N

'HNMR spectrum of 24 showed the absence of —NH- broad singlet a d12 and presence
of Snglet & d 5.42 (2H) assgned for the benzylic -CH,, and quinazolino quinoline pattern (10 H)

197



in aromatic region. IR spectrum showed the carbonyl absorption a 1677 cm?® due to amide
carbonyl thus confirming the N-akylation unequivocdly.

Having been successfully assembled the AB-DE part of the molecule we consdered the
ring closure. After weighing the cons and pros of both the options i.e. Heck and radica
cydizaion we thought to effect the find ring dosure with intramolecular Heck cydlization,
which has the wide functiond group tolerance.

There is a literature precedent™® in a reaed pyrrologuinoline akaoid, which
successfully employed Heck cyclization.

Scheme 15:

0
©f\/f\N 1. Pd (OAC)2
N B\ [ © TBAB, KOAc,DMF
0
30 OH

The attempted reaction on intermediate 24 under these Jeffry conditions faled to give
Luotonin A. Vaious modifications have been reported °° for the Heck olefination.
Unfortunatdy the cyclization could not be effected under any of these conditions (Scheme 16)

Scheme 16:

OH O

Pd(PPh,),

O
A N / > AN o)
_ ( Pd(OAc), P N
N\ AV2
N Br N X N \
N
24 1

Pd(PPh;),, ZnBr,

This falure led us to congder the radica cydlization for the same Strategies involving
radica reactions™’ have become powerful tools in organic synthess, in particular; free radica-
medisted cydization has developed as a prominent method for preparing diverse cydlic
compounds via carboncarbon bond-forming processes. Intramolecular radica  cydization
reections have drawn the attention of synthetic chemists in recent years because of the wide
range of synthetic utilities available through this methodol ogy.

It has been shown by Comins et al that pyrroloquinoline dkaoids can be synthesized by
redica cydlization.**®
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Scheme 17;

©\/j\/\ ) Bu ,SnH, AIBN
B Benzene, reﬂux
OH O
Thus trestment of 24 with tributyl tin hydride under high dilution conditions

amixture of fluorescence compounds, which couldn’t be purified.
Scheme 18:

0
/

N BuSSnH AIBN
N7 ik

r

N

Benzene, reflux
24

resulted in

Failure of this approach led us to shift to an dternative strategy for G ring annulaion i.e.
form the C-C bond under consderation in above attempts before hand and then try the ABC -
ring annulation. Recently Fortunak et al reported™® that the ABC skeleton of Camptothecin
could be assembled via intramolecular 4+2 cycloaddition of anthranilamide 31 or benzoxazine

32 as shown in the Scheme 19.
Scheme 19:

—

—

o A
N O —>

N

Ho
=

31

0

(@]
—_—
(MeO,)BF, @\)LD\
B ——————— = N O
"
J\[/j
32

Based on thee lines we reasoned that, such a draegy if effected on preformed
quinazolinone unit should provide Luotonin A as shown in retro synthetic anayss (Scheme 20.)

Scheme 20:
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Having identified the suitable drategy, we planned to synthesze the intermediate for the
same from 2-carbethoxy quinazolinone 37 by akylation followed by the amide formation.

Cfﬁb

Thus 2-carbethoxy quinazolinone 37 was prepared according to reported*®® method by
reacting the anthranilamide with diethyl oxdate in quantitative yield. .

Scheme 21:
Et00C.__N.__0 B =
H,N Etwjllggleate \,\lr ——\Br EtOOCm/N o}
N
48h, rt fg&%,sﬁcetone
37 36

'H NMR spectrum of 37 showed apart from typica quinazolinone protons, [two doublets
at d 8.36(1H), 7.94 (1H) and two tripletsat d 7.61 (1H), 7.88 (1H)], a quartet at d 4.58 (2H) and
triplet a d 1.48 (1H) assigned to COOC;Hs and a broad singlet e d 10.5 assigned for
quinazolinone NH. IR spectrum showed the absorptions a 1727cmi* and 1682 cmi?,

Trestment of 37 with propargyl bromide in presence of K,COs in refluxing acetone
provided the N-akylated quinazolinone 36 in 83% yidd. *H NMR spectrum of 36 showed the
absence of amide NH and the presence of a doublet at d 5.15 (2H) and triplet a& d 2.62 (1H)
assgned to propargyl protons apart from the 4aromatic quinazolinone and ester protons. °C
further confirms the N-akylaion by reveding two —C=0 peaks a d 160 and d 161. Mass
gpectrum showed m/z at 256.

The amide formation was thought to be redized by the usud coupling of amine and acid.
In this direction, treetment of 36 with ag KOH in ethanol resulted in the smooth hydrolyss of the
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eder (evident by the sdt formation in TLC), but the resulted acid upon neutraization underwent
gpontaneous decarboxylation a room temperaiureto give

N-propargylated quinazolinone. *H NMR spectrum of 38 showed the absence ethyl protons and
the appearance of extra proton in the aromatic region a d 8.3 and lack of acid (COOH) proton
confirmed the decarboxylation. The absence of carbonyl pesk in *3C further confirms the
decarboxylation. Attempts involving neutraization of the sdt formed a lower temperaiures dso
did not provide acid.

Scheme 22;

EtO0C

i\‘ Q\‘ KOH, 1:1 i\\ Q
N.__O N0 Ethanol :H20 |HOOC_ _N._O
Nﬁ - 7\}/ —X— le/ —Nliz 34
38

36

And later we became aware of such behaviour of 2-carboxy quinazolinones which
warranted us to consder an aternative way of making amides.

Recently R.SVarma et al ! reported the microwave-assisted preparation of amides of
non-enolizable esers in presence of t-BuOK. Since our subsirate met the requirements of this
protocol we subjected the same under the reported conditions with the hope of obtaining amide
directly.

Unfortunately the reaction of the propargyl quinazolinone with aniline under microwave
condition did not proceed to give the desred amide (Scheme 23).

Scheme 23:
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36 35
Recent report'®® showed that 2-carbethoxy quinazolinones are converted to
benzaoxazines by heating the neat mixture with anthranilic acid at elevated temperature (180°C).
Scheme 24:

COOH

0
H
EtOOC\rN @\/‘Lo y
|
N NH, N/)\fN O
N

o
VAN
37 39
It was argued that dince the benzaoxazines are better dienes for the proposed
cycloaddition and as compound 34 has the dienophile, should undergo the tandem sequence of
oxazine formation and cycoaddition. Thus premixed anthranilic acid and the propargyl
compound was heated at 190°C i.e. exactly smilar conditions But 36 did not undergo the
desired condensation reaction and resulted only in recovery of the garting materids.

Scheme 25:

\ COOH AN
EtOOC. _N__O @[ 0
| NH, /J\r N O
N ¢ N |
AN N
36 34

Falure to obtan the designed subdtrate for the proposed drategy under various

conditions led us to abandon the route.
In pursuit of an dterndive drategy, close look at the target skeleton reveded the

possibility of assembling the AB and DE rings through a GC bond and Gring closure through a
C-N bond formation as shown in our retro synthetic andyss (Scheme 26). This Srategy was
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deemed more attractive than the earlier, not only by virtue of it being more concise but aso
because it would involve establishing the entire framework needed for dl the Luotonins.
Scheme 26:

R
X
Cl¢ P pd
N AN_O §
= =
N ( — N N — \ N__O
N N HN
40 41
X H,N._O
— H t HN
=
N
0]
42 43

We envisoned Meth-Cohn's quinoline synthess for the condruction of the AB rings
with an ddehyde functiondity a 2-podtion for quinezoline formation while masking other
functiond group a the 3-podtion which would later be unmasked and utilized for the C-ring
annulation on to quinazolinone. Retro synthetic andyss on thee lines reveds 42 and
anthranilamide 43 as the suitable precursors. The wide avalability of various subdtituted
anthranilamides and the easy access to the subgtituted quinolines attests our assert of developing
a gynthetic route amenable to AB and E subdituted andogs of the title compounds.
Condensation of anthranilamide to adehyde to quinazolinone can be effected either by acid or
base catalysis'®3.

Having identified the suitable drategies for the condruction of quinazolinone the
problem a hand reduced to the mere coupling of the aldehyde 42 (X= dioxolonyl), which had
dready been prepared in connection with our work on Camptothecin (Sec 1.2.2) with
anthranilamide.

The attempted condensation of 42 with anthranilamide 43 in presence of acids (pTSA,
AcOH and CSA) gave highly intractable and insoluble mass presumably due to the presence of
acetd functiondity.

So we turned our attertion to the base mediated condensation. The equimolar mixture of
ddehyde 42 and anthranilamide 43 in ethanol was treated with 15% NaOH solution and refluxed
for 2 hr to afford the dihydroquinazolinone 41(X=CHO) in quantitative yield.
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'H NMR spectrum of 41 showed apat from quinoline protons, dihydroquinazolinone
protons-a triplet & d 6.25, a doublet at d 6.53, atriplet a d 6.96 and a doublet at d 7.75 apart
from the acetd protons at d3.83 (4H) and 5.87 (1H). Additionaly *C NMR spectrum confirmed
the assigned structure.

The point worthy of mention is the dependence of reaction outcome on the strength of the
base employed. Thus when 20% KOH was employed quinazolinone 44 was obtained, but
comparatively in low yidds and 25% NaOH resulted in the formation of the mixture of dihydro

quinazolinone and quinazolinone.

Scheme 27:
15% NaOH ©\/ﬁ
O/> Solution
o)
H

N Ethanol
reflux, 2hr
=
N
42 O KMnO,
+ S Acetone
H,N. _O reflux
H2N
20% KOH
Solutlon
43
Ethanol
reflux, 2hr

Refluxing the dihydroquinazolinone in acetone with KMnO,4 effected oxidation of 41 to
quinazolinone 44.

'H NMR spectrum of 44 showed the quinazolinone quinoline pattern comprising of 9 H
in aromatic region and a snglet a d 4.04 (4H) and d 7.69 (1H) combinely assigned to the acetd
functionality. The broad singlet appearing a d 11.13 was assigned to the aromatic amide NH. *3C
NMR spectrum showed carbonyl @ d 161.51 characteristic of quinazolinone carbonyl, gpart from
other carbons. Mass spectrum further confirmed the quinazolinone formation by giving the mv/z

at 345.
Having been successful in condruction of the intermediate 44 with AB and DE rings and

amply placed handle for the further C-ring annulation al that left was to identify and redize the
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gynthetic trandformations for the different Luotonins which vary in the subditution a the 5-
postioni.e. on C-ring.

Scheme 28:
o OH
0,
o 10% HCI THF NaBH, X H O
I P N
MeOH N \
30 min N
44 40

Towards this end the aceta moiety of 44 was removed under standard conditions i.€10%
HCI: THF to release the aldehyde 45.

'H NMR spectrum of 45 showed the absence of acetal protons a d 4.25 and d 7,69 and
the presence of snglet at d 8.04 was assigned to the aldehyde proton, dong with other aromatic
protons. NH proton was still seen at d 11.3. Mass spectrum showed the m/e peak at 341.

Longer reaction times and the increased srength of the acid gave mixture of compounds
suggesting the formation of some other compound.

Reduction of 45 with NaBH, in MeOH resulted in the formation of dcohol 40
(X=CH,OH) in quantitative yield.

'H NMR spectrum of 40 showed the absence of singlet & d 8.04 of adehyde and the
presence of doublet a d 5.11 (2H) and triplet at d 6.40 (1H) due to —CH,OH. Amide NH proton
was seen a d 11.49. IR spectrum showed the absorption a 3370cm confirming the presence of
-OH group. Mass spectrum showed molecular ion peak at 303.

The C-N bond formation can be redized by ether cyclodehydration in one step or
nucleophillic displacement of suitable derivaive of hydroxy group, which would involve two
deps. So we preferred to redize the same by dngle step cyclodehydration under Mitsunobu
conditions which actudly involve the activation of the -OH and there by convert it to a good
leaving group. Thus treatment of the acohol with triphenylphospine and DEAD in THF resulted
in the consumption of dating materid and in the formaion of the Luotonin A. But the
separation  of  compound  from  triphenylphospineoxide involved a laborious column
chromatography.

Scheme 29:
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Alternatively we redized the formation of Luotonin A by smply tregting the acohol 40
in 60% ethanolic H,SO4. Thisis akin to Williamson oxacycle synthesis.

It has been shown'®* tha C-ring of pyrrologuinoline system in Camptothecin can be
oxidized with H,SO,/ FeCl; recipe to 5-hydroxy Camptothecin 46.

Scheme 30:
OH
FeCl,, H,S0, AN o
> ~
EtOH, 100°C NNy

@]
O

OH O 46 OH O

Since our dehydration conditions included H,SO4 and EtOH i.e. matching partly with the
above conditions, we intended to check the out come of the dehydration in presence of the above
reagent FeCls. Thus adcohol 40 was treated with 60% ethanolic HSO, in the presence of ferric
chloride. Interestingly Luctonin B was obtained after work up albeit in low yidd (30%) and
there was unidentified mgjor sde product.

