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Ac Acetyl

Al Aluminium

Ar Aryl

B.P. Bailing point

CPD Cyclopentadiene

CuCl Cuprous chloride

DBU 1, 8-Diazabicydo-[5,4,0]-undec-7-ene
DMF Dimethyl formamide

DMSO Dimethyl Sulphoxide

EtOAC Ethyl acetate

FeCls Ferric chloride

g Gram/s

hr Hour/s

IR Infra Red

Mg Magnesum

mg milligram

MS Mass spectrum

NaH Sodium hydride

Nal Sodium iodide

NMR Nuclear Magnetic Resonance
0s04 Osmium teroxide

Ph Phenyl

PTSA p- Toluene sulphonic acid
SO, Slicagd
TBAHSO, Tetrabutyl ammonium hydrogen sulphate
THF Tetrahydrofuran

TMSCI Trimethyl silyl chloride



General Remarks

All mdting points and boiling points are uncorrected and the temperature are in
centigrade scale.

The compound numbers and scheme numbers given in each chapter refer to that
particular chapter only.

All solvents were didilled before use. Petroleum ether refers to the fraction
bailing in the range of 60-80°C.

Organic layers were dried over anhydrous sodium sulphate (NaSO,).

TLC andyss were caried out on glass plates usng slica g : GF-254 and the
plates were andysed by keeping in iodine or under UV light.

In cases where chromatographic purification were done, SO, or dumina was
used as Sationary phase.

The IR gspectrum was recorded on Perkin-Elmer infrared spectrophotometer
model 683B.

The *H NMR and *C NMR were recorded on varian Bruker WH 90 (22.63 MHz)
or Brucker AC 200 (50 MHz) or MSL 300 (75 MHZz) or DRX 500 MHz (125
MHz). Figures in the parantheses correspond to **C frequencies. *H NMR and *C
NMR gpectra ae reported in pats per million from interna sandard
(tetramethyldlane) on d scae.



Introduction of Camptothecin and its derivatives : A Review

TUMORS
According to Willis
“A tumor is an abnormal mass of tissue, the growth of which exceeds and is
uncoordinated with that of the normal tissues, and perssts in the same excessive
manner after the cessation of the stimuli which evoked the change”.
Tumors may vary widdy in shape, Sze and colour. Sometimes they form a wdl-defined
nodule in the interior of an organ or tissue, or they rise hadf-way above the surface as a
hemispheriad projection; in other cases they are connected with the tissue of origin by a
narow pedicle Tumors are manly of two types. These ae benign tumors and
malignant tumors; the latter are caled cancers, which ultimady kill the hogt. Benign
tumors do not do so except when they interfere with the function of a vitd organ. The
rate of growth, the biochemicd and, morphologicad properties of normd tissue and of
benign or mdignant tumors are different, and gengdly the characteridics of benign
tumors gpproximate that of normal tissues.
The term carcinoma desgnaes mdignant tumors which aise from cdls of epithdid
tissues regardless of the germ layer. eg. the term adenocarcinoma denotes a tumor of
glandular origin which is unequivocdly mdignant. Cancer cdls usudly ae larger then
the cdls of the corresponding normd tissues. Because the sets of chromosomes are not
homologoudy pared or exactly twice or four times tha number, but tha the different
chromosomes are present in different numbers and the nucleus is, therefore geneticaly
unbalanced, which involves the thickening, bresking, dickiness, and bridge formation of
chromosomes.
Some Antitumor compounds

Antitumor compounds of natura origin are being reported in the literature around
the world. Hundreds of compounds have been discovered so far, most of them are of
natura origin. Some compounds which are used in the clinics to combat cancer, are
asBleomycin, Actinomycin, Daunorubicin, Adriamycin, Mitomycin, Vinblastine
sulphate, Vincristine sulphate, and recently introduced Camptothecin and its

1



Introduction of Camptothecin and its derivatives : A Review
derivatives in drug categories. Camptothecin has found a new shdf under the category of
anticancer drugs and forms a separate class as antitumor quinoline derivatives
CAMPTOTHECIN AND ITSANALOGS
Introduction

Mog of the anticancer drugs employed clinicdly exert ther antitumor effect by

inhibiting nucleic acid (DNA or RNA) or proten synthess. This inhibition can occur
through cross linking of bases in DNA or binding to and activation of enzymes necessary
for the synthetic processes. It can dso occur by subdtitution of bases in nucleic acids with
inective analogs or through breskage of DNA by antitumor drugs.
New drug development has as its mgor god, the enhancement of therapeutic activity of a
drug i.e maximisng antitumor activity and minimigng toxicity. Although Camptothecin
1 has potent antitumor activity, it has serious problems with solubility and toxicity. The
cinicd trids of this dkdoid were caried out usng its water soluble sodium st 2, in
which E-lactone ring was cleaved by NaOH, but its severe toxicity to bone marrow and
bladder ruled out the st 2 as a drug for the cancer treatment. Camptothecin derivatives
such as Topotecan 3, Irinotecan 4 etc. began to be used as dinicd antitumor agents to
enhance the thergpeutic activity.

1. R;=R,=Ry=H
Camptothecin

3. R=H Rz= CH,NMe,HCI R,=OH
Topotecan

4. Ry=C;Hs R,=H Rs= OCO4-piperidiny!| piperidine)
Irinotecan (CPT-11)

5. Rp=NH,

9-anino Camptothecin
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| solation:

Camptothecin 1, was isolated by Wal et all. in 1966 from the stem wood of the
tree Camptotheca acuminata decene (Nysaceae), a tree widely didtributed in the southern
pat of China 10-hydroxy camptothecin 14e and 10-methoxy camptothecin 14f were
isolated from stem wood of C. acuminata® Camptothecin 1, 9-methoxy camptothecin 13f
and other related akdoid like mappicine were isolated from Nothapodytes foetida
(Icacinaceae).>* Camptothecin 1 and 10-hydroxy camptothecin 14e were isolated from
Ophiorrhiza mungos (Rubiacese).® Gunasekera et. al.® isolated camptothecin 1 and 10-
methoxy camptothecin 14f from Ervatamia leyneana (Apocynaceae). 11-hydroxy
camptothecin 15e and 11 methoxy camptothecin 15f were isolated from the fruits of
C.acuminata,’ in addition to camptothecin 1 , 10-hydroxy camptothecin 14e and 10-
methoxy camptothecin 14f.

Characterisation:

1aX=0COCH,
1b.X=Cl

1¢.X=OCOCH,)|

The Le Men Taylor® numbering system was used for camptothecin based on the probable
biogenetic rdaionship with Ajmdicine 5. The pyridone carbonyl carbonin 1 has been
3



Introduction of Camptothecin and its derivatives : A Review

designated 16a, dthough this atom was not assgned a number in the Le Men Taylor

scheme. The structure of 1 was deduced from its spectral properties (UV, IR, 1H NMR,
MS) and certan chemicd properties (formation of mono-O-acetate 1a, reaction with
SOCI, and pyridine to give 20-chloro camptothecin 1b, rapid sgponification to a sodium
st tha gave 1 on addification and reduction with sodium borohydride a room
temperature to the lactol 6. The X-ray crystdlographic andyss of its 20-iodoacetate
derivaives edablished that 1 is 4(S)-ethyl-4-hydroxy-1H-pyrano(3', 4':6, 7) indolizino(1,
2-b) quindline-3, 14 (4H, 12H)-dione.

Structure-Activity reationship:

Wal et al.® established early in the chemicd investigation of camptothecin 1 that
the iing E a-hydroxy lactone of 1 is the most critica structurd feature with respect to the
dkaoid's antitumor ectivity in vitro and againg L1210 and P388 in vivo assays.
Camptothecin  hemilactol 7, 20-chlorocamptothecin 1b and 20-deoxycamptothecin  7a
were completdy inactive in such assays. Whereas the subdtitution of the 20-ethyl group
by dlyl, propargyl or benzyl resulted in good increase in life span for L1210 leukemic
mice. The 20(S)-enantiomeric configuration as found in naturd camptothecin is
prerequisite for antitumor activity, whereas 20(R) isomer showed one-tenth the cytotoxic
activity and was margindly activein vivo.
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Camptothecin sodium sdt'® 2 formed by dissolving camptothecin 1 in NaOH
showed marked activity againg a variety of anima tumors but its activity was only one-
tenth than of 1.

The pyridone ring D is essentid for antitumor activity. Thus, the compound 9 which has
same spatid identity with camptothecin 1 showed at least 40-60 fold decrease in activity,
while 10 was inactive!’. Danishefsky et. al.'? prepared isocamptothecin 11a and
isohomocamptothecin 11b. Compound 1la showed a dight activity in vitro whereas 11b
was completely inactive.

Seon

O—( oH

11a. r=0H

The presence d C and D rings are essential as compound 12 was found inactive, but the
subtitution in the ring C leads to complete inactivation. '
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| i o

The subditution in ring A and B shows different levd of antitumor activity. The
dl-7-chlorocamptothecin 1d exhibits , more activity than di-1, but dI-7 methoxy andog le
was inactive. 10-hydroxy and 10-methoxy camptothecin (14e and 14f) were found to be

active whereas subdtitution at postion 11 leads to compounds of reatively low activity
while a substitution at position 12 resultsin inactivation. 143

Sawada et. al.’® prepaed a number of A ring substituted camptothecin and
observed different cytotoxicity and antitumor activity.
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Cytotoxicity of A-ring modified Camptothecin (KB Cell in vitro)

13a. X=9-NO2
13b. X=9-NH;
13c. X=9-Cl
13d. X=9-Br
13e. X=9-OH
13f. X=9-OMe
15a. X=11-NO,
15b. X=11-NH;
15c. X=11-Cl
15d. X=11-Br
15e. X=11-OH
15f. X=11-OMe

14a. X=10-NO,
14b. X=10-NH>
14c. X=10-Cl
14d. X=10-Br
14e. X=10-OH
14f. X=10-OMe
16a. X=12-NO,
16b. X=12-NH>
16¢. X=12-Cl
16d. X=12-Br
16e. X=12-OH
16f. X=12-OMe

17a. R=H
17b. R=Pr
17c. R=CHyPh
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Table: 1

Cytotoxicity of A-ring modified camptothecin (KB cell in vitro)

Compound no. (ED50 of the test sample/ED5S0 of 8) :substituents

Substituted

Position NO, NH, cl Br OH OMe
9, 3a(1.7) 130(1.0) 13c(05) | 13d(05) | 13¢(09) 13(0.7)
10 14a(1.6) 14b(0.3) 14c(08) | 14d(06) | 14600.7) 14(0.8)
1 155(10.3) | 15b(1.3) 15¢(1.0) | 15d((0.9) | 15€(0.5 15(0.8)
12 162(150.0) | 160(1250) | 16c(189) | 16d(17.1) | 166(583) | 16f(59)

From table 1 it is evident that sgnificant cytotoxicity was discovered in the derivetives
having eectron withdrawing chloro and bromo subgtituents a the 9 postion and eectron
donating hydroxyl and amino groups & the 10 pogition.

Antitumor activity of 20 (S)- Camptothecin derivatives (L1210 in vitro)

HO

17a. R=H
17d. R=Pr
17e.R=CH,Fh

\/,’




a) T/C%=( the mean survival time of tested mice)/(the mean survival time of control mice)multiplied by 100

b) administered as suspension. ¢) number of cured mice/tested mice, - not tested.

The sodium <t of 7-ethyl camptothecin (1f Na) showed higher T/C% than that of (1-
Na). In the corresponding 10-hydroxy derivetives 7-ethyl, 10-hydroxyl camptothecin 17a
(17a-Na 0.4 EDsp /EDsp of 1-Na, KB célls in vitro) dso showed higher activity than 14e,
and its Tl vaue was the largest (TI: thergpeutic index; maximum tolerance dose/
minimum effective dose, caculated from the dose response curves, 1-Na, 3.1; 1d-Na,

Introduction of Camptothecin and its derivatives : A Review
Table: 2

12.5; 14e-Na, 8.96; 17d, 50).

Comp. | Subdtituents T/IC%?® Totd dose (mg/kg)
No. R X 25 51| 10 25 50 |[100 | 150 | 250
1 H H 112 | 127 | 168 | &4
e 180 |313 | 120

(@10)

¢
1d Bt H 101 | 147 | 179 | 249 | &7

(9710)

c
13 H 9OMe | 163 | 229 | 155
1% H oCl 129 | 185
1de H 100H | 123 | 130 | 152 | 145 | 99
14f H 100Me | 168 | 215 | 147
17a Bt 100H | 120 | 128 | 138 | 158 | 158 | 169 | 180 | 111
17 176 | 304

(2/6)

17d Pr 10-OH 140 | 146
17e CH,Ph | 10-0H 141|148 | 147 | &7




Systematic modification and evaution of the ring A modified camptothecing, gave a
9
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highly potent derivative, 17a which has a 7-ethyl and an additionad hydroxyl group. The
7-ethyl group tended to increase the antitumor activity, while the hydroxyl group reduced
it.

Mode of Action

Eukaryotic DNA topoisomerases | and |l are essentid nuclear enzymes respongble for
the organisation and modulation of the topologica features of DNA. So that a cdl may
replicate, transcribe, and repair genetic information. Topoisomerase | functions by
cregting trandent single-siranded nicks in DNA  supercoils relieving torsond drain that
has accumulated during DNA replication and transcription.  Intracdlular  levels  of
topoisomerase | are devated in  number of human solid tumors, reldive to the respective
norma tissues, suggesting that variation in topoisomerase | levels are tumor type specific.
Thus, topoisomerase | represents a promisng target for the development of new cancer
chemotherapeutic agents against a number of solid human tumors'®

Camptothecin acts as antitumor agent due to the inhibition of topoisomerase. It stabilizes
the complex between DNA and topoisomerase I, thus intefering with the rdigation
process. Studies have shown a correlaion between the ability to cause dabilisation of a
DNA-topoisomerase intermediate, DNA strands breeks, and antitumor effects of severd
camptothecin anaogs.