Scheme 31:
OH OH
A H o FeC|3, stO4 N O
N—/ . N
I~ ~
N \ EtOH, 100°C N \
N 2h, 30%
40 2
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Encouraged by these result, we became interested in testing whether Luotonin A can be
trandormed in to Luctonin B in much the smilar way as the CPT to hydroxy CPT and this
would congtitute a method for inter conversion of these three dkaoids.

Accordingly Luotonin A was mixed with EtOH / H,SO4/ FeCls refluxed for 4 hrs to
funish 3 (R= OEt) in 70 % vyidd. Ethoxy Luotonin was hydrolyzed to Luotonin B with 50%
HCl. Spectrd data of 2 thus obtained was in agreement with the reported vaues for the naturd

one.
Thus we achieved the semi synthess of Luotonin B from the Luotonin A and established

amethod for inter conversion of Luotonin A to B.

Scheme 32:
OH
ROH, H,SO, SO%HCI S\ O
1 — = _
FeCl, 1000C 30 min N \N
5h, 70%
R=C,H; 3 2

Bascaly Luotonin B and E can be regarded as the a- hydroxy amide and a- akoxy

amide respectively.
AN @ AN
O N/\ O N/\
ad ad

Luotonin B Luotonin E
Literature survey reveds that the most draghtforward way of preparation of
hydroxyamides includes the addition of adehydes to secondary amides, an equilibrium process

in which formation of the adduct is usudly disfavored except for two specia cases.
Fire¢# being the case with the activated ddehydes like formadehyde,

trichloroaceta dehyde and Oxoacetic acid or its esters (Scheme 33).
Scheme 33:
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Second specid case involves the intramolecular resction of oxoamides when it is possble
to form a5 or 6 membered rings.

Acids as well as bases as in any other nucleophylic addition of carbonyl catdyze this
nucleophilic addition of amides to cabonyl.'® (In the case of primary amides these
intermedi ates form bisamides by further condensation)

Since we have a subdrae with masked adehyde in the form of acetal that could be
deprotected under acidic conditions we reasoned that the trestment with strong acid should give
us Luotonin B with the involvement of smultaneous deprotection and the nucleophilic addition
of amide on to thus formed adehyde.

Satisfyingly our logic deemed correct when the trestment of the acetd 44 with 50% HCI
in THF resulted in the formation of Luotonin B.

Scheme 34:

"

0
N4 _50%HCI _
= N_ O
N R
N

44

a-Alkoxy amides or a-akyl amidol are formed when the dcohal is employed as solvent
in the presence of strong acid.?2

Thus aceta 44 upon treatment with 1:1 mixture of methanol and con HCl a reflux
temperature for 1h resulted in the formation of Luotonin E.
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Scheme 35;

O/>
X 0]
H _MeOH, H m
7 N )
N | Reflux 1h
N
44

Spectra data of Luotonin A, B and E was in agreement with the reported. Synthetic
sample of Luotonin A matched with the authentic sample obtained from Ganesan.*°°

Conclusions:

In concluson a short, highly practicd, and efficient synthess of Luotonin A, B and E,
which is amenable to the synthesis of subgtituted andlogues, has been developed. This synthesis
obviates the need for the codsly and ungtable aminobenzadehyde employed in previous
syntheses.

Repertoire of Meth-Cohn addehydes annulation has been daborated to the quinazoline
heterocycles.

An effident semi synthetic method (inter conversons) for Luctonin B from Luotonin A.
has been devised.
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2.1.6 Experimental:
1. M ethyl- (1-benzyl)-4,5-dioxo-3-pyrrolidione car boxylate [21]

MeOOC

]:(\NCHZPh
o

0]
21

To a solution of NaOMe [obtained from 0.331g (14mmol) of sodium in 15 ml methanol]
were added a solution of benzyl amine 20 (3g, 14 mmol) in methanol (5mL) and diethyloxaate
(2105g, 144 mmol) and refluxed for 1h. After 1h, the methanol was removed under reduced
pressure and the residue partitioned between ethylacetate and water. The organic phase was
removed and the agueous phase was neutrdized with dil HCl. The agueous phase was further
extracted with ethylacetate (2x25mL). The combined organic phase was  dried (N&SO,),
filtered, concentrated and purified by column chromatography over dlica gd usng 15% ethyl
acetate- pet ether to afford 21 as a White solid.

Molecular Formula :Ci3H13NO;4
Yield : 0.113 g, 65%
'H NMR (200MHz) :d: 7.46 (m, 5H), 5.2 (s, 1H), 4.68 (s, 2H), 3.87 (s, 2H), 3.82 (s, 3H).

2. N-Benzylpyrrolidine-2, 3-dione [22]

/I/j\<\NCH2Ph
0

O
22

To compound 21 (.001 g, 4.29 mmol) was added 15ml of 10% HCl solution and the
reaction mixture was refluxed for 5h. Then cooled to rt, extracted with CH,Cl, (3x25ML), dried
(NaSOy,), filtered, and concentrated under reduced pressure. The residue was purified by column
chromatography over slicage to give keto amide 22 as a brown solid.

Molecular Formula :Cji1H11NO>
Yield : 0.621 g, 80%
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M.P. : 241°C

IR (CHCl) : 1719, 1692, 1642 cmi;

'H NMR (200MHzs) :d: 7.4-7.2 (m, 5H), 4.66 (s, 2H), 4.55 (t, 2H), 2.66 (t, 2H).
3. N-Benzyl-3-aminomethyl-2-quinolinecar boxylic acid lactam [23]

X
NCH,Ph
=
N

23 ©
A solution of ketoamide 22 (0.542 g, 0.284 mmol) and 2amino benzddehyde (0.0311g,
0.284mmoal) in EtOH (15 mL) was refluxed for 4 h. The white solid that precipitated was filtered
and washed with cold ethanol, and recryddlization from ethanol gave quinoline amide 23 as a
white solid.

Molecular Formula : CigH14N24O

Yidd : 0.644 g, 82%

M.P. : 240-242°C;

IR (CHCl) : 1660, 1442 cm*

'H NMR (200MHz) :d: 7.51- 8.45 (m, 5H), 7.30 (s, 5H), 5.0 (s, 2H), 4.45 (s, 2H,).

M ass (m/2) : 274 (100), 245 (10), 218 (10), 183 (12), 169 (12), 141 (80), 115 (15),

91 (37), 73 (25), 65 (20)

4, 3H-Quinazolin-4-one [26]

H

250

26
A mixture of anthranilic acid and formamide (4.00 g, 320 mmol), was heated under
reflux for 30 min with girring after which reaction mixture was cooled to room temperature and
the solid wasfiltered and recrysatllized from ethanol to give 26 as white crysaline solid.
Molecular Formula : CgHgN20O

Yidd : 90%
M.P. - 156°C;

IH NMR (200MHz,) :d: 11.94 (br s, 1H), 8.33 (d, 1H), 8.15 (s, 1H), 7.84 (m, 2H), 7.55 (m,
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1H)

5. 2-Bromo-3-bromomethyl-quinoline [25]

L
N/ Br

25

To a solution of 2lodo 3 formyl quinoline (4.245g, 15 mmol) in methanol (20 mL) was
added NaBH; (1.14g, 32 mmol) a 0°C. The resulting solution was dirred for 1h a room
temperature. Then methanol was removed under the reduced pressure, the residue quenched with
dil HCl (2 mL), and the solution was stirred for 5 min. Water (15 mL) and DCM (50 mL) were
then added. The layers were separated, and the agueous layer was extracted with DCM (2 x 50
mL). The combined organic layers were washed with brine and then dried (N&SO,).
Evaporation of the solvent under reduced pressure and column chromatography over slica gd
yielded the acohol as fluffy white solid. This was taken in dry DCM and cooled OC and added
PBr3 drop wise for 15 minutes. The reaction mixture was brought to room temperature and
dtirred for 1h, quenched with MeOH and extracted with DCM (3x50 ml). The combined organic
layers were dried and concentrated to give dibromo compound 25 as solid.

Molecular Formula : CioH7Br2N

Yield : 3.69g, 80%

M.P. :134°C

'H NMR (200MHz) :d:8.25(s, 1H), 8.05 (d, 1H), 7.8-7.57 (m, 2H), 7.78 (m, 1H), 7.50 (m,
1H), 5.42 (s, 2H)

Mass, m/z (%) : 209(M™), 301(M*2), 303, 257,255,22,220,177,175, 88,57

6. 3-(2-Bromo-quinalin-3-ylmethyl)-3H-quinazaolin-4-one [ 24]
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SOWEG
N
N/ Br(\é
N
24

A solution of compound 26 (1.46 g, 10 mmol) and 25 (3.6g, 1.2 mmoal) in dry acetone
(30 mL) in presence of powdered KoCOs (2.76g, 20mmol) was refluxed. After 4h, K;CO3 was
filtered off, acetone was removed on rotaevaporator and residue was partitioned between water
and DCM and the organic layer was separated. The agueous phase was further extracted with
CH,Cl, (3x25mL), the combined organic phase was dried (N&SQ,), filtered, and concentrated
under reduced pressure and the residue thus obtained was purified by column chromatography to
gve 24 asawhite solid.
Molecular Formula : CigH12BrN,O
Yield : 2.562g, 70%
M.P. :186°C
'H NMR (200MHZz) :d:8.34 (s, 1H), 8.30 (d, 1H), 8.21 (s, 1H), 7.99 (d, 1H), 7.78 (m, 4H),

7.50 (m, 2H), 5.42 (s, 2H)

IR (CHCL) : 1677, 1611, 1469, 1358, 1323, 1215, 1165 cmi*
Mass (m/2) : 286 (M ", 100) 1 76 (20), 158 (23), 148 (30)

7. Ethyl-3, 4-dihydro-4-oxo quinazoline-2-car boxylate [37]

H
EtOOle/ N. O

N

37

A solution of anthranilamide (3.4g, 25 mmol) diethyl oxaae (7.3g 50mmol) and NaOEt
(0.60g) of in EtOH (120mL) was stirred at 25°C for 48 h under N,.The reaction mixture was
acidified with 15ml of glacda AcOH and the resulting solid was collected by filtration, washed
with ethanol and dried to give 37.

Molecular Formula : C11H10N2O3
Yidd : 549, 98%
M.P. : 199-200°C
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IR : 3180, 3075, 1730, 1680cm™
IH NMR (200MHz) :d: 8.25-7.4 (m, 4H), 4.61(q, J = 7.12, 2H), 1.45(t, J = 7.1 Hz, 3H).
M ass m/z(%) : 218 (", 60), 174, 146, 119, 90

8. 4-0Ox0-3-prop-2-ynyl-3, 4-dihydro-quinazoline-2-car boxylic acid ethyl ester [36]

36

To a solution of compound 37 (2.18 g, 10 mmol) in dry acetone (30 mL) in presence of
powdered K,CO3; was added propargylbromide (1.58g, 1.18mL, 13. 4 mmol). The mixture was
refluxed under nitrogen for 4 h. Then K,COsz was filtered off, acetone was removed on
rotaevaporator and residue was partitioned between water and DCM and the organic layer was
separated . The agueous phase was further extracted with CH,Cl, (3x50mL), the combined
organic phase was dried (N&SO,), filtered, and concentrated to give 36 as a white solid which
was pure enough for further use. Andyticdly pure sample was obtaned by column
chromatography over silicagd usng 30% ethylacetate: Pet ether as e uent.

Molecular Formula :Cji4H12N203

Yield :2.12g, 83%

IR (CHCL) : 1727, 1682, 1601,1457,1374 cm*;

'H NMR (200MHz) :d: 83 (d, J =7.7 Hz, 1H), 7.78 (d, J =3.3 Hz, 2H), 7.55(m, 1H), 5.14 (d, J
= 2.56Hz, 2H), 4.52 (g, J = 7.32, 2H), 2.29 (t, J = 2.56Hz, 1H,), 1.48 (t, J
=6.9Hz, 3H,);
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13C NMR (50MHz) : d: 161.39 (C), 160.50 (C), 146.3 (C), 145.65 (C), 135.03 (CH), 128.93
(CH), 127.38 (CH), 126.91 (CH), 121.94 (C), 77.87 (C), 73.39 (CH),
63.65 (CHy), 33.28 (CH,), 14.13 (CHs)

M ass (m/2) L d: 256 (M*, 91), 227 (100), 211 (28), 184 (88), 155 (74), 145 (50), 129
(97), 119 (65), 102 (80), 90 (60)

Anal. : Caled for Cz7H34N4Og: C, 65.62; H, 4.72; N, 10.93.
Found: C, 65.19; H, 4.46; N, 10.84

0. 3-Prop-2-ynyl-3H-quinazolin-4-one
—
\\‘
N._O
T

N

A solution of 36 (0.256 g, 0.1mmoal) in a 1:1 mixture of 10% KOH: MeOH (15mL) was
dirred at room temperature for 2 h. After the hydrolyss was completed, MeOH was removed
under reduced pressure and the residue was cooled to 0°C, neutrdized with NaHSO, and was
extracted with CH,Cl, (3x15mL), dried (N&SO,), filtered, and concentrated under reduced
pressure to give 38 asthick syrup.

Molecular Formula  : C11HsN20O, 118

IR(CHCl) : 1682, 1601,1457,1374 cm*

'H NMR (200MHz) : d: 837 (m, J = 7.7Hz, 2H), 7.8 (m, 2H), 7.59 (m, 1H), 5.98 (d, J =
2.56Hz, 2H), 2.56 (t, J = 2.56Hz, 1H);

M ass, m/z (%) : 118 (M™), 192 (60), 90 (100)

10.  2-(3-[1,3] Dioxalon-2-yl-quinalin-2-yl)-2,3-dihydro-1H-quinazoli-4-one [41]
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To a solution of anthranilamide (340g, 25mmol) and quinoline addehyde 42 (5.75¢,
25mmol) in 100ml of 95% ethanol was added 1.6 ml of 20% ag NaOH solution. The mixture
was heated under reflux for 1h and the precipitated solid was filtered and ar-dried to give
dihydroquinazolinone 41 as awhite solid. .

Molecular Formula : CyoH17N3O3

Yield : 89, 93%
M.P. 1 240°C
IR (Nujol) 1644, 1617, 1509, 1462, 1377cm*

IH NMR (200MHz) :d: 89 (bs, 1H), 8.34 (s, 1H), 8.21 (d, J = 8.3Hz, 1H,), 7.80 (d, J =7.52Hz,
1H,), 7.72 (t, J = 6.85Hz, 1H), 7.51 (d, 6.85Hz, 1H), 7.4(m, 1H), 7.30 (t, J
= 8.79Hz, 1H), 6.94 (d, J = 8.3Hz, 1H), 6.65 (t, J = 7.32Hz, 1H), 6.21 (s
1H), 4.82 (2H), 4.21 (m, 4H)

13C NMR (50MH2) : d: 171.84 (C), 155.96 (C), 149.24 (C), 146.67 (C), 134.42 (CH), 132.92
(CH), 130.57 (CH), 129.39 (CH), 129.17 (C), 128.54 (CH), 127.04 (CH),
126.63 (C), 115.20 (C), 114.50 (CH), 111.89 (CH), 100.57 (CH), 65.21 (2
CHy),

M ass (m/2) . 347(n"), 304 (40), 288 (70), 273 (51), 251 (39), 231 (60), 204 (20), 158
(36), 132 (55), 119 (40), 77 (70)

11.  2-(3-[1,3] Dioxolan-2-yl-quinalin-2-yl)-1H-quinazolin-4-one [44]

To a solution of 41 (3.479, 10mmol) in acetone (100mL) was added KMnO, (1.00g) and
the mixture was refluxed on a seam bath. Sowly the pink color of KMnO,4 disappeared. KMnO4
was added in portions of 0.050g esch time and refluxing was continued until the pink color
perssted. The hot acetone solution was filtered, excess of acetone was didtilled off and excess of
KMnO, in the filtrate was destroyed with sodiumsulphite. The resulting solution was extracted
with CHCl; (5x50mL) and solvent was removed from the dried extracts (NaSOs) to furnish the
pure quinazolinone 44 as white solid.
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Molecular Formula : CyoHi5N303, 345

Yidd : 3.10g, 90%
M.P. :212°C
IR (CHCl) cmt : 1678,1509,1460,1215cm*

IHNMR(200MHz)  : d: 11.12 (bs, 1H), 8.60 (s, 1H), 8.27 (d, J = 8.15Hz, 1H), 8.07 (d, J=
8.15Hz, 1H), 7.82 (d, J = 8 Hz, 1H), 7.6-7.74 (m, 3H), 7.53 (s, 1H), 7.54
(t, J = 8.46Hz, 1H), 7.42 (t, J = 8.46Hz, 1H), 4.06 (m, 4H)

13C NMR (50MHz) d: 161.51 (C), 149.2 (C), 148.69 (C), 146.07 (C), 145.85 (C), 136.36
(CH), 134.35 (CH), 131.57 (C), 130.90 (CH), 129.66 (CH), 128.55 (CH),
128.47 (C), 128.27 (C), 127.97 (CH), 127.63 (CH), 126.5 (CH), 122.35
(C), 99.86 (CH), 65.28 (2 CHy)

M ass (m/2) : 345(M", 5), 301 (20), 285 (10), 273 (100), 245 (30), 119 (50)

12.  2-(4-ox0-3, 4-dihydro-quinazolin-2-yl)-quinoline-3-car baldehyde [45]

X\ CHO
H

©\/NIWN (@]
N . E

A solution  of 44 (0.345 g, 0.1mmal) in a 1:1 mixture of 10% HCl: THF (15mL) was
dirred for 2h. After the reaction was completed (TLC), the reaction mixture was extracted with
CH.Cl, (3x20mL), dried (N&SO,), filtered, and concentrated. The residue was purified by
column chromeatography to give 45 as awhite solid.
Molecular Formula : CigH11N30,, 301

Yield : 0.2859, 95%
M.P. : 199-200°C

45
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IR (Nujol) cm? : 1682, 1464, 1377 cmi*;

'H NMR (200MHz) :d: 11.3 (br s, 1H), 8.82 (s, 1H), 8.54 (m, 2H), 8.24-8.17 (m, 2H), 88.1
(m, 2H), 8.04 (s, 1H), 7.94 (t, J = 6.89Hz, 1H), 7.77 (t, J =6.89Hz 1H),

Mass (m/z) : 301 (M*, 32), 284 (20), 273 (65), 245 (42), 128 (40), 119 (100), 101 (19),
91 (15).

12.  2-(3-Hydroxymethyl-quinalin-2-yl)-3H-quinazolin-4-one [40]

To a solution of crude ddehyde 45 (0.451g, 1.5 mmoal) in methanol (20 mL) was added
NaBH; (114g, 3.2 mmol) a 0°C and the resulting solution was dirred for 1 h a room
temperature. Methanol was removed under the reduced pressure and the resdue quenched with
dl HCl (2 mL), and the solution was stirred for 5 min. Water (15 mL) and DCM (25 mL) were
then added. The layers were separated, and the agueous layer was extracted with DCM (3x15
mL). The combined organic layers were washed with brine and then dried (N&SO,).
Evaporation and column chromatography yielded the product as awhite solid.

Molecular Formula : CigH13N30,, 303

Yidd : 98%

IR (CHCL) : 3373, 1681, 1518, 1461, 1377 cmi*

'H NMR (200MHz) : d: 149 (br s, 1H), 8.43 (d, J =7.81Hz, 1H), 8.31 (s, 1H), 8.20 (d, J =
8.31Hz, 1H), 7.93-7.78 (m, 4H), 7.72-7.57 (m, 2H), 6.4 (t, 1H,), 5.09 (d,
2H).

M ass (M/2) : 03 (M* 70), 285 (95), 274 (20), 257 (18), 246 (40), 229 (15), 155 (28),
143 (35), 128 (100), 119 (38), 101 (30), 92 (35)

13. Luotonin A
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A solution of adcohal 40 (0.303g, Immol) in 60% ethanolic HSO4 (20mL) was heated to
115°C for 3h.The cooled reaction mixture was added to sat. ag. NaHCOs solution carefully and
extracted with dichloromethane (4x25mL). The extracts were dried (N&SO,), concentrated and
the resdue was column chromatographed usng 90% ethyl acetate as duent to give Luotonin A

asawhite solid.

Molecular Formula : CigH11N30, 285

Yidd : 0.208g, 73%

IR : 2854, 1678, 1629, 1606, 1466¢cm '

IH NMR (200MHz) : d: 846 (dd, J = 1.5, 8.5Hz, 1H), 8.45 (s,1H), 8.42 (dt, J = 1.5, 8.0Hz,
1H), 8.11 (dd, J = 1.5, 8.0Hz, 1H), 7.93 (dd, J = 1.5, 8.0Hz, 1H) 7.86
(dt, J = 1.5, 8.0Hz, 1H), 7.864 (dt, J = 1.5, 8.0Hz, 1H), 7.67 (dt, J = 1.5,
8.0Hz, 1H) 5.4 (s, 2H)

3CNMR (50 MHz) : d: 160.66 (C), 152.58 (C), 151.17 (C), 149.37 (C), 149.29 (C), 134.60
(CH), 131.55 (CH), 130.69 (CH), 128.77 (CH+C), 128,53 (C), 127.95
(CH), 127.46 (CH), 126.45 (CH), 121.32(C), 47.31 (CH>)

M ass ,miz (%) :285 (M*, 100), 273 (80), 245 (30), 229 (20), 173 (30), 119 (35), 90 (20)

15. Luoctonin B
OH
O
_ N
D
N
2

Method A: To a solution of crude acetd 44 (0.301g, Immol) in THF (20 mL) was added
dowly [with out dlowing the temperature to raise beyond the rf] HCI (50%) at 0°C. The resulting
solution was sirred for 1 hr a room temperature and refluxed for 1h. Water (15 mL) and DCM
(25 mL) were then added. The layers were separated, and the agueous layer was extracted with
DCM (3x25 mL). The combined organic layers were washed with brine and then dried

219



(Na&SO,). Evaporation and column chromatography over dlica ge employing ethylecetate as
eluent yielded Luotonin B 2 as awhite solid.

Method B: To a mixture of Luotonin A (0.070g, 0.25mmol) and FeClk (0.100g) dissolved in
ethanol (5 mL) ethanol was added HSO,4 (0.7mL) dropwise and heated at 70°C for 5h. Ethanol
was removed under reduced pressure and contents were neutralized by adding NaHCOs solution
and extracted with DCM (3x15mL), dried (N&SO,4) and concentrated. The resdue was dissolved
in mixture of 1.1 mixture of ethanol: 50% HCI (5mL) and the reaction mixture was heated to
reflux for 30 min. Ethanol was removed under reduced pressure, neutrdized the contents by
careful addition of NaHCOs, and extracted with DCM (3x8mL ),

dried (N&SO,4) and concentrated the residue was purified by column chromatography over slica
gel using ethyl acetate as an duent to afford Luotonin B as ayelow solid.

Molecular Formula : CigH11N305, 301

Yield : 0.036g, 70%

IR : 2925, 2854, 1678, 1630cm*

IH NMR (200MHz) : d: 8.58 (s,1H), 849 (dd, J = 1.5, 8.0Hz, 1H), 8.44 (dd, J = 1.5, 8.0Hz,
1H), 8.11 (dd, J = 1.5, 8.0Hz, 1H), 8.01 (dd, J = 1.5, 8.0Hz 1H) 7.87 (dt,
J =15, 80Hz, 1H), 7.60 (dt, J = 1.5, 8.0Hz, 1H) 7.89 (dt, J = 1.5,
8.0Hz, 1H), 7.14 (s, 1H)

13C NMR (50 MHz) : d 161.6 (CH), 150.9(C), 150.4 (C), 150.3 (C), 149.6 (C), 135.1 (CH),

133.7 (CH), 131.3 (C), 130.9 (CH), 129.2 (CH), 128.9 (C), 126.5 (CH),
127.9 (CH), 121.9 (C), 80.9 (CH).
M ass (m/2) + 301 (75, M"), 284 (100), 273 (80), 245 (30), 229 (20), 173 (30), 119 (35),
90 (20)

16. Luotonin E [3]
OMe
OO
_ N
nts
N
3

To a solution of crude acetd 44 (0.301g, 1mmol) in methanol (20 mL) was added dowly
[with out dlowing the temperature to raise beyond the rt] con H,SO4 a 0°C. The resulting
solution was dtirred for 1 hr at room temperature and refluxed for 1hr. Water (15 mL) was added,

carefully neutrdized the contents by adding solid NaHCOs, and extracted with DCM (3 x 25
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mL). The combined organic layers were washed with brine and then dried (N&SO,).
Evaporation and column chromatography yielded the product 3 as awhite solid.