As shown in the table 3 among the camptothecin derivatives the only one which
exhibit antitimor activity without inhibiting topoisomerase | is CPT-11 4, which does not
inhibit topoisomerase a concentration 120 times greater than the CCso of camptothecin.
It is 50 imes less potent than camptothecin as a cytotoxic agent and about 10 times less
potent as an antitumor agent. When tested a a high enough dose, however, CPT-11 4 is
as efficacious as camptothecin 1 in L1210 in vivo and has been reported to be effective n
a spectrum of animd tumor modes. These results suggests that CPT-11 4 may be



converted to 7ethyl 10-hydroxy camptothecin 17a upon hydrolysis in vivo and has potent
cytotoxic activity and has efficacy againgt L1210 leukemiain vivo Smilar to thet
10
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observed for CPT-11 4.1/

Table 3:
Topoisomerase | inhibition, Cytotoxicity and antitumor activity of 7- and 10-
substituted Camptothecin.

% conc. that produced 50% DNA cleavage in the presence of topoisomerase I. € conc. that

inhibited the proliferation of L1210 cells by 50% upon continuous exposure. ¢

maximally
tolerated dose (mmol/kg) in mice bearing L1210 leukemia. ‘increase in life span of mice bearing

L1210 leukemia, relative to untreated control, when treated at the MTD.
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Hypothetical model of the interaction of Camptothecin with topoisomerase | and
plasmid DNA:*®

When supercoiled DNA is rdaxed by catdytic amount of topoisomerase | , the
reection pathway shown in fig.1 must be repeated over severd cycles, crestes a single-
granded nick, unwinds the supercoils, reseds the DNA backbone, and then dissociates

a
R, R,
CCso M | 1Gs0, | MTD | %ILS
nM
CH4CN CHs 0.
5 5 5 0+1
CH,CH, CH, 3
NH, 0 9 8 3
y CH,CHN 2.
(Cbz)CH3 0 2 28 2
y CH,CH,N 0.
HCHs 4 4 2 3
OONGs CH,CHs >
Hy.NCsHg 100 200 45 33
OH CH,CHs 0.
8 9 6 44
0.
H H
824007 |34 |2 18+6

from the DNA. The free enzyme can then bind to another supercoiled DNA substrate for
another cycle or to a relaxed DNA molecules leading to product inhibition. Camptothecin
decreased the initid velocity of the relaxaion reaction but did not inhibit the enzyme
irreversble, snce dl of the DNA was eventudly relaxed in its presence. This was
conggtent with the reversible binding of camptothecin to an enzyme-DNA complex.

Andyss of camptothecin-induced DNA bresks show that topoisomerase | is
covaently linked to the 3' end of the broken DNA. Thus, camptothecin inhibits the

fig. 1
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cadytic activity of mammdian DNA topoisomerase |. The inhibition of nudec acd

gl

synthesisin vivo may be rdlated to the formation of this drug-induced cleavable complex.
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Biogenesis:

Studies of Sheriha & Rapport™® and Hutchinson et. al.?° proved that camptothecin
1 is derived from tryptamine and secolognin, the established biosynthetic precursor of
monoterpene indole alkaoids found in severd higher plants.

Mevdonate is converted by the way of geraniol and loganin into secolognin 19,
which combines with tryptamine 18 to form drictosdine (isovincosde) 20. Strictosidine
20 is then lactonised to the lactan drictosamide, which via reduction to the
corresponding derivatives and oxidative cleavage by molecular oxygen or H,O, yidds
the keto lactam. The intramolecular cyclisation of lactam produced a pyrrologquinoline
derivative, which in turn through a sequence of oxidationreduction seps is transformed
into camptothecin.
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CHO COOMe

SwATEENS
NH, - =
N A o)

OGlu
18 19

fig. 2
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Synthesis of Camptothecin analogs (Literature survey)



A number of publications ae flooded in the literature describing the totd
synthesis of camptothecin,®%?12° but only a few reports are available till date towards the
gynthesis of its andogs, because of more complexities in the derivatives as compared to
its parent molecule, camptothecin. A and B ring subgtituted camptothecins are obtained
ether by chemica modification of camptothecin or by tota synthetic routes,

The following section briefly describes some of the reported routes employed for
the synthesi's of camptothecin analogues.

16



Scheme 1:%°
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Curranet. al. (Angew Chem. Int. Ed. Engl. 1995, 34, 2683)

OMe OMe
N| A 1) t-BuLi N CHO N\~ OH
_—
— 2)Me,NCH,CH,NMeCHO / Et.SiH
™S 3) n BuLi T™S | T3F N
23 4) I,
24 49%
OMe OMe
N| N © Pd(OAQ), N| X 0
—_——< >
= K,CO;:
N
™S | | Bu,NBr ™S
o5 63% 26 69%
OMe
AN
1) 0sO,, (DHQD),Pyr. N Q icl
> =
2) l,, CaCO, ™ > o
27 OH
85% (94%ee)
ag. Hl or
TMSI
_ _Br NaH, LiBr
29 + H,CCH;—= DMF., DME

30

p-MeOC,HNC
Me,;Sn.SnMe,
CeHs, 70°C, light.

7-ethyl 10-hydroxy
camptothecin

17a

The authors employed 2-bromo 6-methoxy pyridine as the sarting materid
17
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towards the formation of 7-ethyl 10-hydroxy camptothecin, which was then quenched
with TMSClI to provide 23. The compound 23 was then converted in one step to
iododdehyde 24 by following the procedure of Comins. The E-ring was then introduced
by a sequence of reductive etherification to form 25 and subsequent Heck reaction to give
enol ether 26. The Sharpless asymmetric hydroxylation of 26 produced 27 in 85% yied
and 94% ee. Exchange of the TMS group in 27 for iodine occurred upon exposure to I1Cl,
which upon demethylation using agueous HI provided lactone 29.

The lactone 29 was N-propargylated with methyl propargyl bromide 30 and the
resulting product 31 was trested with p-methoxyphenylisonitrile under the satandard
conditions. This is the key sep in the synthess which establishes amultaneous C-D ring
fromation. Demethylation of the product 32 with HBr then gave 7-ethyl 10-hydroxy
camptothecin 17a (scheme-1).

Scheme 2:%'
Takayamaet. al. ( Biorg. Med. Chem. Lett. 415-418 1998)

This synthess (scheme-2) was aimed to prepare (20S)-10-hydroxy camptothecin
derivatives carrying the long chain faty acid esters. The key step of this synthess was
Friedlander condensation of the protected benzadehyde with 37.

Nitration of the compound 33 with concentrated HNOs/H»SO, followed by dkdine
hydrolysis gave 5hydroxy-2-nitro benzaldehyde 34 in three steps. The compound 34 was
then acylated with five different fatty acid anhydride i.e. cegpric-, lauric-, pamitic-,
dearic-, and arachidic anhydride to give the corresponding esters 35a-35e in good to
moderate yields. After that addehyde functiondity in 35a-35e was respectively protected
as ethylene acetd, the nitro group was reduced by cataytic hydrogenation (H, /PtO,) to
afford the primary amine 36a-36e which were then condensed with chird tricyclic ketone
37 for the formation of CDE ring sysem in 38a-38e.
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HO HO

CHO CHO
3 steps (RCO),0
_—
NO Pyridine

2

33 4
RCOO CHO
Ho ™ \-OH PtO,
p-TsOH HZ’ AcOEt
NO, toluene, heat
35

35a. R= (CH,),CH, ; (y.53%)
35h. R= (CH,),,CH; ; (y.74%)
35¢c. R= (CH,),,CH, ; (y.85%)
35e. R= (CHy)1CH; ;5 (y.70%)

o/>
RCOO

(0] p-TSOH 38ato 38e
+ ol. sieves
toluene; heat
NH,
36
36a R= (CH,),CH, ; (y.64%) 37

36b. R= (CH,),,CH, ; (v.74%)
36 R (CH,), CH, | (7.85%)

- R=(CH,),.CH, ; (v.68%)
R (CHz)lsCHs » (v:70%)

Scheme 3.2
Lackey et. al. (J Med. Chem. 38, 906-911, 1995)

In this synthess (scheme-3) the cyclisation of p-oximinolide 40 to subdituted isatin
and its further condensation with CDE skeleton was the key step towards the synthesis of
subgtituted CamptothecinThe formation of an p-oximinolide was accompanied by
condensation of chlord hydrate, hydroxylamine, and subgtituted aniline 39 which was



cyclised with concentrated sulphuric acid to form subdtituted isatin 41. Equimolar amount
of tricydlic ketal 42 and subgtituted isatin 41 were combined in an agueous acid
medium and gtirred at room temperature for between 2 to 40 hours, which on heeting
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reacted further to form 7-carboxylic acid 42.

R R R o
. _NOH
- e ol
NH N N
9 a0 1 ° 4"

COOH
AN O
R N
—
N N\ /
44 @]

Reagents. (@) chloral hydrate, hydroxylamine, HLO/HCI; (b) conc. H,SO,, BF;.Et,0, or
H,P,O-/hezt; (c) HOAc, HCI, room temp.; (d) HOACc, conc. HCI, 105°C.
Scheme 4:7
Kingsbury et. al. ( J. Med. Chem. 34, 98-107, 1991)

The authors achieved the syntheds of subdituted camptothecin by semisynthetic
sequence involving natural camptothecin, as well as the synthetic routes.



Thus, 10-hydroxy camptothecin 14e was prepared from 20(S)-Camptothecin 1 by a
reduction-oxidation  sequence  (scheme-4a). Controlled  catdytic  reduction  of
camptothecin produced 1, 2, 6, 7-tetrahydro camptothecin which because of air
sengtivity, was treated with |ead tetraacetate followed by hydrolysis with acetic acid-
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HO

1. HOAC,HZIPtOZ,l atm

>

2. Pb(OAc),.HOAC
3. HOAc.H,0

CH,O,R,R,NH
HOAC, EtOH

Scheme: 4a

water resulted in the formation of 10- hydroxy camptothecin 14e. N-substituted 9 (amino
dkyl)-10-hydroxy camptothecins 45 were prepared using Mannich reaction from 10-
hydroxy camptothecin 14e, whereas only N-substituted 9-(amino akyl) camptothecin 47
was obtaned by removing hydroxyl group usng pdladium-catalysed reduction of aryl
triflate (scheme-4b). This triflate 46 in turn was prepared from the reaction of 9-(amino
akyl) 10-hydroxy camptothecin 45 with N-phenyl trifluoromethane sulphonamide.

10-(aminomethyl) camptothecin 50 was prepared (scheme-4c) from  10-hydroxy
camptothecin 14e by reaction of N-phenyl trifluoromethene sulphonamide with 14e to
give a quatitetive yidd as crude triflate 48, which was converted to 10-cyano
camptothecin 49 by the pdladium catdysed cyandion, which on cataytic reduction
furnished 10-(amino methyl) camptothecin.
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Scheme: 4b

TfO

C,H-N(SO,CF,),

2, 6-toluidine,
DMF, 27
24 hrs.

Pd(OAC),,
(CsHe)sP

CgH5N(SO,CFy),

DMF, Et,N
s5Pc 3 hrs.

NC

BusSnCN,

Pd(PPh,),

1, 2, dichloroethane
50

Ra-Ni; HOAc H,N
H, 10 PSi




7-subgtituted camptothecin were prepared (scheme-4c) by condensing tricyclic ketone 55
with the gppropriate aromatic amino ketones and the resulting deoxycamptothecin
22
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derivative was hydroxylated with oxygen in the presence of cupric chloride.

Scheme: 4d
NO:  hocH,cH,oH NO,  CH,SCH,CN
CH, p-TosOH CH, NaOH
52 O o DMSO
51 0
NO,
CH, _10%PdIC  _
NCCH; o Ho 50 psi NCCH;
53 O
\_/
CH,
NCCH, o
N—<"
56 0
H O
CH,
NCCH,
o, OO s RaNi
o _
CuCl, HoAc
Me,NH o\ /
0
OH O

H,NCH,CH,
HOAc s
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Scheme : 4e



NO,

CH,

570

NO.

60 §

O, DMF

NO.