Molecular Formula : CigH13N303, 315

Yield : 0.220g, 72%

IR : 1680, 1635, 1605, 1405cm*

IH NMR (200MHz) : d: 852 (s,1H), 843 (dd, J = 1.5, 8.0Hz, 1H), 1H), 8.09 (dd, J = 1.5,
8.0Hz, 1H), 8.00 (dd, J = 1.5, 8.0Hz 1H) 7.88 (dt, J = 1.5, 8.0Hz, 1H),
7.72(dt, J = 1.5, 8.0Hz, 1H) 7.85 (dt, J = 1.5, 8.0Hz, 1H), 7.59 (dd, J =
1.5, 8.0Hz), 6.94 (s, 1H), 3.60 s (3H)

M ass (m/2) : 315 (M* 10), 273 (100), 245 (25), 229 (30), 173 (30), 119 (35), 90 (20)
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'H NMR spectrum of compound [38] (200MHz, CDCls)
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'H NMR spectrum of compound [40] (200 MHz, CDCls)
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CHAPTER 2

Section 11

Synthesis of Pyrroquinazolonone Alkaloids-

Vasicinone & Luotonin A
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2.2.1 Introduction

Vadcinone 1 is a pyrrolo (2,1-b) quinazoline dkaoid isolated from the leaves and

infloroscence of Adhatoda vasica'®”1¢®
indigenous medicine as a remedy for cold, bronchitis athmal®® etc. The relaed akaoids

namdy Vadcine 2, Vadcnoline 3 and deoxy Vascinone 4 have dso been isolated from the
170

an evergreen subherbascious bush used extensvey in

same plants.
0
LD D
N~ =
OH § OH
1
Vasicinone (1) Vasicine (2)
o 0
- By
OH
Vasicinolone (3) Deoxyvasicinone (4)

Vasicinone coexists the Luctonins in P.nigellastrum!’ which led to consider it as the
biogenetic precursor based on the smilarity in their skeleton too. Previoudy assgned 3-(R)
configuration of natural Vasicinone has been corrected to be he 3(S) configuration on the bass
of X-ray crysdlography of Vasicinone hydrochloride derivative of Vasicinone'’?® and by
Mosher ester andlysis.®

2.2.2 Pharmacology
Mogt of these quinazoline dkaoids are known to possess a broad spectrum of

pharmacologica activity particulaly bronchodilatory — activity. Very recently a seies of
andogues of Vadcinone have been syntheszed and evauated for their bronchodilatory
activity.>® (-) Vasicinone exhibits antitumor,** bronchodilating,® hypotensive”®  anthemintic®"®
antianaphylactic'’” activities and antihisaminic  effects®’® 3 4 Uterine simulant activity and
moderate of the akaloids has been reported. Thrombopoeitic activity of vasicine has adso been
observed.!”® Intraamniotic injection of vasicine hydrochloride was effective in indudng mid-

trimester abortions a dose of 60mg.*®° It is dso prescribed commonly for bleeding due to
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idiopathic thrombocytopenic purpura, loca bleeding due to peptic ulcer, piles, menorrhagia etc.
Its locdl use givesrelief in pyorrhoea.and in bleeding gums8?

2.2.3 Biogenesis

Speculation on the biogeness of this group of compounds began when Robinson
suggested'® that vasicine might be derived from anthranilic acid and proline or closdy related
metebolites This possibility was strengthened when Schopf and Oechler'®® synthesized deoxy
vasicine under “physiologica” conditions as shown in Scheme 1.

Scheme 1:
CHO H,N SV . @E\D
@NHZ ' OHC:> ©\/H\/‘:> N7
5 6 7 9

Thus the condensation of o-aminobenzaldehyde 5 with g-amino butyradehyde 6 at pH 5
yielded a quaternary sdt 7 that underwent double-bond migration under reducing conditions to
form deoxyvadcine 9.

Tracer studies'® with in vivo sysems have been reported. In feeding experiments
conducted on P. harmala with carboxyl *C anthranilic acid, labelled Vasicine was obtained.
Smilar expaiments with Adathoda vasica adso yidded labdled vascine whose chemica
degradation showed a specific incorporation snce dl the activity was locdized a C-8 of the
dkadoid.*® In addition, administration of **C labeled proline, putrescine and g-hydroxy glutamic
acid to A. vasica has led to the isolation of radioactive vascine in each case. Anthranilic acid is
incorporated into vascine in Adhatoda vasica. The rest of the molecule may be dtributable to
aspartic acid.

2.2.4 Synthesis of Vasicinone: A Literature survey
In the view of the medicind properties of this dkadoid many syntheses have been
achieved. Many of these syntheses involve deoxyVasicinone 4 as a precursor for the synthess of

Vadcinone.

Onaka’s approach'® (Scheme 2, 1971)
239



Condensation of O-methyl butyrolactim 11 with anthranilic acid 10 gave deoxy
Vadcinone 4 that was brominated with NBS to obtain bromo compound 12 aong with minor
amount of dibromo compound. Compound was acylated with NaOAc-AcOH to acetyl
Vadcinone, which was hydrolyzed to Vadcinone 1. Use of lactam ether limits the synthetic
utility of the gpproach.

Scheme 2: Onakaet al, Tetrahedron Lett, 1971, 12, 4387

OMe
COOH Cr
@[ Q Q 1.AcONa-AcOH 36%
— = > 1
57% 2.H*

82%

10 4
K ametani’s approach'®’ (Scheme 3, 1976)

Kametani et al employed thier methodology-cycdoaddition of iminosulfinamide
anhydride askey step. Imino ~ sulfinamide anhydride 13 prepared from anthranilic acid and
thionylchloride was treated with 2-pyrrolidone 14 in dry benzene to give deoxy Vascinone 4 in
quantitative yiedd which was converted to Vascinone 1 by Onakas method. The fact that the
reaction of the lactam proceeded in higher yidd than that of the lactim ethers indicates that this
new synthesis of quinazolinonesis an effective method.

Scheme 3: Kametani et al, J. Am. Chem. Soc, 1976, 98, 6186

0 0 O
COOH )
SOCI e} 14 HN N
—2> | —_— _— 1
~ ~
NH, NS0 N
H

4
Mori’s approach'® (Scheme 4, 1985)

This synthess features Pd catdyzed carbonylation as key doep. Pd  catdyzed
cabonylation of iodoaniline 15 with 2-pyrrolidinone 14 and CO (5am) gave the
pyrroloquinazoline 4 in 52% yidd which was converted to Vascinone by modification of
Onaka's method. Thus trestment of the bromo 12, obtained by bromination of 4 with NBS, with
dlver acetate furnishes acetate, which was hydrolyzed to Vasicinone 1.

Scheme 4: Mori et al, Heterocycles, 1985, 23, 2803
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Eguchi’s approach'®® (Schemes 5 & 6 1996)

Both opticd isomers of Vadcinone were syntheszed by two different methods. The
racemic synthess involved condensation of the synthon 17 (which was prepared by TBDMS
protection of 3-hydroxy g-lactam) with o-azido benzoyl chloride 16 usng NaH to obtan the
precursor 18 for the aza Wittig reaction. The addition of t-BugP initiated the tandem
Staudinger/intramolecular  azawittig reection to give the O-TBDMS Vadcinone 19. The
deprotection of slyl protecting group by TBAF in THF gave the dl-Vadcinonel. (S)-Vadcinone
was obtained by employing the (3S)-3-hydroxy g-lactam 17 as a chird synthon in the above
sequencein 97% ee.

Scheme 5: Eguchi et al, J. Org. Chem., 1996, 61, 7316-7319

@)
cocl )g 17
©: __ 4§ ‘orsous t-Bu,P N TBAF
— =1
NaH OTBDMS toluene, A N"

79% 100% OTBDMS
19

The second method involved oxygenation of deoxyVasicinone with (1S or (1R)-(10-
Camphorsulfonyl) oxaziridine respectively. Thus the aza-enolate anion of deoxy Vascinone was
treated with §-(+) reagent to afford R- (+) Vasicinone in 71% ee, while the reaction with (R)-(-)
reagent gave (S)- (-) Vascinonein 62% ee.

Scheme 6: Eguchi et al, J. Org. Chem., 1996, 61, 7316-7319

o)
N LDA-TMEDA, @fL Q ©\)\
N//‘\/> Davis 0X&Z|r|d|ne
4

()-1 (-1

I-Vasicinone d-Vasicinone

Kamal’s approach'® (Schemes7 & 8, 2001)
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Kamd et al employed azidoreductive cydization drategy in ther degant synthesis of
Vasicinone. The appropriate precursor 2azidobenzoyl lactam 20 was prepared by coupling of 2
azidobenzoic acid with lactam 14. The reductive cyclization with  TMSCHFNal provided
deoxyVadcinone 4 in quantitetive yieds. The reaction timings were of the order of few minutes
unlike with TPP or BusP.The same transformation was effected with presonicated baker's yeast
albeit inlow yidds
Scheme 7: Kamd et al., J. Org. Chem., 2001, 66, 997

0
TMSCI Nal, 100% N
— 1
—
NH, 0 N

Baker s yeast
20 21 4
©\)L KOAc/ ©\/‘L ©\)\
Q Crown ether )\/} Q
57% 100% OAC
(+) 22 (£)1

Racemic Vadcinone was prepared from deoxyVascinone by its bromination, acetylation
with KOACc in presence of crown ethers and the hydrolysis of the acetate. Acetyl Vasicinone thus
obtained was subjected to enzymatic hydrolyss with different lipases in different solvents
Lipase PS provided (R) -Vasicinone and (S)- acetate in 98% ee.

Alterndivdly racemic Vadcinone was reolved by transedterification using different
lipases employing vinyl acetate as acetyl source and thisjob was best done by Lipase PS.

The authors have redized resolution of Vasicinone and acetyl Vadcinone by biocatdysts

for thefirg time.

Scheme8: Kamd et al, J.Org.Chem., 2001, 66, 997
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Argade sApproach °! (Scheme 9, 2001)

Centrd to ther gpproach is the 100% regiosdective opening of opticdly pure cydlic
anhydride 24 with anthranilamide 23, which resulted in the formation of amide 25. Reduction of
corresponding ester 26 with LAH resulted in the dcohol 27 which underwent concomitant
quinazolinone formation. Mitsunobu cydizatiion of the intermediate 28 completes the synthess
of (-) Vadcinone.

Scheme9:  Argadeet al, J. Org. Chem., 2001, 66, 9038-9040.

Et,0,CeH,, T
(j\)L 14- dloxane O\)\ CH N, O\)\ COOMe
" Ton /u\/\COOH 98% /u\/
OAc

“0AC g ‘OAc
25 26
0 0
LAH | OH
1.5h NH OH PPh,,DEAD
2 NH

_— )Ol\/_/ E— - > (-1
92% N~ NT 90%

H OH OH

27 28
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2.2.5 Present Work
Vadcinone dtracted our atention not only due to its impressve biologicdly activity but

adso as a precursor of Luotonin A. (From the discusson of synthesis of Luotonin A (sec-1) it is
evident that except Ganesan's approach'® which involves annulaion of DE-rings on to
preformed ABC —unit, rest other three syntheses am a the annulation of AB-rings on to ether
Vasicinone 1*°2 or dione 29, *°* oxidized derivaive of the Vasicinone, which have been obtained
from deoxyVasicinone by adgpting multisep sequences. The classcad oxidation of Vascinone
faled to give the dione 29 and hence atempts were amed a dione 29 from the
deoxyVasicinone.

It is dso clear from the above discusson that there is no synthetic Strategy developed
which involves the ingalaion of the hydroxy group of Vasicinone via ketone functiondlity.

A prochird ketone functiond group placed on the pyrroloquinazolinone would act as a
handle for rac-Vascinone synthess by smple reduction, (-) or (+) Vadcinone by chird
reduction as wdl as to Luotonin A by Friedlander condensation with amino benzaldehyde as
shown in our retrosynthetic andysis Scheme 10) and thus developing a synthetic drategy for the
dione would be a convergent synthesis of these two akaloids.

Scheme 10: Retrosynthetic anadlyss

NO O AN O
N N
HOQ%:{) OJQ? — m%
N N N
29

Vasicinone (1) Luotonin A

2.2.6 Results and Discussion

We envisoned b-ketoester 30 as a key intermediate, which could be obtained by the
Dieckmann condensation of the diester 31, to furnish dione 29 upon decarboxylation as shown in
Scheme 11.

Scheme 11;
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N N N
29 30 31
Diester was planned to be obtained by the akylation of the 2-carbethoxy quinazolinone

with the bromopropionate despite of knowing the reluctance of 32 to undergo the same®® only
for the reason that alkylation of 32 was achieved with propargyl bromide. (See section 1)

Various bases Ko,COs / Acetone, Ko,COs / DMF, NaH / THF, NaOMe / Methanal, t-BuOK

| THF were tried unsuccessfully. Even Miched addition to ethyl acrylae faled to give the
desired compound.

Scheme 12;
EtOOC ﬂ
I |
N X > N
/\coo Et
32 31

We had to differ in our plan, in the sense form the N-C bond before hand and then form
the quinazolinone ring.

Thus we resorted to make the amide by using isatoic anhydride chemistry.*®® Among its
many versdile gpplications in organic synthess isatoic anhydride has been used a source of the
amino benzoyl moiety in the preparation of anthranilamide anadogues by being susceptible to
nucleophillic attack by amines, normaly at the acid carbonyl.

Thus the trestment of isatoic anhydride'®’ 33 with methyl b-adanate hydrochloride in
DMF in presence DMAP (cat)/ EtsN fumnished amine 35 in 96% yidd. *H NMR spectrum of 35
showed the presence of a quartet at d 3.68 (2H) atriplet at d 2.04 (2H) and singlet a d 3.7 (3H)
confirming the NHCH,CH>COOCH;5 grouping in the molecule gpart from the aromatic protons.

Scheme 13;
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MeOOC MeOOC

@] NH.CI \/\ 0 \/\ 0
) MeoOC” > 3 N ON
o 34 H Ethyl oxalyl J‘LH
=< chloride
N - . H,N " = EtOOC" N\
H TEA, DMF 1h, 98% H
4.5h,96%
33 35 36

Amine 35 was condensed with  ethyl oxalyl chloride to obtain the peptide 36 in dmost
quantitative yield.

'H NMR spectrum of 36 showed a quartet a d 4.25 and triplet at d 1.46 indicative of the
incorporation of COOCH,CH3 apart from the other protons. A broad snglet a d 12.77 was
assgned to the oxaylamide NH .*C NMR spectrum of 36 showed the presence of four
cabonyls a d 172.95 (C), 168.39 (C), 160.56 (C), & 154.76 (C)) confirming the peptide
formation. Mass spectrum showed the m/z pesk at 322.

Having obtained the desred peptide we turned our atention to form the quinazolinone
ring. Literature survey reveded that such dehydration of anthranilamide to quinazolinone could
be achieved with dehydrating agents!®® Thus the cyclodehydration of the peptide 36 was
efficiently achieved with PCls  in refluxing xylene (Scheme 14).

Scheme 14:
MeooC PCls, xyl MeOOC
R
A refiux, EtOOC\<
EtOOC N 80% }\l
36 31

'H NMR spectrum of 31 showed characteristic quinazolinone periproton a d 8.25 as a
doublet, others as multiplets a d 7.52 (2H) and 7.48 (1H). The amide NH proton was absent. 13C
gpectrum showed three carbonyls a d171.3(C), 161.48(C), 161.13(C)) and quinazolinone
quartenary carbon a d 134 formed at the expense of amide carbonyl. The mass spectrum showed
the molecular ion pesk at 304, thus indicating the loss of water i.e cyclodehydration.

Snce the firg two geps involve peptide couplings, the reaction for which solid-phase
synthesis was first developed®® and which proceeds in dmost quantitative yield for a variety of
amino acds we reasoned if we can effect the quinazolinone formation under these mild
conditions our route would be amenable to solid phase synthesis as the Dieckmann condensation
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of diesters has aready been reported on solid phase®® with added advantage of cyclo release
upon grafting the oxalyl ester part on to resin.

At this stage we became aware of the methodology developed Ganesan et al for the
quinazolinone formation, which was directly, adepted on solid phase synthess of the
quinazolinone akaoids 2

Thus treatment of peptide 36 with triphenyl phosphine / iodine / EtsN followed by
tretment with piperidine and heating thus formed amidine in acetonitrile furnished
quinazolinone diester 31 which attests to the feasibility of the same on solidphsee.

Scheme 15:

MeOOC
ow_y® ~ LPPhy/l, EtN MeOOC_ 0
J(H EtOOC\<N
EtOOC™ "N 2.Pipeidine ,\\I
H 3. CH4CN, reflux, 2.5h
36 72% 31

With the suitable diester 31 in hand, stage was reached to ascertain the proposed Strategy
i.e Dieckmann condensation for the congtruction of b-keto ester.
Quick et al. employed NaOMe as a base in Dieckmann condensation of diester of

pyridone 2%2
Scheme 16:
MeOOC MeOOC
MeOOC._N._.O NaOMe / MeOH o N. _O
| > |
Z>eN Z>en
COOMe COOMe
37 38

Surprisngly the trestment of the diester under above conditions did not result in the
formation of expected compound, but the intractable mass.

In yet another report*®® 'BuOK has been employed for the Dieckmann condensation of the
piperidone diester.

Scheme 17;
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COOMe

MeOOC
‘BuOK
MeOOC\CJ\ - o N
COOMe COOMe
39 40

The atempted condensation of 31 with ‘BuOK did not proceed to give the cyclized

compound.
After extensve experimentation with the combinations of various solvents and bases,

NaH/DMF was found be the suitable choice and it afforded b-keto ester 30 in 71% yidld.
Scheme 18:

NaOMe, MeOH
Y
MeOOC\/\l\I 0] KO'[-BI[J = MeOOC
EtOOC X I;
NaH, DMF rt, 10h

71%
31

'H NMR spectrum showed that the product 30 exists mainly as the enol form. **C NMR
gpectrum showed one methylene & d 32.73 and confirms the presence of the enol form. Mass
gpectrum showed the molecular ion peek at 272 confirming the assigned structure.

Initidl efforts of effecting decarboxylation of b-keto ester 30 under milder conditions
were frudrating. The atempted hydrolyss of the ester ether with mild acid or mild basc
conditions resulted only in the recovery of the ester. Even the Krapcho's®* conditions employed
various sdts NaCl; MgCh & LiCl in combinations with either DMF or DMSO did not effect the

decarboxylation (Schemel9).
Scheme 19:
Acidic hydrolysis
EtOOC o
I; Basic hydronS|s J:;N /
HO X o’ \
Krapcho S N
30 Condltlons 29
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At this stage we reconddered to change the egter functiondity’s nature from ethyl to
benzyl, which could be removed either with TMS or hydrogenation conditions. Thus darting
with benzyl b-adanate 41 and repeating the whole sequence under essentidly same conditions
furnished benzyl-b-ketoester 45, notably with better yields in Dieckmann condensation than its
methyl counter part (Scheme 20).

Scheme 20:
. BnOOC\/\
0 BnOOC
NH,.
0 Clilelelogghit N N Ethyl Oxaly! N\ 0
o:< 41 P chloride ON
— > H N )LH
TEA, DMF 2 K,CO5, DCM  EtOOC N
4.5h, 96% 1h, 98% H
33 42 43
BnOOC BNOOC
n

PCl, Xylene EtQ o NaH, DMF j:;

reflux, 2h O>\<r\\| ft, 10h HO %
44

Treatment of ester 45 with TMSCI / Nal  did not effect the debenzylation as anticipated.
Hydrogenation with 10% Pd/C under hydrogen amosphere (60 ps) resulted in the smooth
debenzylation (Scheme 21).

Scheme 21.

TMSCI/NaI .
Mixture of Compounds

BnOOC

Efb _— Q@

45 H,, (60 pS|)Pd/C

The *H NMR spectrum of the product did not show pesks corresponding to expected
dione, but the pattern of Vasicinone .We reasoned that product obtained was the result of the
tandem sequence of debenzylation of the ester, decarboxylation and reduction of the thus

obtained ketone to Vasicinone.

249



Though we achieved synthess of Vadcinone the objective behind initiaion of the work
i.e dione 29 formation was to be addressed yet.

After having tried dl the possble ways we were forced to attempt the decarboxylation
under harsh conditions. Gratifyingly refluxing the b-ketoester 30 with 6N HCl solution resulted
in the formation of dione 29 effectively.

Scheme 22;
EtOOC

O
I; _ 6NHCI /J:;N
7
HO reflux 5h N
29

'H NMR spectrum of 29 showed the presence of two triplets at d 4.41 and 3.05
integrating for two protons each and were assgned to the pyrrolidone methylenes. Other protons
were in accordance with the reported vaues. And the 3C NMR spectrum showed the presence of
carbonyl a d198 dong with that of amide carbonyl appearing & d 160 and the two methylene
cabonsa d 79.2 and 32.7. IR spectrum showed absorption at 1746 cmi* and 1658 cmi?. Further
evidence of the structure came from Mass spectroscopy, which showed m/z peak at 200.

NaBH; reduction of dione afforded Vascinone (1) in quantitative yidd. The spectrd
properties were in complete agreement with the reported. Friedlander condensation of dione 29
with the aminobenza dehyde afforded Luctonin A (Scheme 22).

Scheme 23;
CHO
LAl 2= ;Q Ch, e ORI
HO “MeOH
1h, 98%
Vasicinone Luotonin A
Conclusions:

In summary, a novd and efficent entry to pyrroloquinazolinone dkdoids  via dione,
which would be amenable to access the andogues, has been developed. The synthetic srategy
has intringc flexibility and the robustness for the solid phase synthesis of the title compounds.
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Prochird ketone reduction would lead to chird Vasicinone, with vast array of reagents
avalable. Asymmetric reduction of ketone with chird reducing agent is genera method for the
preparation of opticdly active secondary acohols. Known industrid methods involve reduction
by chird hydride resgents such as Corey's oxazaborolidine, Yamaguchi-Mosher reagent, LiAIH4
coordinated by BINAL-H or Chirdd, Mukalyamas reduction of ketones by NaBH,; in the
presence of chird Co (II) complexes, or Brown's chird boranes such as Alpine-Borane.
Recently, asymmetric hydrogenation of ketones has been developed using ruthenium catdyds
coordinated by chird diamines or chird amino acohols, which shows the posshbility of obtaning
the Vascinone from the benzyl ester in the tandem sequence by employing this sysem in place
of Pd/C in hydrogenation.
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2.2.7 Experimental:
1 3-(2-Amino-benzylamino)-propionic acid methyl ester [35]

NH,
E::I%rn\/f‘COOMe

o]
35

To a mixture of b-aanne methyl ester hydrochloride 34 (1.38 g, 10 mmol) and TEA

(299 g, 156 mmol) in DMF (70 mL) and caaytic amount of DMAP was added isatoic

anhydride 33 (1.82 g, 13.2 mmal) in 10 portions over 15 min a room temperature with sirring.

After being dirred for an additional 4h, the reaction mixture was concentrated under reduced

pressure. The residue was dissolved in CH,Cl, / agueous NaCOs, extracted with CH,Cl,

(3x50mL), dried (N&SOQ,), filtered, and concentrated under reduced pressure. The residue was

pure enough and taken as such for the next step.

Molecular Formula : Ci1H14N203, 222

Yield : 2.13 g, 96%

IR (CHCL) : 1747, 1645, 1611, 1582 cmi*

'H NMR (200MHZz) :d: 7.33(d, J = 7.82 Hz, 1H), 7.20 (t, J = 8.3Hz, 1H), 6.79 (br s, 1H) 6.69-
6.64 (m, 2H), 5.54 (br s, 1H), 3.70 (s, 3H), 3.65 (t, J = 5.86 Hz, 2H), 2.64
(t, J=5.86Hz, 2H);

13C NMR (50MHz) :d: 172.91 (C), 169.31 (C), 148.73 (C), 132.11 (CH), 127.37 (CH), 117.04
(CH), 116.27 (CH), 115.72 (C), 51.61(CHj3), 35 (CH,), 33.75 (CHy),

2. 3-[2-(Ethoxyalyl-aminao)-benzoylamino]-propionic acid methyl ester [36]
(0]

H

N\()‘OE
Ho
N<_~—COOCH,

0
36

A solution of compound 35 (2.22 g, 10 mmol) in dry CH,Cl, (30 mL) was added Ethyl
oxayl chloride (1.762 g, 13 mmol). The mixture was dirred for 5 min, followed by addition of
agueous NaCO3 (1 M, 20 mL, 20 mmol). After being gtirred for a total of 1 h, the mixture was
extracted with CHyCl, (3%x25mL). The combined organic extract was treated with NaHCOs and
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dried (N&SQ,), filtered, and concentrated to give 36 as a white solid which was pure enough for

further use.

Molecular formula :CjisH18N2Og, 322

Yield : 3.191 g, 98%

IR (CHCL) : 3364, 1724, 1642, 1588 cmi*

'H NMR (200MHZz) :d: 12.77 (br s, 1H), 855 (d, J = 8.8 Hz, 1H), 7.53 (m, 2H), 7.14 (m, 2H),
4.37 (g, J=7.32Hz 2H,), 3.72 (t, J = 5.46 Hz, 2H), 3.70 (s, 3H), 2.66 (t,
J=5.46 Hz, 2H), 1.44 (t, J = 7.32, 3H);

13C NMR (200MH2) : d: 172.95 (C), 168.39 (C), 160.56 (C), 154.76 (C), 138.07 (C), 132.66
(CH), 127.19 (CH), 124.19 (CH), 124.17 (CH), 121.09 (CH), 63.41 (CHy),
51.41 (CHg), 35.38 (CH,), 33.49 (CHy), 13.97 (CHg);

M ass (m/2) : 322 (M, 10), 291(15), 249(40), 217 (22), 146 (100), 120 (22), 90 (19)

3. 3-(2-Ethoxycar bonyl-ethyl)-4-ox0-3, 4-dihydro-quinazoline-2-car boxylicacid
methyl ester [31]
H,CO0C

EtOOC_ _N. o

|
N

31

Method A: To a pre cooled (0-5°C) solution of compound 36 (1.61 g, 5 mmol) in dry xylene (30
mL) was added PCl; (1.35g, 10mmol) dropwise through a dropping funnd over a period of 30
minutes The reaction mixture was dirred a rt for 1h and then refluxed for 2h. After the reaction
was completed (TLC) the solvent was didtilled off under reduced pressure and the resdue was
dissolved in dichloromethane and washed with agueous NaHCOs (2x50mL). The organic layer
was dried (NaSO,), filtered, and concentrated under reduced pressure to give 31 as a white
solid. The resdue was pure enough for further use.