(CH,0)n z CbzCI,DCM
CH3NH2.HC| NHCH,.HCI Et,N, O.C
CH.CI., EtOH
272 59 o)
Na,S,0, NH,
_— >
N(Cbz)CH,  EtOH, pH 7 N(Cbz)CH,
61 o
N(Cbz)CH,

toluene
p-TosOH

N(Cbz)CH,

H,, 10%Pd/C

P

(CH,),NH

Scheme 5:%8

HOAc
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Monroe E. Wall et. al. ( J. Med. Chem. 29, 1553, 1986)

(Et0),CO
—_—
KH, PhCH,

o)
o} Z COOEt  pot. t-butoxide,
N Etl,DME/or
CN MeOC,H,Br
69 o

DMF

R
R
Ra-Ni © COOEt NaNO,
_ -
H, CH,NHCOCH,
Ac,0 HOAc R=H fe) -
R=0OMe
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To synthess 11-methoxy camptothecin 15f (scheme-5), subgtituted pyridone 65
was teken as the darting materid, and was converted to the bicyclic pyridone 66 by
trestment with methyl acrylate and K,CO3 in DMF. Hydrolyss and decarboxylation were
effected by refluxing in a mixture of HOAc and conc. HCl under N2. The ketone 67 was
then converted into ketal 68. Ethylation was accomplished by using potassum tbutoxide,
and ethyl iodide to furnish 70. Catdytic hydrogenation of the nitrile 70 in the presence of
Raney Ni in a mixture of acetic anhydride and acetic acid gave the amide 71. Remova of
the catayst by filtration followed by the addition of NaNO, to the filtrate furnished the
N-nitroso derivative 72, which decomposed on heating in an inert solvent (CCly) leading
to the formation of acetate 73. The diester 73 was lactonised by 2N H,SO,; in
dimethoxyethane with Smultaneous deketdisation to give ketone 74. Friedlander
condensation of this ketone with 4-methoxy-2-amino benzadehyde in the presence of
acid cadyst furnished subgtituted 20-deoxy camptothecin which was oxidised to dl-11-
methoxy camptothecin 15f by passng O- through a solution of compound in DMF in the
presence of CuCl,.

Scheme 6:1°
Luzzio et. al. ( J. Med. Chem. 38, 395, 1995)

The authors prepared subdtituted camptothecin and using the corresponding
subgtituted aniline as the garting materid.

N-Acetylation of 3, 4-(methylene dioxy) aniline 75 was carried out with acetic
anhydride followed by a directed ZnCh-catdysed Friedd-Crafts acylation with
chloroacetyl chloride on the anilide to provide & chloroacetophenone 76. Hydrolysis of
the acetamide group, using agueous acid produced the requisite 2'-amino-2-chloro-4',5 -
(methylene dioxy)acetophenone 76. In the ethylene dioxy series 1, 4-benzo-dioxane-6-
amine was reacted with chloroacetonitrile in the presence of BFs and catdytic anhydrous
AlIClk  producing the corresponding  2'-amino-2-chloro-4',5' -(ethylene  dioxy)
acetophenone 78 was formed in one step. The 2’ -amino-2-chloro-4', 5' - (methylene
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Reagents: (@) AcCl, Na,CO;s; (b) CICH,COCI, ZnCl,, CH3NO,, 100°C; (c) conc,HCI, ethanol, 80°C; (d)
CICH,CN, BCl3, CH,Cl,, 4°C; (e) p-TSA, tal., 100°C; (f) 1-methyl piperazine, DMF, RT; (g) CF3COOH.

dioxy)acetophenone and 2'-amino-2-chloro-4’, 5'-(ethylene dioxy) acetophenone were
reacted with the tricyclic keto lactone under PTSA catalysed Friedlander condensation
conditions to yield the corresponding 7-(chloromethyl)-10, 11-(methylene dioxy)-(20S)-
camptothecin 79 and 7-(chloromethyl)-10, 11-(ethylenedioxy)-(20S)-camptothecin 80
respectively. The respetive chlorides were displaced with 4-methyl piperazine to provide
the corresponding tertiary amines.
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Scheme 7:%°
Wood et. al. ( JOC 60, 5739, 1995)

Phi(OAC),

HOAC/H,0

This method describes a convenient way to functiondise camptothecin to 10-
hydroxy camptothecin on a large scde. Cataytic hydrogenation of 1 over platinum in
mildly acidic solution gave 1,2,6,7-tetrahydro camptothecin 83 which on oxidaion with
(iodobenzene diacetate) in 1:1 acetic acid/H,O provided 10-hydroxy camptothecin 14e.
This reaction sequence can be performed on large scade and leads to formation of clean
products. The 10-hydroxycamptothecin (14e) is a key synthon for topotecan and can aso
be utilised for the synthess of irinotecan and other bioactive camptothecin derivatives as
wall.
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Preparation of 4-methyl N-substituted pyridone

Section: 2
Part |
Preparation of 4-methyl N-subgtituted pyridone: An important precursor towards the

formation of camptothecin.

2 3 ©
Ph
ROOC. N, (o]
— |

=

Cl
(o]

4 5 COOR

Scheme 1

In an approach towards he synthesis of camptothecin, it was envisaged that pyridone 6
would be a key synthon. The pyridone 6 in turn could be accessed readily by the metd
catadysed cydlisation of the trichloro compound 8. The congruction of pyridone ring as a
mode molecule was anticipated as the ided way to ascetan the feashility of
intramolecular C-C bond formtion reection prior to synthess of quinoline moiety.The
following reterosynthetic strategy was adopted.

o Ph

D
o) N

NS

6

Phﬁ
COOMe Oy__N_ _COOMe O N
] = ¢ — j:
cl [oligg N
cl 7 Cl |

8
COOMe Meooc” Cl COOMe

COOMe

- +
HN COOMe CIH;N__ COOMe 10

— \%\ — +
| CH,CHO 11
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Preparation of 4-methyl N-substituted pyridone

- | + Et:N Ph
C H3N\/COOMe + CH.CHO YC y >—_N\/COOMe
DCM stir RT 1/2 hr 12 96%
Ph
Ph
Br_ - COOMe y >—N COOMe NaBH, HN COOMe
—_—
TBAHSO, MeOH
20% NaOH 13 75% | lhr. 14 | 79%
COOMe COOMe
20% HCI
CgHgCH.Br
H,N COOMe ELN
DMF /.
stir
24 hrs.
COOMe
Ph Ph
HN COOMe COOMe
K,CO4 _03molwCuCl
> " acetonitriie
clc.cocl acetonitrile
led tub
14 i
COOMe 80% COOMe
Ph Ph
(e} N COOMe N COOMe
DBU ¥
cl Benzene
reflux
cl 16 2 hrs.
MeOOC Cl MeOOC
0 LiBr Ph
DMF O, N
150°%C N |
AN
18 40%
Scheme 3

Alkylation of Schiff's base of glycine ester! 12 with 4-bromo methyl crotonate furnished
compound 13 in 75% yield using 20% NaOH? solution in the presence of catalytic
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amount of TBAHSO,. The dkylated product on treatment with NaBH; in MeOH
furnished amine 14 in 72% yidd. The amine 14 was dso prepared by the hydrolysis of
dkylated product usng 20% HCl solution followed by the condensation with benzyl
bromide in the presence of triethyl amine and DMF as the solvent. The amine 14 was
then condensed with trichloroacetyl chloride in the presence of K»,COs; as the base to
furnish amide 15 in 80% vyidd. Intramolecular free radica cyclisation of 15 with CuCl
(0.3 mol%)® as the catalyst in CHsCN at 140°C under sedled tube conditions provided the
desired chlorocompound 16 in 62% yield.

With the desired cyclissed compound 16 in hand there was now a need to
aomaise the ring. The folowing two resgents were chosen to effect desired
transformation.

When compound 16 was subjected to aromatisation usng DBU (2 eg.) in benzene
as solvent, a complex mixture was formed and desred compound 17 could not be
obtained.

Treatment of compound 16 with LiBr-LiCO3 in DMF a 150°C,* provided the
aromatic compound 18 whose spectrd andysis reveded the lack of ester group. Andysis
of IR of compound 18 showed absence of pesks at 1744 cmi* indicating the absence of
ester group. The *H NMR spectrum revesled a pesk a 2.2 ppm integrating for 3 protons
indicative of the presence of heteroaromatic methyl group. The presence of a snglet a
6.4 ppm and 2 doublets at 6.0 & 7.2 ppm with coupling constant of 7 Hz. confirmed the
dructure of 18 to be N-benzyl 4methyl pyridone. The structure was frther confirmed by
the presence of a peak at 199 in mass spectrd analyss. Formation of pyridone 18 in 40%
is noteworthy as it involves 5 sequentiad seps involving 2 dehydrohdogendtions, 2
decarboxylations and bond reorganisation step. With pyridone as modd molecule in
hand, efforts were directed towards the synthess ABC and D ring.

The Schiff’'s base of glycine ester 12 on trestment with dlyl bromide under phase
trander conditions usng tetrabutyl ammonium hydrogen sulphate as the cadys
furnished alkylated Schiff’s base 19 in 92% yield (scheme-4). The 'H NMR of 19
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showed the presence of multiplet a 2.6 ppm which was assigned to CH, group adjacent
to dlylic proton, the doublet a 5.1 ppm integrating for 2 protons was assgned to the 2
termind olefinic protons, whereas the multiplet between 5.25 and 5.7 ppm was assigned
to the third ol€efinic proton.

Hydrolyss of 19 usng 10% HCl solution furnished amine 20 in 80% yidd, which
was protected as its urethane 21 employing benzyl chloroformate® in presence of KoCOs
as the base in 92% yidd. In proton NMR spectra the singlet a 5.1 ppm was assigned to
the benzylic proton (H2CCsHs). The compound 21 was subjected to tendem Michad-
Dieckmann reaction ®7 with ethyl acrylate as the Michael acceptor employing NaH as the
base to furnish ethyl keto ester 22 in 70% yidd, wheress the yield was 65% when methyl
acrylate was used as the Michael acceptor to furnish methyl keto ester. The keto ester was
then refluxed in 10% HCI for 4 hrs. to provide pyrrolidine 23 as a product of hydrolyss-
decarboxylation reaction. Friedlander condensation of 23 with N(o-amino benzylidine)p-
toluicine® 24, in toluene usng PTSA as the catayst furnished quinoline 25 in 67% yield.
In *H NMR spectrum the multiplet a 4.7-5.1 ppm integrating for 4 protons was assighed
to 2 temind olefinic protons and 2 protons benzylic to quinoline ring. Oxidative
cleavage of 25 employing osmium tetroxide (cat.) and NalO4 in dioxane/water system
fumished adehyde which without purification was subjected to Wittig olefination with
phosphorane (prepared from 2-chloroacetate and triphenyl phosphine) provided a, b-
unsaturated ester 26 in 82% yidd. In *H NMR spectrum the multiplet a 6.5 to 6.8 ppm
was assigned to b olefinic proton of a, b-unsaturated ester group.

The urethane 26 was deprotected using 10 eg. of trimethyl slyl iodide (prepared
from 10 eg. of TMSCl and 10 eq. of Nal)® in dry acetonitrile under N, amosphere a
room temperature furnished amine 27 within an hour. The crude amine 27 was then
condensed with trichloroacetyl chloride in the presence of K,COj3 in dichloromethane as
the solvent provided amide 28 in 75%. The compound 28 was then subjected to
intramolecular free radica cydisaion usng CuCl cat. (0.3 mol%) in seded tube as
depicted in scheme-4. Dissappointedly severa attempts to cyclise 28 to 29 met with
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Ph>_ ~~ i + H,N.__ COOMe
=N_ coome ————= D=N_ _coome HO ;
H TBAHSO, H = - "
12 10% NaOH 92% 80%
19 20
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a” " coooH,CH Oﬁ/ N A coome  MeOOC
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22
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276 5 NH, 24
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with falure. Snce 28 could not be cyclised to 29 this route to synthesize camptothecin
was abondoned.

Concluson :

Although the cydisation reaction faled to achieve the tetracydic framework of
camptothecin, 4-methyl pyridone could be readily accessed following the above
mentioned methodology. Occurrence of dehydrohaogenation as wel as removd of two
carbomethoxy groups in one pot is the noteworthy festure of this transformation. 4-
Methyl pyridone 18 can potentidly serve as a synthon towards the synthess of
camptothecin.
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Experimental Procedure:
M ethyl N-(phenyl methylene)b -vinyl alaninate 12:*

Ph

>—=N.__COOMe
H

12

To a solution of 15.68g (0.125 mol) of glycine methyl ester hydrochloride and 12.62g
(0.125 moal) of triethyl amine in 50 ml of dry DCM in the presence of 59 of Molecular
seves (4 A°), was added 10.6g (0.1 mol) of benzadehyde. The reaction mixture was
dtirred for 0.5 hr a room temperature. At the end of reaction, 100 ml of water was added
to dissolve triethyl ammonium hydrochloride, the organic layer was separated and the
resulting agueous solution was then extracted wth 2x50 ml portions of dichloromethane.
The combined organic layer was then dried over anhydrous N&SO., filtered and
concentrated on rotary evaporator to furnish Schiff’'s base 12 as colourless ail in 96%
yidd.

'H NMR (200 MHz); 4.35 (s, 2H):; 3.9 (s, 3H); 7.3-7.8 (m, 5H); 8.2 (s, 1H).

Dimethyl 5-[-phenyl methylidene amino]-2-hexenedioate 13:2

Ph

>—N.__COOMe

H

COOMe

13
To a10g (56 mmol) of Schiff’s base 12 and 12.5g (70 mmol) of methyl 4-bromo
crotonatein 50 ml DCM was added, 50 ml of 20% sodium hydroxide solution followed
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by cadytic TBAHSO, 1.99 (5.6 mmoal). The two phase system was dirred a room
temperature for 40 mins. The dichloromethane layer was separated and the agueous layer
extracted with 2x50 ml portions of dichloromethane. The combined dichloromethane
layer was dried over anhydrous N&SO4, and filtered. Concentration of the organic layer
on rotary evgpoator furnished 11.3 g of akylated Schiff's base 13 as colourless ail in
75% yidd.

IR (nest) n cmit: 1700, 1640, 1440.

'H-NMR (200 MHZ): d 2.75 (m, 2H); 3.65 (s, 3H); 4.35 (t, 1H); 5.9 (d, 1H, 16 Hz.);

6.85 (dt, 1H) 6.8-7.7 (m, 5H).