Method B: To a solution of compound 36 (0.091g, 0.284 mmol) in CH,Cl, (15 mL) were added
PhsP (0.370 g, 1.41 mmol), I (0.352 g, 1.39 nmoal), and EtsN (0.50 mL, 2.87 mmal). The
reaction mixture was girred a room temperature for 2.5 h, quenched with agueous NaCOs3, and
extracted with CHCl, (3x15mL), dried (N&SQO,), filtered, and concentrated. Resdue  was

treated with CH,Cl, (4.0 mL) and piperidine (1.0 mL) in DCM (4mL) & room temperature for 15
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min, followed by solvent evgporation. The vacuum-dried crude residue was dissolved in MeCN
(10 mL) and refluxed for 2 h. The reaction mixture was purified by column chromatography to
afford 31.

Molecular formula :Ci5H16N2Os, 314

Yield : 1.23g, 80%; 72% (Method B)
M.P. 1182°C
IR (CHCl) : 1737, 1687, 1590, 1474 cmi™

IH NMR (200 MHz) : d: 823 (d, J = 7.8 Hz, 1H), 7.71 (m, 2H), 7.56-7.4 (m, 1H), 4.53(q, J =
7.32 Hz, 2H), 4.34 (t, J = 7.36 Hz, 2H), 3.63 (s, 3H), 2.88 (t, J =7.36 Hz,
2H), 1.42 (t, J = 7.32 Hz, 3H);

13C NMR (50MHz) : d: 171.3 (C), 161.48 (C), 161.13 (C), 146.83 (C), 146.24 (C), 134.70
(CH), 128.49 (CH), 128.12 (CH), 126.80 (CH), 121.83 (C), 63.46 (CH,),
51.88 (CHs), 41.74 (CHy), 32.73 (CH,), 13.99 (CHa);

M ass (m/2) : 314 (M*, 15), 258 (65), 227 (30), 199 (100), 170 (31), 130 (15), 90 (18)

4, 3,9-Dioxo-1, 2,3,9-tetrahydro-pyrrolo [2,1-b] quinazaline-2-car boxylicacid
ethyl ester [30]

To a solution of NaH (0.288g 50% suspenson in minerd oil, 6 mmol, pre washed with
pet ether, 2x5mL) in DMF (5 mL) was added diester 31 (1.59g, 5mmoal) in DMF (10 mL through
syringe, with out dlowing the temperature to rise beyond RT. The reaction mixture was sirred at
room temperature for 4h. It was quenched with saturated NH,Cl solution, and extracted with
CH.Cl, (3x20mL), dried (N&SQ,), filtered, and concentrated. The resdue was pure enough for
the next step.

Molecular formula : C14H12N2O4 272

Yidd 1 0.9529, 70%
M.P. : 199-200°C;
IR (CHCl) 11719, 1692, 1642 cmi™.
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IH NMR (200MHz) : d: 8.40 (d, J = 8.6 Hz, 1H), 7.89 (d, J = 8.3Hz, 1H), 7.82 (t, J=8.6Hz,
1H) 7.56 (t, J = 8.3Hz, 1H), 4.75 (s, 2H), 4.44 (g, J = 7.32, 2H), 1.45 (t,
J=7.32Hz, 3H)

13C NMR (50MHz)(CDCk+DMSO-dg): d: 161.32 (C), 157.38 (C), 152.56 (C), 150.90 (C),
47.18 (C), 132.62 (CH), 125.95 (CH), 125.40 (CH), 124.83 (C), 124.49
(CH), 106.53 (C), 58.80 (CH,), 44.82 (CH,), 12.63 (CHs)

M ass (m/2) . 272 (M*, 226, 199 (100), 170, 145, 130, 119, 102, 89, 75

5. 1,2-Dihydro-pyrrolo [2,1-b] quinazolinone-3, 9-dione [29]

A solution of 30 (0.272 g, 1 mmol) was added in 6N HCl (10mL) and the reaction
mixture was refluxed for 5 h, after the decarboxylation was completed it was cooled and
extracted with CH,Cl, (3x15mL), dried (Na&SO,), filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography to give 29 as a brown solid

Molecular formula : Ci1HgN2 200

Yied : 0.148g, 74%
M.P. 1 169°C
IR (CHCL) : 1740,1652, 1468, 1386, 1100 cm'*

IH NMR (200MH2) :d: 8.37 (d, J = 8.3 Hz, 1H), 7.98 (d, J=8.3Hz, 1H), 7.85 (t, J=7.8Hz, 1H),
7.63 (t, J=7.8Hz, 1H), 4.41 (t, J = 6.6 Hz, 2H), 3.05 (t, J = 6.6Hz, 2H)

13C NMR (50MHz) (DMSO-Dg): d: 197.0 (C), 160.1 (C), 148 (C), 134.5 (CH), 128.7 (C), 128.2
(CH), 125.6 (CH), 121.7 (CH), 79.2 (CH), 32.7 (CH)

M ass (m/2) : 200(M™),
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6. 3-Hydroxy-2, 3-dihydro-1H-pyrrolo [2,1-b] quinazolin-9-one [1]

@]
N
N
N
1
Method A:

A solution of compound 45 (0.334g, 1mmoal) in ethanol was added to the flask containing
the Pd/C (10%) in ethanol that was degassed and purged with the hydrogen gas. The reaction
mixture was left on par sheker over night & 60 ps. Then catdys weas filtered from the medium
and washed with EtOH (5%x10 mL). The solvent was removed under reduced pressure and the
resdue was purified by column chromatography to give 1 as white solid.

Method B:

To a solution of dione 29 (0.300g, 1.5 mmol) in methanol (20 mL) was added NaBH4
(0.114g, 3.2 mmol,) at 0°C and dirred for 1h at room temperature. After the reaction was
completed, methanol was removed under the reduced pressure and the residue quenched with
water (2 mL) and the solution was dirred for 5min. Water (15 mL) and DCM (25 mL) were
then added. The layers were separated, and the agueous layer was extracted with DCM (2x15
mL). The combined organic extracts were washed with brine and then dried (N&SO,).
Evaporation and silicagd column chromatography yielded the product 1 as awhite solid.

Molecular formula :C11H10N2O5, 202.

Yield :0.2969, 98%
M.P. : 203-204°C;
IR : 3132, 1688, 1644, 1463 cm*

'H NMR (200MHz) :d: 8.33(d, J = 8.1 Hz, 1H) 7.76-7.54 (m, 2H), 7.5-7.46 (m, 1H), 5.27 (t, J
= 6.1 Hz, 1H), 4.3-4.5 (m, 1H), 4.0-4.2 (m, 1H), 2.6-2.72 (m, 1H), 2.27-
2.38 (m, 1H);

13C NMR (50 MHz) : d: 160.6 (C), 160.2 (C), 148. 6(CH), 134.4 (CH), 126.8 (CH), 126.7 (C),
121.1 (CH), 72.01 (CH), 43.5(CH,), 29.4 (CH,)

M ass (m/2): : 202 (M™), 185,174, 146, 130, 119, 102, 90, 76, 63, 55.
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CHAPTER 2

SECTION II1

Synthesis of Pyridoquinazolinone Alkaloid - Rutaecar pine
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2.3.1 Introduction
Rutaecarpine 1, (7,8-dihydro indolo (2, 3: 3,4) pyrido (2,1-b) quinazdlin-5-one, is an

% and is known as one of the condituents involved in Chinese

dkaoid of Evodia rutaecarpa’
drugs Wou-chou -yu?®® and Shih-hu.?®’ It has dso been isolated from the genera Hortia,

Zanthoxalum, Euxylophora and Phellodendron, &l members of rutaceae.>°®

Rutaecarpine (1)

2.3.2 Structure and Chemical properties

The firs suggested structure was based on the erroneous identification of one of the
products of its fisson with akai.?®® The fisson fragment ultimaely proved to be tryptamine and
this finding led to the correct Sructure as 1, since the second fragment had dready been
recognized as anthranilic acid. Most authors currently use the following numbering system

9 8

10 gb 82 7
B || C
11 13 pN 6 o
13a
12 N | D°

14N
l4a

2.3.3 Biogenesis

The synthesis reported by Schopf and Steur?'® under the physiological condition by the
condensation of anthranilic acid with 3, which was prepared from tryptamine and formic acid,
suggests a biogeness of this dkdoid involving tryptamine, anthranilic acid and a one carbon
unit.

Scheme 1:

COOH |
©\T/@\I * HzN\© — \ N0
i
H H N
3

4 1
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The feeding experiments conducted by Yamazaki et al around 1966°'! reveded the
incorporation of labels into Ruteecarpine as wel as Evodiamine. The degradation of these
radioactive compounds showed he incorporation of one-carbon unit into the biosynthesis of the
indole akaoids. From the fruits of E. rutaecarpa fed with methionine **CHs or sodium formate-
14¢, radicactive Evodiamine and Rutaecarpine were isolated and systematic degradation studies
showed that Cl1-unit from methionine or formate was introduced to the 13b-postion of both the
dkaoids. On the feeding of sodium 4C formate, which would be reasonably accepted by the fact
that Cl-unit from formic acid or formaddehyde is directly incorporated to the serine by
hydroxymethylation of glycine and hence in to tryptophan, syntheszed biogeneticaly from
indole and serine. It should be noted that thereis no evidence for the involvement of b-carboline.
Scheme 2:

@mate
<coon-| COOH W
—_— —
NH NH, H NH,

2 HO
Methionine formate
NH,
COOH
— Y Cr
~N
N
T 9

(o]
oo
Iz
w I

Schikimic acid |

N, N0
HoN
1

2.3.4 Naturally occurring analogues of Rutaecarpine

More than 20 andogues of naturd Rutaecarpine andogues have been isolated from the
various sources. Some of the important ones are shown in Chart1l.
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MeO

|
| N N N O
T o l QH%
N OMe
H

OMe
Hortiacine 10 Isorutaecarpine 11 Euxylophorocine 12
| | N__O
N 0] N |
N AN
_N
| OMe
)
Evodiamine 13 Paranesin 14 Nauclefine 15
Chart 1
2.3.5 Medicinal chemistry

Rutaecarpine and its subgtituted derivaives are condituents of traditiond Chinese folk
medicines Wou-chou —yu? and Shih-hu® that have been used for the trestment of abdomina pain,
gastrointestind  disorders, headache, dysentery, and amenorrhoea. The Chinese crude drug the
bark of Phellodendron amurense Rupr has been used as a stomachic for intestind function
control and antibacterid, anti-inflammatory  agent*'* Rutaecarpine is known to possess
cardiatonic*®® and analgesic properties®'* Rutaecarpine, its 11-methoxy and 10,11-methylene
dioxy andogues are shown to have better antitumor activity especidly sdective cytotoxicity
against ovarian cancer cells®®® Rutaecarpine and its derivatives containing  pharmacologicaly
important quinazolinone skeletor?'® demand interest as hypertensive, diuretic and uterotonic,
postive inotropic and platelet aggregation inhibitory agents. The hypotendve, antiarrhythmic,
anti-anoxic and vasorelaxant effects have been investigated more intensvely and synthetic and
pharmacologica development in this fidd is expected to lead to thergpeutic gpplications. Kong
et al reported the uterotonic activity of Rutaecarpine?!’ Recently it has been shown tha the

derivatives of Rutaecarpine exhibit cycloxygenase (COX-2) inhibitory activity.8
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2.3.6 Synthesis of Rutaecarpine: A Literature Survey

Because of its interesting structure with pharmacologicdly important units indole and
quinazolinone, it has dtracted a large amount of synthetic interest, which has culminated in
severd totd syntheses after its first synthess being achieved a decade later to its isolation by
Asshina, Manske and Robinson.?!® The synthetic efforts have been reviewed.??° Few andogues
have ds0 been prepared and tested for ther inhibition of tumor growth with contradictory

results??

Strategies
\ 0 )

Theses syntheses will be discussed under 3 categories based on respective unique retro

gynthetic analyses shown below.

|. Retrosynthetic approach A.

Among these routes, approach A provides obvioudy the most graight forward synthess
of Rutaecarpine by annulation of ABC- or AB — rings via iminoketene cycloadditions and isastoic
anhydride condensation methods as demonstrated by Kametani et al and by aza Wittig reaction
by Egouchi et al.

K ametani’s Approach??? (Scheme 3, 1976)

Kametani et al achieved a nove regiospecific synthess of the quinazolinone sysem by
cycloaddition of imine with iminoketene derived from anthranilic acd and thionyl chloride, the
retro mass spectrometric gpproach. Thus 3,4-dihydro B-carboline 16 was condensed with
ulphinamide anhydride 17 to form 18, which during workup with 10% NaOH gave the
Ruteecarpine, after spontaneous dehydrogenation in 80% yield. However isaoic anhydride 19
was found to be not suitable precursor for the condensation with imine such as 16.
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Scheme 3; Kametani et al, J. Am. Chem. Soc., 1976, 98, 6186.

AN
N N
16 4 B | D>
0 N H 10% NaOH N N
o H solution H
I 80% 1
/SQO

K ametani’s Approach??® (Scheme 4, 1978]

Having identified that the isatoic anhydride 19 does not react with imine, they employed
the lactam 21 and the condensation resulted Rutaecarpine in 43% yield.
Scheme 4: Kametani et al, Chem. Pharm. Bull., 1978, 28, 1972.