Dimethyl 5-benzyl amino-2-hexene dioate 14:

Ph

HN COOMe

COOMe
14

To a 10g (37.7 mmol) of dkylated Schiff's base 13 in 50 ml of dry MeOH, was added in
gmdl portion of 1.1g (30 mmol) of sodium borohydride under ice cooling. After dirring
for 0.5 hr the solution was then concentrated on rotary evaporator, the resulting residue
was quenched with 50 ml of water and extracted with 3x25 ml protions of ethyl acetate.
The combined organic layer was dried (anhydrous NaSO,), filtered and then
concentrated on rotary evaporator. Purification of the resdue thus obtained by column
chromatography (SiO) furnished 7.25g amine 14 as viscous il in 72% yield.

IR (nest) n cmt: 3373, 3059, 1729, 1657, 1440.

'H-NMR (200 MHz): d 1.9 (br s, 1H); 2.5 (m, 2H); 3.4 (t, 1H); 3.7 (s, 2H); 3.8 (s, 6H);
5.9 (d, 1H); 6.9 (m, 1H); 7.3 (m, 5H).
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Dimethyl 5-benzyl(trichloromethyl)car boxamido-2-hexenedioate 15:

Ph

COOMe
CI:J\:CI\&

COOMe

15
To a dirred solution of 5g (18.7 mmoal) of amine 14 and 1.46g (37.4 mmol) of KoCOg3 in
50 ml. of dichloromethane, was added 4.2g (234 mmol) of trichloroacetyl chloride
dropwise a 0°C. The reaction mixture was irred overnight, a room temperature,
quenched with 50 ml of water and extracted with 2x25 ml portions of dichloromethane.
The combined organic layer was dried over anhydrous N&SO;, filtered and concentrated
on rotary evaporator. Purification by column chromatography over slica gd usng 20%
EtOA c-pet.ether as duent furnished 6.2g of amide 15 asaviscous liquid in 80% yield.
IR (neat) n cmi’: 1724, 1680, 1496, 1456, 1436, 1360, 1224.
'H-NMR (200 MHz): d 2.8 (m, 1H); 3.0 (m, 1H); 3.7 (t, 1H); 3.75 (s, 6H); 5.0 (s, 1H);
5.75 (d, 1H -CH=CH-COOMe); 6.7 (m, 1H -CH=CH-COOMe); 7.35 (m, 5H aromatic
rng).
Mass (m/e): 408, 386, 362, 276, 171, 91.
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M ethyl(1-benzyl-5,5-dichloro-4-chloro(methyl  oxycar bonyl)methyl-6-oxohexahydro-
2-pyridine car boxylate 16:3

Ph

@) N COOMe
Cl

Cl
MeOOC Cl

16
In a glass tube on 10 ml capacity 2g (4.8 mmol) of amide 15, 2.3 mg (0.3 mol%) of CuCl
in 5 ml of CH;CN were introduced. The end of the glass tube was then sealed and closed
in sted bomb, and was then kept a 140°C for 10 hrs. The resulting black coloured
solution was then cooled and concentrated. To the resdue 20 ml water was added and
aqueous layer was extracted with 3x20 ml EtOAc, the combined organic layer was dried
over anhydrous N&SO,, filtered and concentrated on rotary evaporator. Column
purification of the resdue provided 1.24g (62% yield) of cyclic product 16 as a viscous
liquid.
IR (neat) n cmit: 2923, 1744, 1686, 1437, 1209.
'H-NMR (200 MHz2): d 2.45 (m, 2H), 3.4 (m, 1H), 3.8 (m, 2H), 3.9 (s, 6H), 4.15 (m, 1H),
4.9 (d, 1H), 5.5 (m, 1H),7.3 (m, 5H).
Mass (m/e): 408, 386, 328, 216, 121, 91, 77.
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4-Methyl N-benzylpyridone 18:*

18

To a 0.5g (1.2 mmol) of amide 16 in 5 ml of DMF was added 0.13g (1.5 mmol) of
LiBr and 0.11g (1.5 mmol) of Li,COs3. The solution was heated at 150°C for 0.5 hr, and
was then cooled to room temperature and 25 ml of water was added to it. The agueous
solution was extracted with 3x25 ml of EtOAc and findly washed with 25 ml. of brine
solution followed by 25 ml of water. The organic layer was separated dried over
anhydrous N&SO,, filtered and concentrated on rotary evaporator. Purification by
column chromatography (SO>) afforded 0.095g of pyridone 18 as a viscous oil in 40%
yied.
'H-NMR (200 MHz): d 2.2 (s, 3H), 5.1 (s, 2H), 6.0 (d, 1H, J=7Hz olefinic), 6.4 (s, 1H
olefinic), 7.2 (d, 1H, J=7Hz ol€finic), 7.4 (m, 5H aromatic).
13C NMR (50 MHz): 22(s), 52(t), 108.7(d), 119(d), 128(d), 128.5(d), 129(d), 136(d),
136.5(s), 151(s) 162.5(s).
Mass (m/e): 199, 182, 122, 110, 91, 64.
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Ethyl N-(phenyl methylene)-b-vinyl alaninate 19:2

Ph

>:N COOMe

H

19
To a 10g (56.5 mmoal) solution of methyl N-(phenyl methylene) glycinate 12 in 100 ml of
DCM, was added 8.6g (70.6 mmol) of alyl bromide, followed by addition of 100 ml of
10% NaOH solution and 2g (5.65 mmol) of tetrabutyl ammonium hydrogen sulphate in
cadytic amount. The reaction mixture was girred for 0.75 hr a room temperature. The
organic phase was separated and the agueous layer was extracted with 2x50 ml portions
of dichloromethane. The combined organic phase was dried over anhydrous N&SO4,
filtered and concentrated under reduced pressure. The crude syrup thus obtained was
redissolved in CCly (50 ml) and washed with water. The organic phase was dried over
anhydrous N&SOQ;,, filtered and concentrated to get 11.2g of crude akylated Schiff’s base
19 in 92% yidd as viscous ail.
IR (nest) cm*: 1730, 1620.
'H-NMR (200 MH2): d 2.6 (t, 2H, J=7.5 Hz -CH,CH=CH), 3.75 (s, 3H -COOCHj), 5.1
(d, 2H, J=5.18 Hz CH,-CH=CHpy), 5.3-5.7 (m, 1H, -CH,-CH=CH,), 7.2 (s, 5H aromatic).
M ethyl 2-aminopentenoate 20:

H,N.__COOMe

20
The crude Schiff’s base 19 was stirred with 75 ml of 10% HCI for %2 hr at the end of
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which 30 ml of EtOAc was added to the reaction mixture. The solution was again stirred
for 2-3 minutes. The agueous layer was separated and extracted again with 2x30 ml
portions of EtOAc. The agueous layer was then cooled and neutrdised with ammonia
solution (40%) and was then extracted with 3x30 ml portions of dichloromethane. The
combined organic layer was dried over N&SO, (anhydrous), filtered and concentrated
under reduced pressure to provide 5.3g of crude amino ester 20 in 80% yidld as viscous
all.

IR (nest) cm*: 1730, 3400.

'H-NMR (200 MH2): d 1.9 (br s, 2H —NHy), 2.6 (t, 2H, J=7.5 Hz H,C-CH=CH,), 3.75 (s,
3H —CHs), 5.1 (d, 2H J=5.18 Hz dl€finic), 5.4 (m, 1H, -CH,-CH=CH).

M ethyl-2-(benzoyloxy car bonyl amino)-4-pentenoate 21:°

O N
Y
o)
CH:CH;~ |

21
To a dirred solution of 5.3g (41mmol) of amino ester 20 in 50 ml of dy dichloromethane
under N, atmosphere at 0°C, was added 11g (82 mmol) of K,COs3 followed by dow
addition of 7g (41 mmol) benzyl chloroformate. The mixture was dirred for 2 hrs and on
completion of reaction (TLC), 100 ml of water was added. The organic layer was

COOMe

separated whereas agueous layer was extracted with 2x25 ml of dichloromethane. The
combined organic layer was the dried and concentrated under reduced pressure. Column
chromatography (SiO2) of the resdue using 20% EtOAc-pet ether as the duent furnished
9.99 of pure urethane 21 in 92% yidd as viscous oil.
IR (Neat): 1730, 1500, 1340, 1030, 3300 cmi™.
'H-NMR (200 MH2): d 2.46 (t, 2H J=7.5 Hz CH,-CH=CH,), 3.75 (s, 3H, COOCHya),
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4.46 (m, 1H), 5.1 (s, 2H, CH,Ph), 5.35 (d, 2H, J=5.18 Hz CH,-CH=CHj), 5.55-5.85 (m,
1H, CH-CH=CH),), 7.4 (s, 5H).

1-Benzyl 3-methyl 5-allyl-4-oxotetr ahydro-1H-1, 3-pyrrole dicar boxylate 22:57
MeOOC
N—COOCH,C,H,

22
To a dirred suspension of 1.6g (68 mmol) of NaH (50% suspension in oil prewashed with
3x10 ml of dry pet-ether) in 100 ml of dry benzene was added 9g (34 mmol) of urethane
21 dropwise under N, atmosphere a room temperature. The reaction mixture was sirred
till evolution of hydrogen ceased. To the generated sodium sdt was added 3.17g (37.4
mmol of methyl acrylate in 20 ml benzene dropwise, the reaction mixture was dirred for
0.5 hr, which was then refluxed for 2 hrs It was then quenched with 50 ml of saturated
solution of ammonium chloride, the organic layer was separated and the water layer was
extracted with 2x50 ml of EtOAc. The combined organic layer was then dried (anhydrous
NaS0O,), filtered and concentrated. Purification by column chromatography (SO2) usng
25% EtOAcC-pet ether as duent furnished 7.34g methyl keto ester 22 in 65% yidd as
visoous liquid.
IR (neat): 1700, 1730, 1410 cmi™.
'H NMR (200 MHz):d 1.3(t, 3H, J=7.5 Hz COOCH,CHs), 2.6 (m, 2H, CH,-CH=CH),),
3.75 (d, =7 Hz 2H), 4.0-4.55 (m, 3H), 55.4 (m, 2H), 5.2 (s, 2H, CH,Ph), 5.65 (m, 1H
CH,-CH=CHy), 7.35 (s, 5H).
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2-(Benzyloxycar bonyl)-3-(2-propenyl)-1, 3-dihydro-2H-pyrrolo [3, 4b]quinaline 25:®

N—COOCH,C,H,

\

\

25
To a 53 (15.1 mmal) of b-ketoester, 50 ml of 10%HC| solution was added and the
mixture was refluxed for 4 hrs. The reaction mixture was cooled and extracted with 3x30
ml portions of dichloromethane. The combined organic layers were dried over anhydrous
N&SO,, filtered and concentrated under reduced pressure to provide 2.7 g of
pyrrolidinone in 70% yidd. To a solution of 2.7 g of crude pyrrolidinone in 25 ml of dry
toluene, was added 2.8g (13.1 mmol) of N-(o-aminobenzliding)-p-toluidine and the
mixture refluxed for 0.5 hr with azeotropic removad of water usng DeanStark apparatus.
After half an hour, 0.3g d PTSA (catalytic anount) was added and the mixture was again
refluxed for 3 hrs The reaction mixture was then cooled and quenched with
10%NaHCO3; and the organic phase was separated and the aqueous phase was further
extracted with 2x25 ml portions of EtOAc. The combined organic layer was dried over
anhydrous N&SO,, filtered and concentrated under reduced pressure to furnish crude
quinoline. Purification by column chromatography over dlica ge usng 30% EtOAc-pet.
ether as duent provided 2.5g of quinoline 25 in 67% yield as viscous liquid.
IR (neat) cmi™: 1690, 1420, 1220, 1130.
'H NMR (200 MHz)d 2.8-3.3(m, 2H, CH,-CH=CH,), 4.7-5.1 (m, 4H), 5.3 (s, 2H,
CH,Ph), 5.3-5.6 (m, 1H, CH,-CH=CHy), 7.3-7.5 (m, 5H, Ph), 7.6 (t, 1H), 7.75 (t, 1H), 7.8
(d, 1H), 8.0 (d, 1H), 8.1 (m, 1H).

45



Preparation of 4-methyl N-substituted pyridone

Benzyl  3-[3-methloxy  carbonyl-2-propenyl]-2,  3-dihydro-1H-pyrrolo[4,  3-b]
quinoline-2-car boxylate 26:

N—COOCH,C,H,

\

\

COOMe
26

To a dirred solution of 2g (5.8 mmoal) of quinoline 25 in 15 ml of 1,4-dioxane and 5 ml
of water was added cataytic amount of OsO4 and was girred continuoudy for 5 min, a
black coloured complex appeared. To this complex was added 2.7g (12.8 mmol) of
NalO,4 in amdl portion a a time and the solution was girred further for 4 hrs. Water was
added and crude ddehyde was extracted with 2x25 ml of ethyl acetate. The combined
organic layer was dried over anhydrous NaSO., filtered and concentrated under reduced
pressure to furnish 1.7g of ddehyde in 83% yidd. To a crude solution of 1.4g (4.9 mmoal)
g of adehyde in 20 ml of dichloromethane was added 2.0g (6 mmol) of Wittig sdt, the
solution was dirred a room temperature, under N, amosphere for 6 hrs. The reaction
mixture was then concentrated and purified by column chromatography (SO») to furnish
1.6 g of a,b-unsaturated ester 26 in 82% yield as brown coloured solid. m.p. 106°C.

IR (nest) cmt: 3014, 2945, 1705, 1680, 1500, 1400, 1347, 1314, 1274, 1211.