0
NH
N\ + )o\ _180°C, 2h _
N o S 43%
N
H N O

21

IZ/

Eguchi’s approach??* (Scheme 5, 1992)

Eguchi et al have extended their aza Witig reaction to the synthesis of quinazolinone part
of 1. Thus the carboline 21 was o-azidobenzylated with acid chloride 22 to afford the imide 23 as
apae ydlow solid, which was treated with tributyl phosphine to give Rutaecarpine.

Scheme 5: Eguchi et al, Heterocycles., 1992, 33, 153.

Cl
N

NH Nj Bu3 @f@
( :[ EtSN ( :[ ; iz ) 0 j >
49% 71%

Thus this degant methodology paved a smple entry to Rutaecarpine 1 under mild
conditions and is aitractive from synthetic point of view as it involves lactams in place of lactam

ethers.
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Il. Retrosynthetic approach B

In this approach C-ring formation, as the last step of the synthess, executed on preformed AB-
DE intermediate.

K ametani’s approach®®® (Scheme 6, 1977)

AB-DE intermediate 25 was prepared by condensation of N-formyl tryptamine 24 with
the sulphinamide anhydride 18. The find cydizatiion was redized with con HCl in acetic acid to
afford Rutaecarpine.

Scheme 6: Kametani et al, J. Am. Chem. Soc., 1977, 99, 2306.

NH
> o
N
CH,:CHCI,
11,16h,63% _ 16h.63% & b HCI/ACOH b

16hrs,45%

>/:\< N
N
IZ\ o T
PO ¥
(@)

18

Some of the problems involved in Kametani’s imino-ketene cycloadditions are the low
yidds, long reection times coupled with the necessary column chromatography of multi
component reaction mixture makes this more of an academic interest approach.

Bergman’s approach??® (Scheme 7, 1985)

Bergman et al improved on Kametani’s approach by introducing a group to a&sist the G
ring annulation. Thus protonation of 4(3H)-quinazolinone moiety 28, obtaned by the
condensation of trypatmine with triflouroisatioic anhydride 27, followed by dectrophilic attack
on the indole ring leeds to 29, a compound with angular CF; group in the 13b postion.
Compound 29 was converted to Rutaecarpine by base trestment. This synthess is amenable to
prepare other quinazolino carboline akaloids rlaed to Rutaecarpine such as Horticine and
Euxylophorocine and superior to Kametani’s approach in both yidd and reaction timings which
are due to the presence of CF3 —group a the 2-pogtion of the quinazoline ring which not only
fecilitates the ring closure of the intermediate but dso acts as a good leaving group in the find
step.
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Scheme 7: Bergman et al, Heterocycles, 1981, 16, 347; J. Org. Chem., 1985, 50, 1246

o ]
(CF;CO (0] Tryptamine N
/g 3 2) )\ _yptami \ CE 3)\\N
0 Pyr|d|ne N CF, 98% N
H
28

27
0
n—<
HCI/ACOH KOH N
—_— \
o NFC N 100% NN
29

K aneko ‘s Approach??’ (Scheme 8, 1985)

Kaneko et al used chloro as leaving group in find cydization. Resction of tryptyl
bromide 30 with 2chloro -4-quinazolinone 31 in acetone in the presence of K,COj3 afforded 32,
which was subjected to acid catdyzed cyclization reaction under CHCl/HCl condition to give
Rutaecarpine 1. This approach uses chloro as a leaving group, which retains the advantages of
Bergman'’s gpproach to some extent.

Scheme 8: Kaneko et al, Heterocycles, 1985, 23,1385.

B H O
r N K,CO, N
o e
N N 68% N N
H H
32

30 31
O
N
NCl N 44%
H
33

Mori’s Approach®®® (Scheme 9, 1985)
Centrd to his gpproach is Bischler- Napierdski reaction to form the carboline part of the

molecule. N-carbethoxy o-iodoaniline 34 and tryptamine were dlowed to react with CO (5 am)

l—\IZ/
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a 120°C in presence of Pd cadys to furnish 35. Bischder Napierdski reaction of 35 gave
Rutaecarpine.
Scheme 9: Mori et al, Heterocycles, 1985, 23, 2803.

NH,

\ \ °
H co ,< POCI N_{
_—
+ Pd(OAc),,PPh;, 0 N N
NHCOOMe K ,Co, 40/" H
7%
|

34
I11. Retrosynthetic approach C

The ealier syntheses involved tryptamine or tryptamine derivatives as darting materias
and then connect the other rings. This gpproach connects the BC rings in crucia Fischer
indolization step. The fact that phenyl hydrazines rather than tryptamines are required as sarting
materids makes this route dtractive for the synthess of Rutaecarpine derivatives substituted in
the A-ring.

K okosi’s Approach %2° (Scheme 10, 1981)

Deoxy vadcinone 36 was treated with Vilsmaer-Haack formylation agent i.e. dimethyl
formamide and POCk to give the adduct 37 which was converted to phenyl hydrazone 38 by
refluxing with excess phenyl hydrazine. Hydarzone 38 was converted to spiro intermediate 39 by
hesting with Dowtherm-A at 160°C-190°C  which rearranges to Rutaecarpine 1.

Scheme 10: Kokos et al, Tetrahedron Lett., 1981, 22, 4861.

Ne_0O Me,N._~ PANHN
N _O
| DMFPOC, % PhNHNH, |
N

94% A g7 N

36

38
— O
N 4
Dowtherm-A e}
_— N _— N \
160°C-190°C . N N
AN
N= N
L 39 |

49%
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K okosi’s |1 -approach?® (Scheme 11, 1988)

Hydrazone was prepared from tetrahydropyrido quinazolinone (obtained from the
reduction of pyridoquinazoline) by brominatiion followed by reaction with phenyl hydrazine or
by diazotisation with benzene diazonium chloride. Fisher indole cydlization of 43 with PPA a
180°C afforded Rutaecarpine in quantitative yield.

Scheme11: Kokos et al, Tetrahedron Lett., 1988, 22, 4861.

Br

AcOH N

41 42
PhN,*Cl PhNHNH,
90%
1800C
_PPA_ N
PANs\ O — PhNHNT Y ©
Tosw N
1 44 43

The generdization of this synthess provided facile access for the preparation of Rutaecarpine
andogues, for example subdtituted derivatives on A & E ring?%® thar 1,234
tetrahydroderivatives =% its-ring homologues?*® its C-ring opened homologues?%®  E-ring

debenzoderivatives and thus makes SAR studies of these alkaloids easy and possible.

2.3.7 Present Work

The indole nucdeus is an important dement in many pharmacologicdly active
compounds. ! Of the many methods developed for indole synthesis, the oldest and most widely
used is the Fischer indole synthesis?®? in which an N-aryl hydrazone undergoes acid-catalyzed or
theemd dgmatropic rearangement to generate, dfter dimination of ammonia, the indole
skeleton. Although a number of methods exist for the preparation of N-aryl hydrazones®® the
most common is the condensation of an ddehyde or ketone with an N-aryl hydrazine. The N-aryl
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hydrazine, in turn, is typicdly prepared via reduction of the corresponding ayl diazonium
gpecies obtained from the anilines.

Among the various gpproaches reported, Kokos’s approach, involves the congtruction of
AB rings via Fischer-indole synthesis of phenyl hydrazones, and proved to be generdized and
amenable to access the various anadogues of the Rutaecarpine. Obtaining the phenyl hydrazones
from tetrahydropyrido quinazolinones is the limiting factor of this othewise an excdlent
gynthess to obtan the derivatives of Rutaecarpine. They have been made via prior
functiondization of the 6,7,8,9-tetrahydro- 11H- pyrido [2,1-b] quinazolinone.

We found, however, that a more convenient means to access the desred N-avyl
hydrazones was via the intermediacy of the ketone carbonyl, hitherto not reported for the
gynthess of Rutaecarpine, with phenyl hydrazine in a draightforward way as shown in our
retrosynthetic andyss (Scheme 12). So the problem of devisng the synthetic route to
Rutaecarpine reduced to the preparation of the 8,9-dihydro-7H-pyrido [2,1-b] quinazoline-6, 11-
dione 45.

Scheme 12: Retrosynthetic analysis

COOR

EtOOC
PhNH. R O0C

4§f€> o 6

We envisoned a Dieckmann condensationdecarboxylaion sequence of quinazolinone
diester to place ketone, which has been adapted for the pyrroloquinazolinone akaloids (Sec2).

2.3.8 Results and discussion

The chemidry that has been developed for the synthess of Vascinone has been directly
adapted for the synthesis of the dione 45.

Thus the trestment of isatoic anhydride 48 with methyl g-amino butyrate hydrochloride
49 in DMF in presence of EtsN/DMAP furnished amine 50 in 96% yield.( Scheme 13)
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'H NMR spectrum of 50 showed apart from aromatic protons a quintet at d 1.66 (2H), a
triplet a d 237 (2H) and a quartet at d 3.65 (2H), a singlet at d 3.61 (3H) suggesting the

incorporation of butyrate part as anthranilamide.
Condensation of amine 50 with ethyl oxdyl chloride in dry DCM in presence of K2COs3
resulted in the formation of peptide 52.

Scheme 13:
o MeOOC SE:/,O MeOOC
}—o MeOOC ™\ NH,Cl \/§ Og; Cl EtOOC\/O§
HN 0 49 7 HN YHN
4.5 h,96% HN o 1h, 98% HN ©
48 50 52

'H NMR spectrum of 52 showed the presence of a quartet at d 4.42 and atriplet a d 1.42
and a broad singlet a d 12.82 (1H) suggesting the formation of oxalyl amide of the amine 50. 13
C NMR spectrum showed pesks at d 174.02 (C), 168.47 (C), 160.53 (C), 154.94 (C) confirming
the presence of four carbonyl carbons and hence the assgned structure.

Quinazolinone condruction via cyclodehydration of the peptide was achieved with PCl
in refluxing xylene (Scheme 14). *H NMR spectrum of 47 showed the absence of —CONH-
proton and the appearance of quinazolinone characteristic peri proton a d 8.29 dong with other
aromatic protons and aiphatic protons. 3C NMR spectrum confirmed the formation of 47 by
showing three carbonyls at d173.69, 161.41 and 160.36 respectively and the newly formed
quinazolinone quaternary carbon appeared at d 147 (at the expense of amide carbonyl). Mass
gpectrum showed m/z at 318 confirming the loss of water from the peptide.

The quinazolinone formation was atempted under the conditions (PPhe/lo/ EtsN)
amenable to s0lid phase synthess of the same with the idea of rendering flexibility to the
gynthess for obtaining the analogues in combinatoria fashion since the other sepsinvolved are
well-established on solid phase.

Thus treatment of peptide 52 with PPhs/lo/ EtsN followed by the refluxing of amidine
formed with piperidine in aceonitrile furnished quinazolinone diester 47 in 70% yidd after
column purification which attests to the feasibility of the same on solid phase.
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Scheme 14
MeOOC MeOOC

\/§ PCl,, xylene
Etooc._.©O reflux, 4h EtOOC

SPHN
0,
HN 0 80% >/_ N
(or)
1. TPP/ I,/ TEA
2. Piperidine
52

3.CH,CN, reflux, 2.5 h
76%

With the suitable diester 47 in hand, we proceeded to ascertain the proposed Strategy i.e
Dieckmann condensation for the condruction of b-keto ester (scheme 15). Treatment of the
diester 47 with NaH/DMF afforded b-keto ester 46 in 80% yied, notably in better yidd that in
the case of itslower andogue.

'H NMR spectrum showed that this compound 46 exigs exdusively in the endl form as
mixture of the ethyl and methyl esters, formed by the trans eterification and the appearance of
triplet & d 2.27 (2H) and triplet at d 4.31(2H) confirms the gructure of 46. The quinazolinone
pattern was seen by the presence of a doublet a d 8.32 (1H), doublet at d 7.9 (1H), triplet a d
7.88 (1H), and a triplet a d 7.58 (1H). **C NMR spectrum confirmed the enolic structure by the
absence of ketone carbonyl and by appearance of a new pesk corresponding to the olefinic
carbon a d 104.19. Mass spectrum showed the molecular ion pesk at 272 for 46 (R = Me) and

286 (R = EY).
Scheme 15:
MeOOC‘L\ ROOC
EtOOC _N_ _O  NaH/DMF _BNHCI N__ O
T Ton g0 " i
N 10h, 80% 5h 80% N
R=Et + Me
47

b-keto ester 46 was decarboxylated to afford done 45 under refluxing conditions with 6N
HCl solution. 'H NMR spectrum of 45 showed that it exists as keto-enol tautomers (the
gppearance of triplet at d 5.77 was assgned to enolic olefin proton and the absence of ester peaks
confirmed the decarboxylation). *C NMR spectrum confirmed the presence of ketone a d
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189.89. Mass spectrum of 45 confirmed the structure by presence of the molecular ion pesk at
218. It was further confirmed by sodium borohydride reduction to acohol i.e homovasicinone
54.

Scheme 16:
NaBH,
N_ O MeOH N._ OPhNHNH, N0
HO™ ™ -— o7 ———" PhANHNT Y,
N 1h N 2h N
98%
45 44

The dione 45 was treated with phenylhydrazine under acidic conditions to form
hydrazone 44 in quantitetive yidd (Scheme 16).

Hydrazone 44 was subjected to reported® conditions of Fischer indole synthesis i.e
performing the reaction in the presence of PPA a 180°C to obtain Rutaecarpine 1 in 95% yidld.
The spectra dataof 1 synthesized wereidentical with those reported for the natura product.

Having made the Luotonin and Rutaecarpine a hybrid of the two akaoids was planned.
Thus Friedlander condensation of dione 45 with o-aminobenzaldehyde Schiff’'s base 54 resulted
an dtogether new non-naturd dkaoid i.e quinolopyrido quinazolinone 55 (Schemel?).

Scheme 17:

TSA =
N O 54 ) p - _ N O
N

N Toluene, reflux
4h

45 55

'H NMR spectrum of 55 exhibited the quinolo quinazolinone pattern apart from the two
triplets d 4.52 and 3.31 integrating for 2H each were assgned to the two methylenes of the

pyridone part.
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Conclusions

This robust chemigtry coupled with the potentid flexibility of the synthess for the
solidphase, should make this an dtractive route for the development of analogues on solid phase
aswell asin solution phase too in a combinatorid fashion.

We have prepared homovadicinone a new dkadoid homologue of Vasicinone, which
could be tested to study the pharmacologica properties of the same in comparison with
Vadcinone, anaturadly occurring akaoid.

We developed a nontnatural dkaoid, molecular hybrid comprisng the structura festures

of Luotonin A and Rutaecarpine. Thus we devised a noved entry to pyrido quinazolinone
dkaoids.
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2.3.9 Experimental
1 4-(2-Amino-benzoylamino)-butyric acid methyl ester [50]
NH
kS
O
50
To a mixture of g-amino butyric acid ethyl ester hydrochloride (1.68 g, 10 mmol) and
TEA (299 g, 15.6 mmol) in DMF (70 mL) and catdytic amount of DMAP was added isatoic
anhydride (1.82 g, 132 mmol) in 10 portions over 15 min a room temperature with dirring.
After being dirred for an additionad 4h, the reaction mixture was concentrated under reduced
pressure. The resdue was dissolved in CH,Cl, / agueous NaCOs, extracted with CH,Cl,
(3x30mL), dried (N&SOQ,), filtered, and concentrated under reduced pressure to give amide 50
which was pure enough and was taken as such for the next step.
Molecular Formula :Ci2H16N203, 236
Yield :2.17 g, 93%
IR (CHC) : 3425, 3320, 1727, 1645, 1611, 1582 cmi'*;
'H NMR (200MHz) : d: 7.33(d, J = 7.82Hz, 2H), 7.7 (t, J = 8.3Hz, 1H), 6.69 (br s, 1H), 6.63-
6.62 (m, 2H), 5.39 (br s, 1H), 3.61 (s, 3H), 3.65 (q, J = 5.86Hz, 2H), 2.37
(t, 5.86Hz, 2H,), 1.66 (m, 2H)
13C NMR (50MHz) : d: 174.09 (C), 169.5 (C), 148.59 (C), 132.01 (CH), 127.34 (CH), 117.16

(CH), 116.42 (CH), 116.32 (C), 51.47(CH), 39.34 (CH,), 33.86(CHy),
29.2.7(CHy).

COOCH,

2. 4-[2-(Ethoxyoxalyl-amino)-benzylaminol-butyricacid methylester [52]
H COOEt

NO_~_coocH,
0
52

To a solution of compound 50 (2.360 g, 10 mmoal) in dry CH,Cl, (30 mL) was added
ethyl oxayl chloride (1.76 g, 13 mmol). The mixture was dirred for 5 min, followed by addition
of aqueous NaCOs3 (1 M, 20 mL, 20 mmol). After being irred for a totd of 1 h, the mixture
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was extracted with CH,Cl, (3x20mL), treated with NaHCOs; and dried (N&SQ,), filtered, and
concentrated to give 52 as awhite solid which was pure enough for further use.
Molecular Formula : CigH2oN20g, FW = 336.

Yidd :3.22 9, 96%
M.P. - 178-180°C
IR (CHC) - 3417, 3340, 1726, 1692, 1588 cm*:

'H NMR (200MHZz) :d: 12.82 (br s, 1H), 8.61 (d, J = 8.31Hz, 1H), 7.6 (d, J = 7.8, 1H), 7.31-
7.46 (m, 2H), 7.07 (t, J = 8.31Hz, 1H), 4.37 (q, J = 7.32Hz, 2H), 3.61 (s,
3H), 3.47(q, J = 6.3Hz, 2H), 2.8 (t, J=6.3Hz, 2H), 1.95 (m, 2H) 1.38 (t, J =
7.32, 3H);

13C NMR (50MHz) : d: 174.02 (C), 168.47 (C), 160.53 (C), 154.79 (C), 137.00 (C), 132.33
(CH), 127.26 (CH), 124.03 (CH), 121.63 (CH), 121.12 (C), 63.34 (CHy),
51.47 (CHs), 39.74 (CHy), 33.82 (CHy), 29.01 (CHy), 14.05 (CHy);

3. 3-(3-Ethoxycar bonyl-propyl)-4-oxo-3, 4-dihydro-quinazoline-2-car boxylicacid

ethyl ester [47]

HL00C —"
o)

EtooCc ._N
Y@
N

a7
To a pre cooled solution of @mpound 52 (1.68 g, 5 mmoal) in dry xylene (30 mL) was

added PClz (1.350 g, 10 mmal) through a dropping funned over 30 minutes. The mixture was

dirred for 2h a reflux temperature. After the reaction was completed (TLC) the solvent was

didilled off under reduced pressure. The resdue was dissolved in dichloromethane and washed

with agueous NaHCOs; (2x50mL). The organic layer was dried (N&SO,), filtered, and

concentrated to give 47 as asolid, which was pure enough for further use.

Molecular Formula : Ci6H1sN205 318

Yield : 1.272g, 80%

IR (CHCL) . 3477, 3432, 1726, 1692, 1642, 1588 cm*;

'H NMR (200MHz) d: 8.29 (d, J = 7.8Hz, 1H), 7.76 (m, 2H), 7.56-7.4 (m, 1H), 455 (q, J =
7.32Hz, 2H), 4.15 (t, J = 7.36Hz, 2H), 3.66 (s, 3H), 2.42 (t, J = 7.6Hz,
2H), 2.10 (m, 2H), 1.43 (t, J = 7.32, 3H);
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13C NMR (50MHz) : d: 173.69 (C), 161.41 (C), 160.36 (C), 147.11 (C), 145.30 (C), 134.47
(CH), 128.14 (CH), 127.74 (CH), 126.14 (CH), 121.82 (C), 63.19 (CH,),
51.36 (CHs), 45.74 (CHy), 33.64 (CH,), 28.61 (CH), 13.99 (CHy);

4, 6-Hydroxy-11-ox0-8, 11-dihydro-9H-pyrido [2,1-b] quinazoline-7-carboxylic acid
methyl ester [46]

MeOOC
| N__O
HO |
N

46

To a solution of NaH (0.288 g 50% digpersgon in minera oil, 6 mmol, 1.2 eq) pre washed
with petether, 2x5mL) in DMF (15 mL) was added diester 47 (1.59g, Smmol) in DMF through
gyringe, with out alowing the temperature to rise beyond rt. The reaction mixture was girred at
room temperature for 4h. The reaction was quenched with saturated NH,Cl solution, and
extracted with CH,Cl, (3x30mL), dried (N&SQ,), filtered, and concentrated to give 46 as a pae
ydlow solid. The residue was pure enough for the next step. .

Molecular Formula : Ci4H12N204, 272

Yidd :1.07 g, 79%:
M.P. :199-200 C;
IR (CHCL) : 1719, 1692, 1642 cmi;

'H NMR:(200MHz) : d: (mixture of esters due to transesterification) 12,01 (br s, 1H), 11.88 (br
s, 1H) 8.32 (d, J =7.8 Hz, 1H), 7.92 (d, J =8.3, 1H), 7.82 (t, J7.8Hz, 1H)
7.58 (t, J = 8.3Hz, 1H), 4.38, 4.38 () 4.24 (t, J = 6.83Hz, 2H), 3.91(9),
2.77 (t, J=6.83, 2H) 1.45 (t, J=7.32Hz, 3H),

13C NMR (50MHz) : d: (mixture of esters due to transesterification) d170.79 (C), 170.51 (C),
160.50 (C), 156.20 (C), 146.46 (C), 144.72 (C), 134.29 (CH), 128.39
(CH), 127.97 (CH), 126.66 (CH), 121.50 (C), 104.19 (C), 103.98 (C),
61.68 (CHy), 52.37 (CHs3), .38.48 (CH,), 19.96 (CH,), 13.98 (CHg)

M ass (m/2) 1272 (M*, 60, {286, 10}), 241 (26), 212 (100), 185 (58), 145 (25), 130
(52), 102 (51), 90 (48), 76 (50)

287



5. 8, 9-Dihydro-7H-pyrido [2,1-b] quinazoline-6, 11-dione [45]

45

To b-ketoester 46 (0.280 g, 1 mmol) was added |10 mL of 6N HCl solution and the
reaction mixture was refluxed for 5 h, after the decarboxylation was completed it was cooled and
extracted with CH,Cl, (3%x20 mL), dried (N&SOQ,), filtered, and concentrated. The residue was
purified by column chromatography to give 45 as abrown solid.

Molecular Formula : Ci2H10N2O5, 214

Yided :0.175 9, 81%
M.P. : 228°C
IR : 3550, 1692, 1642, 1200 Cm'l;

'H NMR (200MHZ) : d: [keto-enol tautomers (6:4)] 8.22 (m, 1H), 7.47-7.91 (m, 3H), 5.77 (t, J
=4.8Hz), 4.16-4.31 (m, 2H,), 4.50-4.35 (m, 3H), 2.68 (M), 2.3-2.6(m);

13C NMR (50MHz) : d: [Keto-enol tautomers (6:4)] 189.89 (C), 160.78 (C), 145.81 (C),
144.13 (C), 141.92 (C), 104.69 (CH) 134.28 (C), 133.99, 129.13, 128.69,
126.63, 126.23, 121.56 (C), 104.69 (CH), 41.91 (CH,), 38.86 (CH,), 37.17
(CHy), 20.18 (CHy);

M ass (m/z) : 214 (M™, 75), 186 (100), 160 (8), 145 (23), 102 (25), 90 (24), 76 (71), 63
(70), 55 (72).

6. 6-(phenyl-hydrazono)-6, 7, 8, 9-tetrahydro-pyrido [2, 1-b] quinazalin-11-one [44]

N

Z N (6]
PhHN-NJ:(l\ E/

44
To a solution of dione 45 (0.214g, 1 mmoal) in CH,Cl, (6 mL) at 25° C was added phenyl
hydrazine (0.30 mL, 3.95 mmol). After 5 min, a cataytic amount of concentrated HCl (ag) (1
drop) was added. After being stirred for 2 h, the cloudy suspension was filtered, dried in vacuo to
give the hydrazone 44 as a yellow brownish solid.
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Molecular Formula : CigH15N4O, 304

M.P. - 146-8°C.
Yidd : 0.288g, 95%
IR (CHCL) : 3515, 1640cm*

'H NMR (200MHz,) : d: 14.65 (br s, 1H), 8.27(d, J =7.82 Hz, 1H) 7.73 (t, J = 8.3Hz, 1H) 7.63-
(d, J =7.82 Hz, 1H), 7.47 (t, J = 8.3, 1H), 7.34-6.93 (m, 5H), 4.11 (t,
5.86Hz, 2H), 2.87 (t, 5.86Hz, 2H), 2.14 (m, 2H)

7. 6,7-Dihydro-5a, 13,14-triaza-pentaphen-5-one [55]

N7 \é
N
55
To the crude dione 45 (0.215g, 1mmol) in dry toluene (20mL) was added N- (o-
aminobenziliding) p-toluidine (3mmol) and the mixture refluxed for 30 min with azeotropic
remova of water. 0.050g of p-TSA was added and the mixture refluxed further 3h. The reaction
was quenched with NgCO3 and the organic phase was separated and the aqueous phase was
further extracted with ethyl acetate (3x25mL). The combined organic phase was dried (N&SO,),
concentrated and purified by chromatography over slica gd usng 30% ethylacetate-pet ether as
eluent furnished quinoline compound 55.
Molecular Formula : Ci9H13N30, 299.33
Yield : 220, 75%
'H NMR (CDCh): d: 8.43-83 (m, 2H), 8.07 (m, 2H), 7.82-7.75 (m, 3H), 7.63-7.51 (m, 2H),
4.52 (t, J=6.35Hz, 2H), 3.31 (t, J = 6.35Hz, 2H);
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