'H NMR (200 MHz): d 3.1-3.4 (m, 2H, >C-CH,-CH), 3.6 (s, 3H, -COOCHj), 4.7-5.2 (m,
3H), 5.35-5.45 (m, 2H), 5.6-5.8 (m, 1H), 6.5-6.8 (m, 1H), 7.26-7.5 (m, 5H), 7.6 (t, 1H),
7.75 (t, 1H), 7.85 (d, 1H), 7.9-8.2 (m, 2H).

Mass (m/e): 402, 371, 325, 303, 259, 168, 91.
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Methyl 4-[2-(2, 2, 2-trichloroacetyl)]-2, 3-dihydro-1H-pyrrolo[4, 3-b] quindline-2-

butenoate 28:°
A (@)
N
N/ Cl

c Cl

\

COOMe
28

To a dirred solution of 1g (2.5 mmoal) of urethane 26 and 3.7g (25 mmol) of Nal in dry
acetonitrile, was added 2.7g (25 mmol) of MesSICl dropwise under N, amosphere and
dirred for 1 hr & room temperature. After completion of reaction (TLC) 25 ml of 20%
solution of NaS,03 was added and agueous phase was extracted with 3x30 ml. portions
of EtOAc. The combined organic layer was washed with 50 ml of saturated solution of
NaCl and findly with 50 ml of water, dried over anhydrous N&SO,, filtered and was
then concentrated to frunish 0.63g of crude amine in 93% yield.
To this ice cold dirred solution of 063g (24 mmol) of amine in 25 ml of
dichloromethane, was added 0.65g (48 mmol) of K;CO3 and 0.54g (3 mmol) of trichloro
acetylchloride dropwise. The solution was dtirred for 4 hrs and at the end of reaction 25
ml of water was added. The organic layer was then separated and the aqueous layer was
extracted with dichoromethane (2x25 ml). The combined organic layer was dried over
NaSO,, filtered and concentrated to furnish a resdue, which on column purification
furnished 0.66g of pure amide 28 in 75% yield as aviscous liquid.
IR (neat) cmi™: 2976, 2937, 1716, 1667, 1571, 1437, 1372, 1324, 1268, 1211, 1170.
'H NMR (200 MHz): d 3.1-3.4 (m, 2H, >CH-CH,-CH=), 3.6 (s, 3H, -COOCHj), 5.2 (d,
J=17 Hz 1H), 5.5-5.7 (m, 3H), 5.85 (m, 1H), 6.5 (m, 1H), 7.55 (t, 1H), 7.8 (d, 1H), 8.1 (d,
1H).
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Total synthesis of 7-chloro, 10-methoxy deoxycamptothecin

Part : 2

Having faled to get the desred pyridone from the trichlorocompound by the
above scheme, atempts were diverted towards the formation of quinoline through
another route. Most of the earlier routes employ subdtituted amino benzadehydes in
Friedlander  condensation to  synthesze the quindline  Since  subdituted
aminobenzaldehydes are not readily avalable and thelr indability prompted us to access
varioudy subgtituted quinolines and camptothecin. Accordingly, the keto eders, were
condensed with aniline or subgtituted aniline in the presence EtOH and two drops of dil.
HCI, furnished enamines (31a-31f) which were then cydised in the presence of diphenyl
ether at temperature ranges between 240°C to 260°C to provide hydroxy quinoline (32a-
32f). After condderable experimentation it was found that the temperature plays a critica
role in the success of the reaction. The crucid part in this reaction was to maintain the

temperature, as below 240°C the reaction doesn't start whereas at elevated temperature
beyond 260°C it starts to decompose.!

H,C,00C H,C,00C

| N CooR _< >_3(’)“H2 O N—COOR
© 22. RCH,CH, EtOH
\22a. R=C,H \

3la. R=CH,C H,; R'=H; (y.85%)
31b. R=CH2C6H5 R'=0Mé (v-80%)
3lc. R—CH CsHs: R'=Cl; (y.88%)
31d. R=CH,C Hy; R=NO;; (v.86%)

3le. R‘CH:CSHS R=NH,; (y.60%)

31f. RcH, = 7; R=H; (y 85%)
c
OH
R R
Fh,0 N POCI, =
S o N—COOR
reflux N—COOR ~— ol —
reflux
P N
N
\ N\
32a. R=CH,C,H, : R'=H; (¥.75%) 33a.R=CH,C,H,; R'=H (¥-58%)
32b. R=CH C H "R'=OMe (y.73%) 33b. R-CH C H R'=OMg (y.86%)
32c. RecpCop, | R=Cl (1:72%) 33t R=C,H; ° °; R'=Cl; (¥.65%)

32d. R-CHCH :R=NO,; (y.62%)

3% ReCH.GH. - R= NH; (decomposed product)
6 5

32f. R=C,H; © i R=H; (y.72%)

Scheme5
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Having the dedred quinoline in hand, a number of other derivatives were
prepared to establish the efficacy of the protocol as shown in the scheme 5. These
phenols were then subjected to reaction with POClL to furnish chloroquinoline @3a-33f) .
From scheme 5, it is evident that various subdtituted quinolines could be cydised with
equal ease. Compound 33b has bifunctiondity incorporated in the quinoline ring which
could be used to access two commercidly important derivatives of camptothecin viz.
topotecan & irinotecan. Compound 33b was therefore chosen as an important precursor
towards the total synthesis of disubstituted deoxycamptothecin.

% { 3ORHC -

7-chloro 10-methoxy
deoxycamptothecin

CH,NMe, HCl

Scheme 6

Thus, compound 33b was subjected to treatment with excess TMS (10
equivdents) in acetonitrile a room temperature. The TLC andyss after one hour showed
the complete consumption of darting materid with the formation of benzyl iodide as a
sde product. The amine was then condensed with carbethoxy acetyl chloride? in dry
dichloro methane with K,COj3 as the base to furnish amide 34 in 67% yidd. Oxidative
cleavage of 34 using osmium tetroxide (in catdytic amount) and NalO4 in dioxane/water
sysdem furnished ddehyde in 96% yidd, which without purification was directly
subjected to Wittig olefination with phosphorane (prepared from a-bromobutyrate and
triphenyl phosphing).® The a, b-unsaturated ester 35 was formed in 92% vield. The H
NMR of 35 showed triplet a 0.85 ppm and multiplet a 2.20 ppm integrating for 3 and 2
protons respectively which were assgned to the ethyl functiondity a to the ester. The
olefinic proton appeared a 6.95 ppm as a triplet integrating for 1 proton. IR spectrum
showed absorption at 1714.6 cni*suggesting the presence of a, b-unsaturated ester.
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Having assembled the requiste carbon framework required for camptothecin skeleton,
the compound 35 was then subjected for intramolecular Michael reaction as it had dl the
functiondities required to effect the-D ring condruction according to the protocol
developed in our laboratory.® Thus trestment of 35 with NaH in dry THF a room
temperature furnished tetrahydropyridone 36 in 85% yield.

Cl
MeO Iy
e
N 1Me,Sidl (10 eq.) MeO O
N—COOCH,CsHs Nal (10 eq.) acetonitrile ~ N
N/ RT 1 hr. 63% _
2,C|cocr|zcozo3c:2kg (1.5eq.) N COOC,Hg
33b K2CO; (2 eq.)DCM 3 hrs. 34
N\ 67% A\
Cl
1.0s0, (cat)NalO, (2.2 eq.) o
Dioxane:Water 3:1 4 hrs. MeO AN JJ\/
34 96% @ B|CN COOC,Hy
2. Ph, P=C(C,H,)C OOC,Hj (1.25 eq.) Pz
DCM 6 hrs., 92% N
35  \y—cooc,H,
MeO
DDQ (2 eq.)
35 —Nab/THE Dioxane
stir 0.5 hrs. COOC,H, reflux 1 hr.
85% 80%
COOC2H5
Cl
N AN
Z
cooc.H. _Dibal-H (3 eg.)
NN/ 25 "76°C, 2 hrs. N \ p
37 58%
COOG,Hs 38
COOC H
MeO
NaBH,(1 eq.)
38 —F——>
0C, 10 mins.
79% Y

7-chloro 10-methoxy
deoxycamptothecin

39 o
Scheme7
The *H NMR spectrum of 36 showed doublet at 3.6 ppm (3=8.0 Hz) integrating
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for 1 proton which was assigned to the active methine proton (NCO.CH-COOEt). The
doublets a 4.75 ppm and 5.2 ppm (J=16.1 Hz) and doublet of doublet a 5.50 ppm 4l
integrating for 1 proton each was assgned to the 3 pyrrolidine protons. The IR spectrum
showed absorption a 1732 cm® and 1658.7 cmi* suggesting the presence of saturated
eder and lactum functiondlity respectively.

Following the reported procedure® the compound 36 was subjected to oxidation
usng 2 equivdents of DDQ in refluxing dioxane, to furnish pyridone 37 in 80% yidd.
The *H NMR spectrum of 28 showed triplet a d 3.75 integrating for 1 proton which was
assigned to proton a to ethyl ester (CHsCH.CHCOOE). The dnglet a 53 ppm
integrating for 2 protons was assgned to the 2 benzylic protons of the quinoline ring. The
snglet at 7.45 ppm integrating for 1 proton was assgned to the pyridone proton.

Andogous to Kraisss' method for sdective reduction of diester, sdective
reduction of heteroaromatic ester was established in our laboratory earlier®, after careful
experimentation, conditions were established for sdective reduction of heteroaromatic
eder over diphatic ester. Thus when the compound 37 was treasted with 3 equivaents of
Dibd-H at -78°C in dry toluene for 2 hrs, aromatic ddehyde 38 was formed in 58% yield
with a small amount of polar inseparable products. The *H NMR spectrum of 38 showed
that the disappearance of peaks at 1.45 ppm and 4.15 ppm and the appearance of peak as
a snglet a 10.61 ppm clearly indicative the converson of heteroaromatic ethyl ester to
an ddehyde 38. Having achieved the sdective functiondisation of aromdic eder to
adehyde, the next task was to further reduce the ddehyde to acohol and lactonisation to
condruct E ring of camptothecin. Accordingly, the treatment of adehyde 38 with 1
equivdent of NaBH,; in THF/H,O at O°C furnished lactone 39 in good yidd. In the *H
NMR spectrum of 39 the triplet resonating a 3.65 ppm and integrating for 1 proton was
assigned to proton a ethyl moiety. The 2 gem coupled doublets a 5.4 ppm and 5.6 ppm
each integrating for 1 proton was assgned to the 2 a protons next to the oxygen (-CH,-
O-). The IR spectrum showed absorption a 17435 cm* and 1662.5 cm* corresponding
to the
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lactone and pyridone carbonyls respectively.

In concluson, a short and efficient synthess of disubstituted deoxycamptothecin
has been achieved in 14 short seps sarting from glycine ester. A noteworthy feature of
this synthesis is that this deriveive in turn could serve as an important synthon common
for the synthess of other two commercidly important derivatives of camptothecin viz.
irrinotecan and topotecan without putting any extra efforts to introduce substituents at 7
and 10 pogtion, which would otherwise, become very difficult directly from
camptothecin.
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Experimental Procedure:

Benzyl 3-allyl-9-hydroxy 2, 3-dihydro-1H-pyrrolo[4, 3-b]quinoline-2-carboxylate
32a:

OH
AN
N—COOCH.,C.H
_ 26" '5
N
N
32a

To a 2g (6.04 mmol) of &keto ester in 10 ml of ethyl acohol was added 0.56 g (7.55
mmol) of aniline, followed by the addition of 1 drop of dil. HCl. The solution was
refluxed for 15 hrs. The reaction mixture was then cooled and concentrated on rotary
evaporator. The resdue was then mixed with 25 ml 10% HCl solution, extracted with
2x25 ml portions of dichloromethane. The organic layer was then washed with 25ml of
saturated solution of NaHCOs; and findly with 25 ml of water. The solution was then
dried (anhydrous N&SO,), filtered and concentrated to furnish a resdue, which on
column purification furnished 2.0g of enaminein 85% yield.
The solution of 1g (2.8 mmoal) of enamine in 25ml of diphenyl ether was refluxed for 0.5
hr. The temperature was maintained between 240°C to 260°C. After the completion of
reaction, diphenyl ether was removed under high vacuum didillation. The resdue on
column purification (SO,) by EtOAc as duent furnished 0.67g of phenol 32a in 75%
yield asa sticky solid.
IR crrit: 1705, 1630, 1580, 1472, 1355.
'H NMR (200 MH2):d 2.7-3.2(m, 2H), 4.4-5.2(m, 3H). 5.3(s, 2H —CH,Ph), 5.35-5.5(m,
2H), 5.5-5.58(m, 1H), 7.3(m, 6H), 7.55(t, J=7.5 Hz 1H), 7.75(t, J=8 Hz 1H), 8.4(d,
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J8Hz 1H), 12.95(br s, 1H aromatic —OH).
13C NMR (50 MHz): 36 (t), 37 (t), 50.3 (t), 62.8 (d), 67.5 (t), 120 (t), 124 (d), 125 (d),
131 (d), 132 (d), 136.5(s), 141 (s), 151 (3), 154 (), 174 (S).

Benzyl 3-allyl-9-hydroxy 7-methoxy 2, 3-dihydro-1H-pyrrolo[4, 3-b]quindline-2-
car boxylate 32b:

OH
MeO N
N—COOCH,C(H
_ 2¥6 5
N
N
32b

To a 2g (6.04 mmol) of &keto ester in 10 ml of ethyl acohol was added 0.93g (7.55
mmol) of p-anisgdine, followed by the addition of 1 drop of dil.HCl. The solution was
refluxed for 15 hrs. The reaction mixture was then cooled and concentrated on rotary
evgporator. The resdue was then mixed with 25 ml 10% HCl solution, extracted with
2x25 ml portions of dichloromethane. The organic layer was then washed with 25 ml of
saturated solution of NaHCOs; and findly with 25 ml of water. The solution was then
dried over anhydrous N&SO,, filtered and concentrated to furnish a residue which on
column purification furnished 2.4g of condensation product in 80% yield. The solution of
19 (24 mmoal) of enamine in 150 ml of diphenyl ether was refluxed in bailing diphenyl
ether for 15 minutes. After the completion of reaction, diphenyl ether was removed under
high vacuum didillation. The resdue on column purification by EtOAc as duent
furnished 0.65g of phenol 32b in 73% yield as white coloured solid. m.p. 222.6°C.
'H NMR (200 MHz):d 2.5-3.00(m, 2H), 3.8(s, 3H — OMe), 4.3-5.00(m,5H), 5.2(s, 2H, -
CH,Ph), 5.2-5.5(m, 1H), 6.8-7.8(m, 8H), 12.2 (br s, 1H phenalic-OH).
13C NMR (50 MHZ):35.44(t), 36.83(t), 50.76(t), 55.2(q), 61.75(d), 66.97(t), 119.76(t),
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120.6(d), 126.6(d), 127.96(d), 128.98(d), 131.67(d), 156.11(s), 172.47(S).
Mass: 390, 349, 254, 214, 199, 171, 91.

Benzyl 3-allyl-9-hydroxy 7-chloro 2, 3-dihydro-1H-pyrrolo[4, 3-b]quindline-2-

car boxylate 32c; OH
Cl SN
| n—coocH,ch
N
N\
32c

To a 2g (6.04 mmol) of &keto ester in 10 ml of ethyl acohol was added 0.96g (7.55
mmol) of p-chloro aniline, followed by the addition of 1 drop of dil.LHCl. The solution
was refluxed for 15 hrs. The reaction mixture was then cooled and concentrated on rotary
evaporator. The resdue was then mixed with 25 ml 10% HCl solution, extracted with
2x25 ml portions of dichloromethane. The organic layer was then washed with 25ml of
saturated solution of NaHCOs; and findly with 25 ml of water. The solution was then
dried and concentrated which on column purification furnished 2.4g of enamine in 88%
yidd.
The solution of 1g (2.8 mmoal) of enamine in 25ml of diphenyl ether was refluxed for 0.5
hr. The temperature was maintained between 240°C to 260°C. After the completion of
reection, diphenyl ether was removed under high vacuum didillation. The resdue on
column purification by EtOAc as duent furnished 0.65g of phenol 32c in 72% yidd as
yelow coloured sticky solid.
IR cmi*:1708, 1633, 1566, 1463, 1407.
'H NMR (200 MH2): d 2.7-3.3 (m, 2H, -CH,-CH=CH,), 4.4-5.2 (m, 3H), 5.3 (s, 2H,—
CH,Ph), 5.55 (m, 1H, -CH,-CH=CHy), 7.35 (s, 5H, aromatic), 7.55 (d, J=8 Hz 1H), 7.65
(d, =8 Hz 1H), 8.3 (s, 1H), 12.85 (br s, 1H).
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13C NMR (50 MHz):36.26 (1), 37.4 (t), 50.63 (t), 62.95 (d), 67.84 (1), 120 (t), 121 (d), 124
(d), 126.6 (d), 127.97 (d), 128.78 (d), 131.39 (d), 132.68 (d), 139 (s, -C-Cl), 151.31 (9,
154.66 (3), 173.3 (9).

Mass: 394, 353, 219, 183, 91.

Benzyl 3-allyl-9-hydroxy 7-nitro 2, 3-dihydro-1H-pyrrolo[4, 3-b]quinoline-2-
carboxylate 32d:

OH
ON N
N—COOCH,CH
_ 276 5
N
N
32d

To a 1.5g (4.5 nmol) of &keto ester in 10 ml of ethyl acohol was added 0.78g(5.60
mmol) of p-nitroanilingfollowed by the addition of 1 drop of dil. HCl. The solution was
refluxed for 15 hrs. The reaction mixture was then cooled and concentrated on rotary
evaporator. The resdue was then mixed with 25 ml 10% HCl solution, extracted with
2x25 ml portions of dichloromethane. The organic layer was then washed with 25 ml of
saturated solution of NaHCOs; and findly with 25 ml of water. The solution was then
dried and concentrated which on column purification furnished 1.8g of condensgtion
product in 86% yield. The solution of 1g .(22 mmol) of enamine in 25 ml of diphenyl
ether was refluxed in boiling diphenyl ether for 45 minutes. After the completion of
reection, diphenyl ether was removed under high vacuum didtillation. The resdue on
column purification by EtOAc as duent furnished 0.56g of phenol 32d in 62% yield. m.p.
231.5° C.

IR cmi*:3203, 3018, 1701, 1641, 1471, 1456, 1340, 1227, 1072.
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IH NMR (200 MHz).d 2.7-3.3 (m, 2H), 44.3 (m, 2H), 4.35-5.00 (m, 3H), 5.5 (M,
1H), 7.2 (m, 5H, Ph), 7.35 (d, 1H J=8 Hz), 8.25 (d, 1H J=8 Hz), 8.9 (s, 1H), 12.35 (br
s,1H).

13C NMR (50 MHz):34.88 (1), 36.21 (1), 49.99 (1), 62.49 (d), 66.68 (t), 119.65 (t),
120.68(d), 121.67 (d), 126.19(d), 127.85 (d), 128.36 (d), 128.95 (d), 131.96 (d), 136.92
(9), 142.81 (5), 144.17 (s), 150.41 (s), 153.69 (5), 171.99 (S).

Mass: 405, 364, 271, 230, 184, 91.

General procedurefor chlorination of phenal:

To a1 mmol solution of phenol in 10 ml of diphenylether, was added 1.2 mmol of POCl.
The solution was then refluxed for 4 hrs. After completion of reaction, it was cooled and
guenched with 25 ml of ice cold water. The solution was then neutrdised with 25 ml of
liguor ammonia solution and extracted with 25x3 ml portions of EtOAc. The organic
layer was then concentrated and the compound was purified through column
chromatography (SO5).

Benzyl 3-allyl-9-chloro 2, 3-dihydro-1H-pyrrolo[4, 3-b]quinoline-2-car boxylate 33a:

cl
AN
N—COOCH,C.H
_ 26" '5
N
33a N

Appearance : viscous liquid.
Yied: 58%
IR cmit: 1715, 1626, 1590, 1411, 1385, 1260.
'H NMR (200 MHZ): d 2.7-3.3 (m, 2H), 4.3(m, 1H), 4.6-5.2 (m, 4H), 5.3 (s, 1H), 5.5 (m,
1H), 7.4(m, 5H), 7.7(t, I=7 Hz 1H), 7.9 (t, J=7 Hz 1H), 8.2 (d, J=8 Hz 1H), 8.3 (d, =8
Hz 1H).
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13C NMR (50 MHz): 37.00(t), 38.36(t), 50.0(t), 64.05(d), 67.0(t), 120(t), 123.5(d),
127.3(d), 128(d), 130(d), 132(d), 136(s), 149(s), 154.81(s), 162(s).
Mass: 378, 245, 202, 91.

Benzyl 3-allyl-9-chloro-7-methoxy 2, 3-dihydro-1H-pyrrolo[4, 3-b]quindline-2-
carboxylate 33b:

c
MeO N
) N—COOCHLC,H,
N
N\
33b

Appearance : viscous liquid.

Yield: 86%

IR cmt: 1702, 1622, 1502, 1456, 1424, 1180.

'H NMR (200 MH2):d 2.7-3.4(m, 2H), 4.05(s, 3H —OMe), 4.6-5(m, 4H), 5.3(s, 2H),
5.5(m, 1H -CH=CH), 7.4(m, 7H), 8.1(br s. 1H).

13C NMR (50 MHz): 36.85 (t), 38.21 (t), 50.16 (d), 55.38 (), 63.17 (d), 63.72 (d), 66.88
(), 100.99 (d), 118.93 (t), 122.39 (d), 126.1 (d), 127.97 (d), 128.38 (d), 130.69 (d),
132.16 (d), 136.57 (s), 144.99 (s), 154.05 (s), 158.37 (S).

Mass: 408, 367, 274, 232, 198, 91.

Ethyl-2-carbethoxy acetyl 3-allyl-9-chloro-7-methoxy 2, 3-dihydro-1H-pyrrolo[4, 3-

b]quinoline 34: cl o
MeO §

=
N COOC,H,

34 N\
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To a dirred solution of 1.2g (29 mmal) of chloroquinoline 33b and 4.4g (29 mmol) of
Nal in dry acetonitrile, was added 3.2g (29 mmol) of MesSICl dropwise under N
amosphere. The reaction mixture was girred for 1 hr, and after completion of reaction
(TLC) 25 ml of 20% solution of N&S,0O3 was added and aqueous phase was extracted
with 3x30 ml portions of EtOAc. The combined organic layer was then mixed with 50 ml
of 20% solution of HCl, whereby pure amine goes into the agueous layer. The agueous
layer was further extracted with 2x20 ml portions of EtOAc. The aqueous layer was then
neutrdized with 50 ml of liquor ammonia, which was then extracted with 3x20 ml
portions of DCM. The combined organic layer was then dried usng NaSO,, filtered and
concentrated to furnish 0.51g of pure aminein 63% yied as viscous liquid.

To this ice cold dirred solution of 051g (1.86 mmol) of amine in 25 ml of
dichloromethane, was added 0.52g (3.72 mmol) of K,COs and 0.42g (2.79 mmol) of
carbethoxyacetyl chloride dropwise. The solution was stirred for 3 hrs, and a the end of
reaction 25 ml of water was added. The organic layer was then separated and the aqueous
layer was extracted with dichloromethane (2x25 ml). The combined organic layer was
dried over N&SO,, filtered and concentrated to furnish a resdue which on column
purification furnished 0.499 of amide 34 asviscous ail in 67% yidd.

IR crri*:1660.

'H NMR (200 MHz):d 0.8 (t, 3H 38 Hz HsCCH,), 2.8-3.3 (m, 2H H,C-CH=CH,), 3.35
(d, 1H J2 Hz H,CCOOC;Hs), 3.6 (d, 1H J=2 Hz H,CCOOC;Hs), 4.0 (s, 3H HsC-0),
4.25 (g, 2H, =7 Hz COOCH,CHg), 4.3 (t, 6 Hz 1H), 4.8-5.15 (m, 2H), 5.15-5.7 (m,
2H), 6.9 (m, 1H), 7.15 (s, 1H), 7.45 (d, J=8 Hz 1H), 8.05 (d, J=8 Hz 1H).

13C NMR (50 MHZ): 13.82 (q), 36.08 (t), 39.06 (t), 41.89 (t), 50.93 (t), 51.63 (t), 55.30
(0), 61.26 (t), 63.39 (d), 100.88 (d), 102.87 (d), 119 (t), 120.03 (d), 121.76 (d), 127.13
(d), 128.19 (d), 131.65 (d), 131.87 (d), 145.12 (s), 157.36 (s), 158.32 (s), 164.49 (9),
166.81 ().

Mass: 388, 233.
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Ethyl-2-carbethoxy acetyl 9-chloro-7-methoxy 1, 3-dihydro-2H-pyrrolo[4, 3-
b]quinaline-3-[(2-alkyl)-2-butenoate] 35:

To a gtirred solution of 0.45g (1.16 mmol) of amide 34 in 6ml of 1, 4dioxane and 2 ml of
water was added, a catalytic amount of OsO4 and was dirred continuoudy for 5 mins, a
black coloured complex appeared. To this complex was added 0.55g (2.55 mmol) of
NalO4 in smdl portions a a time, the solution was dirred further for 4 hrs After
completion of reaction, 10 ml of water was added and the crude adehyde was extracted
with 2x25 ml of ethyl acetate. The combined organic layer was dried over anhydrous
NaSOq, filtered and concentrated under reduced pressure to furnish 0.45g of adehyde in
96% vyidd. To a crude solution of 045g (1.15 mmol) of ddehyde in 10 ml of
dichloromethane was added 054g (143 mmol) of Wittig st (prepared from a
bromobutyrate and triphenyl phosphine), the solution was girred a room temperature
under N, amosphere for 6 hrs. The reaction mixture was then concentrated under
reduced pressure to furnish a resdue which on column purification (SO2) furnished
0.52g of a, b-unsaturated ester 35 in 92% yield asaviscous ail.
IR cmit: 1714.6.
'H NMR (200 MHz):d 0.8 (t, 3H J=8 Hz HsC-CH,), 1.2 (t, 3H J7 Hz -COOCH,CHj),
1.3 (t, 3H JF7 Hz -COOCH,CHj3), 2.2 (m, 3H), 3.1 (m, 1H), 3.4 (d, =2 Hz 1H), 3.6 (d,
J2 Hz 1H), 3.95 (s, 3H H3C-0), 4.1 (q, 2H J=7 Hz -COOCH,CHs), 4.25 (g, 2H J7 Hz
COOCH,CHjz), 4.4-5.1 (m, 2H), 5.5 (d, 1H J17 Hz), 6.5 (t, 1H J=7 Hz oléfinic), 6.9 (s,
1H), 7.45 (d, J=7 Hz 1H), 8.05 (d, J=7 Hz 1H).
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13C NMR (50 MHz): 13.6 (q), 13.8 (g), 19.67 (t), 31.28 (t), 41.50 (t), 41.94 (t), 50.91 (1),
52.05 (t), 55.4 (q), 59.99 (t), 61.32 (t), 62.20 (t), 63.15 (d), 101.05 (d), 101.71 (d), 122.99
(d), 126.23 (s), 126.5 (s), 130.53 (d), 134.24 (d), 145.23 (s), 157.51 (9), 158.54 (9),
159.35(s), 164.71 (s), 166.99 (9).
Mass: 347, 233, 91.
7-[1-Ethoxycarbonyl)-propyl]-5b, 6, 7, 8, 9, 11-hexahydro-8-(ethoxycarbonyl)-
indolizino[1,2-b] chloro methoxy quinoline-9-one 36:

Cl

MeO N o
N COOCH,

COOC,H,

36
To a dirred suspenson of 0.038g (1.6 mmol) of NaH (50% suspension in oil prewashed
with 3x5 ml of dry pet.ether) in 5ml of dy THF was added 0.4g (0.82 mmol) of
compound 35 in 2ml of THF dropwise. The solution was girred for 45 minutes. At the
end of the reaction 10 ml saturated solution of ammonium chloride was added. The
aqueous layer was extracted with 3x10 ml of EtOAc. The combined organic layer was
then dried over N&SO,, filtered and concentrated under reduced pressure. Column
purification (SO-) of the resdue furnished 0.34g of tetrahydropyridone 36 in 85% yidd
asaviscous liquid.
IR cmit: 1732, 1658.7.
'H NMR (200 MHz):d 1.00 (t, 3H J7 Hz —H,CCHg), 1.3 (t, 3H J=7 Hz -COOCH,CHy),
1.35 (t, =7 Hz -COOCH,CHj3), 1.65-2.1 (m, 2H CH,CHs), 2.25-3.0 (m, 2H), 3.6(d, 1H
J=8 Hz COCHCOOEt), 4.0 (s, 3H OCHjs), 4.25 (m, 2H COOCH,CHj3), 4.5-5.5 (m, 2H),
7.45 (m, 2H), 8.0 (d, ;=8 Hz 1H).
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13C NMR (50 MH2): 12.19 (g), 14.02 (g), 23.07 (t), 28.62 (t), 35.2 (d), 48.3 (1), 49.09 (d),
51.7 (d), 55.23 (), 59.3 (d), 60.26 (t), 61.07 (t), 100.99 (d), 122.61 (d), 127.09 (S),
131.28 (d), 135.77 (5), 145.62 (5), 159.11 (s), 166.57 (5), 169.69 (S), 173.99 (3).

Mass: 488, 413, 299, 246.

8-(Ethoxycarbonyl)-7-[1-(ehoxycarbonyl)propyl]-9, 11-dihydroxyindolizino [1, 2Db]
chloro methoxy quinoline-9-one 37:

cl
MeO § 0
N
=
N \ /) —COOCH,

COOC,H,

37
To a solution of 0.2g (0.41 mmoal) of tetrahydropyridone 36 in 5 ml of dioxane was added
0.19g (0.82 mmol) of DDQ. The solution was refluxed for 1 hr. After completion of the
reaction the mixture was cooled and diluted with 10 ml of benzene followed by the
addition of 10 ml of saurated solution of NaHCOs. The organic layer was separated
whereas the aqueous layer was further extracted with 2x10 ml of benzene. The combined
organic layer was dried over NaSO,, filtered and concentrated under reduced pressure to
furnish a resdue which on column purification (SO>) furnished 0.16g of pyridone 37 as
ydlow coloured solid in 80% yidd. m.p. 222.6°C.
IR cmit: 1606, 1558.7, 1732.
'H NMR (200 MH2): d 1.05 (t, 3H J7.5 Hz CH,CHs), 1.25 (t, 3H JX75 Hz
COOCH,CHs3), 1.45 (t, 3H J7 Hz COOCH,CHgs), 1.95 (m, 1H, CH,CHj3), 2.25 (m, 1H
CHoCHs), 3.75 (t, 1H J=8 Hz), 4.05 (s, 3H H3C-0), 4.2 (q, 2H 7 Hz), 45 (q, 2H J=8
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MH?2), 5.3 (s, 2H NCHy), 7.35 (5), 7.45 (s), 7.52 (d 1H J=8 Hz), 8.15 (d 1H J=8 Hz).

13C NMR (50 MHz): 11.96 (q), 14.2 (q), 14.3 (q), 25.75 (1), 50.01 (d), 55.67 (q), 61.51
(t), 61.9 (t), 99.2 (d), 101.06 (d), 124.04 (d), 124.99 (s), 128.01 (5), 131.72 (d), 135.54 (9,
145.8 (5), 149.29 (s), 150.54 (), 157.85 (s), 159.89 (5), 165.65 (s), 171.56 (9).

Mass : 484, 439, 382, 265.

8-(Formyl)-7-[1-(ethoxycarbony)propyl]-9,  11-dihydroindolizino  [1,  2b]-chloro
methoxy quinoline-9-one 38:

Cl
MeO X o)
N
—
N \ / CHO

COOC,H,

38

To a 0.03g (0.06 mmol) of pyridone 37 in 12 ml of dry toluene was added 0.094 ml (0.18
mmol) of Diba-H (2M solution in toluene) dropwise a -78°C under argon amosphere.
The mixture was dlowed to dir a -78°C for an additional 2 hrs. The reaction was
quenched with 0.094 ml MeOH and 0.025 ml water, the reaction mixture was then
warmed to room temperature. The gdatinous precipitate was filtered through cdlite and
the celite washed thoroughly with ethyl acetate. Concentration of the solution on rotary
evaporator furnished crude adehyde, which was purified by column chromatography
using 50% ethyl acetate-pet.ether as duent to furnish 0.016g of pure ddehyde 38 in 58%
yield asaviscous liquid.
IR cm't: 1732, 1678, 1652, 1625, 1514.
'H NMR (200 MHz): d 1.05 (t, 3H, J=7 Hz H,CCHs), 1.25 (t, 3H J=7 Hz COOCH,CH),
1.9 (m, 1H), 2.25 (m, 1H), 4.05 (s, 3H OMe), 5.15 (t, 1H J=7 Hz), 5.35 (s, 2H, NCH)>),
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7.3 (s, 1H), 7.5 (s, 1H), 7.55 (d, 1H), 8.1 (d, 1H), 10.6 (s, 1H —CHO).

13C NMR (50 MH2): 11.69 (q), 13.82 (q), 25.62 (1), 46.80 (d), 49.96 (t), 55.62 (q), 66.76
(t), 100.2 (d), 101.2 (d), 124.21 (d), 127.7 (5), 128.55 (), 131.72 (d), 135.54 (5), 146.01
(), 148.69 (s), 157.95 (s), 160.19 (s), 161.96 (s), 171.99 (s), 191.73 (d).

Mass : 440, 395, 366.

Deoxy-4-ethyl-1H-pyrano[3', 4':6, 7]indolizino[1, 2b] chloro methoxy quinoline-3,
14[4H, 12H]-dione 39:

Cl
MeO N 0
N
—
N \ /
@)
(@]
39

To 0.007g (0.016 mmol ) of ddehyde 38 in2 ml of THF and 0.2 ml of HO at °C was
added 0.0006g (0.016 mmol) of NaBH4 and stirred for 10 mins. The reaction mixture was
quenched with 3 ml of 10% HCl| and extracted with chloroform. The organic layer was
separated and aqueous layer was further extracted with 2x5 ml portions of chloroform.
The combined organic layer was then dried over NaSOs, filtered and then concentrated
under reduced pressure, the resdue on column purification usng 60% ethyl acetate-
pet.ether as duent furnished 0.005g of deoxycamptothecin 39 in 79% yidd as gicky
yelowish solid. m.p. 264.5°C.

IR cmit:1743.5, 1662.5, 1608.5, 1242.1.

'H NMR (200 MHz):d 1.1 (t, 3H J=7 Hz H3CCH,), 2.15 (m, 2H), 3.65 (t, 1H, J6.2 Hz),
4.05 (s, 3H OCHa), 5.35 (s, 2H NCHj), 5.38 (d, 1H, J=16.68 Hz), 5.58 (d, 1H, J=16.68
Hz), 7.1 (s, 1H), 7.5 (s, 1H),7.55 (d, 1H =8 Hz), 8.1 (d, 1H ;=8 H2).
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13C NMR (125 MHz): 11 (q), 24.99 (1), 45.57 (d), 49.79 (t), 55.59 (q), 65.70 (t), 99.22
(d). 101.31 (d), 120.33 (), 123.99 (d), 127.70 (), 131.36 (d), 135.85 (), 145.71 (9,
146.96 (5), 149.28 (5), 159.74 (5), 170.42 (9).

Mass : 396, 325, 265.

70



Total synthesis of 7-chloro, 10-methoxy deoxycamptothecin

References:

1. Shamma, M.; Novak, L.Collect Czech. Chem. Comm. 35, 1970, 3280.

2. Stork, G.; Shultz, A. G. J. Am. Chem. Soc., 93, 1971, 4074.

3. Kuchar, M.; Kakac, B.; Nemecek, O.; Kraus, E.; Holubek, J. Collect Czech, Chem.
Com., 38, 1973, 447.

4. Kametani, T.; Ohsawa, T.; lhara, M. J. Chem. Soc. Perkin Trans, 1, 1981, 1563.

5. Kraiss, G.; Povarny, T.; Schieber, P.; Nador, K. Tetrahedron Lett., 1973, 2359.

6.Chavan, S. P.; Venkatraman, M. S. Tetrahedron Letters, 39, 1998, 6745.

71



Total synthesis of 7-chloro, 10-methoxy deoxycamptothecin

N—COOCH,CH
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OH

N—COOCH,C¢Hs

\

N\
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Dept of benzyl 3-allyl-9-hydroxy 2, 3-dihydro-1H-pyrrolo[4, 3-b]quindline-2-
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Chapter 2:

Section (a) :

Use of FeCls and FeCls; adsorbed on silica as efficient Lewis acid

catalyst in lonic Diels-Alder reactions of a, b-unsaturated acetals.

The Dids-Alder reactions is a very powerful tool in the arsend of synthetic chemids.
This reaction, due to its generdity, efficiency and excdlent regio- and stereocontrol has
been extensvely utilized for condruction of Ix membered rings. The ionic Dids-Alder
reaction, which was first observed by Gassman et al.! is another variant of the Dids-
Alder reaction which involves ionic intermediates (cations) as extremey powerful
dienophiles. Advantages of the ionic Dids-Alder reaction over conventiond Dids-Alder
reections is the excdlent dsereo, and regiosdectivity exhibited by them. Dienophiles
utilised in ionic Dids-Alder reections are neutra species which are transently converted
to charged species in situ and undergo facile Dids-Alder reection to furnish the neutrd
adducts. Thus, the dienophiles which are ungtable and/or undergo polymerization under
normd Diels-Alder reactions can be handled efficiently and conveniently as their acetds
which are stable and can be stored without decomposition. A variety of Bronsted Acids
and Lewis acid TfOH,2 TMSOTY,® CF3SOsSi(CHs)s,* BF3(OEL)2,° Etz:O'BF,,° trifluoro
acetic anhydride,” CF3SOsH,2 dectro-generated acid,® TiCly-Ti(OFPr)a, ™t 15,12 LiCIO4, "
LiCIO4 (or Nafion-H)*® and very recently InCk'*° (after completion of the present work)
have been utilised as catdyds to effect 4P +2P cycloaddition . Although a variety of
acids*891113.19&b e known to catdyse the ionic Diels-Alder reactions, most of them are
gther very drong, and employ harsh conditions as wdl as involve use of hazardous

reagents and involve unattractive reaction conditions thereby limiting their usage.
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Literature methods:
Literature methods describing ionic Dids-Alder reactions have been categorized
and presented according to the acids/reagents used to effect these reactions.

(1). lonic Diels-Alder reaction of a, b-unsaturated acetals using triflic acid :2
Gassman, P. G.; Singleton, D. A.; Wilwerding, J. J; Chavan, S. P.; J. Am. Chem. Soc.
1987, 109, 2182-2184.

Scheme 1.
N (Nn
ZZN -
X--7 CHCl,, -78C
2
1 3 o

10 mmol 5 mmol O\)

(a) R= -CH(OC2H5)2 31-61%
O,

CLENEE 63 -100 %

(1). 0.1 mmal (2 mal %) of triflic acid in 1,1,2-trichloro- 1,2, 2-trifluoro ethane.

Different types of 1, 3dienes and acetds in dichloromethane a -78°C with 2 mol%
of triflic acid in 1, 1, 2trichloro-1, 2, 2trifluoroethane were shown to give good yields of
the corresponding Dids-Alder adducts as shown in the aove scheme-1. In this study
acetds derived from ethylene glycol were shown to furnish high yields of the adducts.

(2). Using trimethyl slyl triflate with acyclic orthoesters (triethyl orthoacrylate)
dienophiles ;3

Gassman, P. G ; Chavan S.P.; J. Org. Chem. 1988, 53, 2392-2394.

Scheme 2:

Later the concept of ionic Diels-Alder reaction was extended to acyclic orthoesters.
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Thus 3, 3, 3triethoxy propene (triethyl orthoacrylate) was added to a series of 1,
3 dienes in the presence of trimethyl syl triflate a8 —78 to 0°C to produce 53-83% yields

SF

Me,SiOSO,CF, +
CH,=CH-C(OEt),| ———=
5

=CH- —_—
CH, C;H (OB, 0°C, 0.3 hrs.

62% COOC,H,
7

of the adduct.

As shown in the above scheme 2, 1, 1-diethoxy dlyl cation 5 is an extremdy
powerful dienophilein Dids-Alder reaction under very mild conditions. In their sudy the
intermediacy of 5 was demonstrated by trapping experiments as well as spectrd anaysis.

(3). Using trimethylsilyl triflate as Lewis acid with triethyl orthopropiolate: *

Gassman, P. G.; Chavan, S. P.; Tetrahedron Letters, 1988, 29, 3407-3410.
Scheme 3:

(N

~ OEt ;
ZZN CF Si(CH
J— OEt 3503Si( 3)1
G goa 78C- 15:C
8 05-22hr 9  COOEt

37- 78%

The use of dlyl cation and propargyl cations as powerful low-temperature dienophiles in
the Dids-Alder reactions was established by now. An extenson of this concept was used
in this methodology which involved the cycloaddition of acrolein acetds and vinyl ortho
esters ot 1, 3-dienes a lowtemperature. Thus, 3, 3, 3-triethoxypropyne (triethyl
orthopropiolate) was added to a series of 1, 3-dienes a low temperature in the presence of
trimethyldilyl triflate to yidd the 4i+2] products of the forma addition of ethyl
propiolate to the 1, 3-dienes.
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(4). Using boron trifluoride-diethyl ether : °
Gassman, P. G; Chavan. S. P. J. Chem. Soc. Chem. Commun, 1989, 837

Scheme 4:
BF4(OEY),
( J\/ 78C-25C 2
4hrs mo 1

55-85%

Here the concept was extended to cyclic orthoester and the present study indicated the
retention of cyclic orthoester in the product. The authors reported that cyclic orthoester,
1-vinyl-4-methyl-2, 6, 7-trioxabicyclo[2.2.2]octane underwent cycloaddition resections
with various cydic and acyclic 1, 3-dienes a low temperature with boron trifluoride-
diethyl ether as cadyd, to furnish Dies-Alder adduct with overdl retention of orthoester
protecting group in moderate to good yidlds.

(5). Diels-Alder reactionsinvolving amides using EtsO*BF; :°
Jung, M. E.; Vaccaro, W. D.; Buszek, K. R. Tetrahedron Letters, 1989, 30, 1893-1896
Scheme5:

(M7 mose [\ O
_

N~ "H N ’
CHCI,/25C Be, 12h
N 4
\/KO - \)L*o £ ®C ) S
12 13 14 ) Y
iP |:_|
+ H,0
2hr
16 COOEt N 25C
o iP A 84%
1Pr z
H
(1:2.3) 15
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The opticdly active vinyl dkoxy iminium sdt with cyclopentadiene were reacted to give
the opticdly active amidesin high yields and with good diastereosdlectivity.

(6). Reactionsinvolving oxazoline using trifluor o acetic anhydride :”
Povilhes. A.; Uriate, E; et al. Tetrahedron Letters, 1989, 30, 1395.
Scheme 6:

The authors used chird & &unsaturated oxazoline which was activated with
trifluoro acetic anydride as potent dienophiles in the Diels-Alder reactions. The oxazoline
on reaction with trifluoro acetic anhydride generaes very reective 4 & unsaturated acyl
immonium intermediate 15 which reacts with 1, 3dienes to give the corresponding Diels-

Alder adducts exclusvely as endo isomer.

)I (CF,C0,),0 /
16 17
@ & cor

(73% Exclusively endo)

(7). Electrogenerated acid °
Inokuchi, T.; Tory, S,; Sin-ichi, T. J.0rg, Chem, 1990, 55, 3958
Scheme 7:

The dectrogenerated acid catalysed reactions of enone acetals and 1, 3-dienes was
performed by usng eectrodes in dichloromethane containing lithium perchlorate and
tetrabutyl ammonium perchlorate as a source of acid cadys. The dectrolyss was
carried out at - 78[1C under a congtant applied voltage of 15V for 0.2F/mol of eectricity.
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A vaiety of cydic and acydic dienes were reacted with a, b-unsaturated acetals to
furnish the corresponding adducts in moderate to excdllent yieds.

(Nn
=z \\\ O O EGA R
-

R —=_ > :
v ‘><R 20-85% : 26
1 | 25 o No
R=H, Alkyl \/

(8). Using different Lewis acid with dienophiles from 2, 2-dimethoxy-ethyl acrylate,
2-oxopropyl acrylate or 2-oxocyclopentyl acrylate: °

Hashimoto,Y .; Saigo. K.; Nagashima, T.; Kobayashi, K.; Hasegawa, M. Tetrahedron,
1993, 6349.
Scheme 8:

On treatment with a Lewis acid, 2, 2-dimethoxy ethyl acrylate was readily transformed
into a reactive cationic dienophile, and it reacted with dienes under mild conditions to
give Dids-Alder adducts in good yields with high stereo- and/or regiosdectivity.

o

\)L OMe @ Lewis acid
oY CH,Cl, - 78C e

OMe
24 hrs (0]
27 29 [e) OMe

A mixture of endo and exo isomers
asshown in the table 1
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Tablel
TheDiels-Alder Reactionsof 2, 2-Dimethoxy ethyl acrylatewith 1, 3-cyclopentadienein the

presence of various L ewis acids

No. Lewis acids Yield (%) endo : exo
1. TiCls 85 25:1
2. MesSiOTf 41 34:1
3. BF3.0OEt 21 69:1
4. SnCly 28 11:1
5. GaCls 84 45:1

(9). Use of TiCl4/Ti(O i-Pr)4 as Lewis acid catalyst :1°
Sammakia, T. and Berliner, M. A. J. Org. Chem. 1994, 59, 6890-6891.
Scheme 9:

Chird & &unsaturated acetds derived from 2, 4-pentanediol were shown to
undergo Dids-Alder reactions in the presence of equimolar mixture of TiCly, and Ti(O +
Pr)4 with dienes. The advantages of this catays are asfollows.

It is very mild and has to be used in greater than Stoichiometric quantities. However,
under these conditions no decompostion of the darting materids was observed. It
therefore provides products in good selectivities and yields under mild conditions.

ELO \i TiCly + Ti (Oi-Pr)s. o H
+ »

oA N -78C, 05Mhr 2 o> ( >
o a £ 32

(75:1)
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(10). Using |, as Lewisacid :**
Kitagawa, O.; Aoki, K.; Inove, T.; Taguchi, T. Tetrahedron Letters, 1995, 36, 593-596.
Scheme 10:

H n Ha BN
Hn\/l;(?\l\/& !, HWN"’I_ @
e o = DMF He 5,0 DMF

I o
-78C

1hr.

|Bn
- . n
% O”BU4N+ E\)\ (88%, endo/ex0=6.3)
- O I \ 0, —=0.
5

The Dids-Alder reaction of N-dlylic enamide and & &unsaurated lactam
derivatives proceeded in the presence of |, a low temperature through a cationic
iodol actonisation intermediate.

(11). 4M LiClO4 and 1 mol% Camphor sulphonic acid :*
Grieco, P. A.; Callins, J. L.; Handes, S. T. Synlett, 1995, 1155-1157
Scheme 11:

o_ o0 40MmLiclo,Et,0 O
+
1.0 mol% CSA
30 min.
37 38 96% H 39

Ketds and orthoesters of unsaturated ketones and edters, respectively, undergo
inter- and intramolecular ionic Dids-Alder reactions in the presence of 4.0-5.0M LiClIO;-
diethyl ether containing afew mol% of camphor sulphonic acid.
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12). Use of LiClO, as Lewis acid :**?
Vankar, P. S;; Reddy, M. V.; Kumaresvaran, R.; Pitre, S. V.; Roy, R.; Vankar, Y. D
Tetrahedron, 1999, 55, 1099-1110.
Scheme 12 :

A vaiety of achird olefinic acetds were shown to react with isoprene and
cyclopentadiene to form the cycloadducts in good to excellent yieds when catalysed by
4M LiClO4 in nitromethane or by Nafion-H in dichloromethane.

Liclo,

= 0O
+ %] -
§ o nitromethane
31 40

o)
5 hrs. 72% 0\7 M

(13). Use of Indium trichloride as Lewis acid :**® Reddy, G.; Kumaresvaran, R
Vankar, Y. D. Tetrahedron Letters, 2000, 41, 10333-

10336.
Scheme 13:;
PhL INCl, (20 mol%) \Oi;
\( 4 ] _ .
X OJ nitromethane j
31 42 13 hrs. 64% O

After completion of the present work. Vankar €. d. ﬁéve demondtrated the utility of
InCl; as an efficdent Lewis acid cadyd. Indium trichloride (20 mol%) in nitromethane
dlows ionic Dids-Alder reaction of a variety of 2, 3-olefinic acetds to form the
corresponding cycloadductsin good yields with good endo sdectivities.

(14). Use of MgBr, as Lewisacid :**
Ph. D. thesisof Krishna S. Ethiraj submitted to University of Pune June 1998
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4 hrs, 4% g
45 65% NS

| MgBr, (0.5eq.)
—_—
+ \0) 0°C-RT
44 °

Our group has aready demondrated the utility of MgBr, as Lewis add in ionic Dids-
Alder reaction. The oxophilic propensity of MgBr.1516 was exploieted and MgBr:
was shown to be a mild reagent to effect ionic Diels-Alder reaction. Good to
excellent yields

of the adduct were obtained by utilising MgBr; as Lewis acid.
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Present work :

FeCl; is a unique resgent which can function eficiently both as a Lewis acid as
well as an oxidant. During the course of our study in the Dids-Alder reaction we became
interested in exploring the utility of FeCk as the Lewis acid due to its ready availability
and its price. The use of FeCk as Lewis acid is very well documented in the literature’®
4 however, its utility has not been explored in ionic Diels-Alder reactions. We subjected
the a,b-unsaturated acetals to Dids-Alder reaction with both cyclic and acydlic dienes in
the presence of FeClz as a Lewis aid. It was observed that reaction of 2 equivaents of
cyclopentadiene 1 with 2-(-propenyl) 1, 3-dioxolane 2 as the dienophile in dry
dichloromethane a room temperature for 4 hrs. usng 0.1 eq. FeCk fumished 2-
(bicydo[2.2.1]hept-5-ene-2-yl 3-methyl) dioxolane 3 in  82% vyidd. The product was
formed as a mixture of exo and endo adducts. In the *H NMR spectrum, the emergence of
doublets at 4.2 and 4.7 indicated that the ratio of endo to exois5.7:1.

In order to generdise the utility of FeCk as the catalys, a variety of acetds were
subjected to reactions with a variety of cyclic and acyclic dienes. Excdlent to moderate
yields were obtained as shown in tablel, entries 1-9. In order to test the generdity and
limitations of our methodology we subjected a,b-unsaturated acetds (entries 1, 2 and 3)
subdtituted at different pogtions to the ionic Dids-Alder reaction. It was observed that
acetals derived from ddehydes as well as ketones participated well in the ionic Dids-
Alder reactions (entries 13 table 1). With isoprene 8 as diene (10 eq.), (entry 6) reaction
with 2(1-propenyl)-1, 3-dioxolane 2 as dienophile at OC, the adduct 2(1, 5 dimethyl-1-
cyclohexen-4-yl) dioxolane 11 was obtaned in only 37% vyidd, but on incressng the
amount of catalyst to 0.3 eg., and decreasing the amount of diene from 10 eg. to 1.5 eg.
and reection time to 1.5 hrs, the yidd was increased to 65%. Further increasing the
amount of catalyst furnished only polymerized product. It is pertinent to mention that the
yield obtained with the reaction of 2, 3-dimethyl butadiene with 6 usng FeCk as the
catalyst was better than the one obtained by the use of dectrogenerated acid'® aswell as
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Table 1

Cycloaddition reactions of dienes and dienophiles using FeCl; as catalyst

Emry  Diene Dienophile Product Method Yield %
(Endo:Exo)

aore
(85:15)

Ph
| Ph .
\O] o ta (31)
q \)

E
i

79%*

~ D D
- S
W07y

/4
$

45+

<~
AR

12 13 ©
X X
8 la a3
X o
o
14 OJ
I | )
9 Ic ¢
s o
15 6 O

Method: 1a. diene:dienophile, 2:1, FeCls, (0.1eq.), DCM, RT, 4 hrs. 1b. diene:dienophile, 10:1, FeCls, (0.1eq,), DCM, 0C, 4hrs 1c.
diene:dienophile, 2:1, FeCls, (0.15eg.), DCM, RT, 4 hrs. 1d. diene:dienophile, 1.25:1, FeCls, (0.3eq.), DCM, (°C-RT, 15hrs 6:1
(regioisomers). * reported in the literature (ref. 10). **reported in the literature (ref. 11b)

Yb(OTf)3, Sc(OTf)s'P which were recently shown to be inactive in ionic Dids-Alder
reactions with a smilar dienophile (entry 8). In generd it was observed that cyclic dienes
participate well as compared to acyclic dienes.
Another point worthy of note isthat the reaction of acydic dienophilei.e. 3, 3-
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diethoxy-1-propene 17 with acydic dienes under smilar reaction conditions as compared
with the corresponding cycdic acetd 2-ethenyl-1, 3-dioxolane 15 furnished only
polymerised product with FeClk (0.1 eqg.) as the catdyst. Extensive polymerization was
aso observed when the reaction between 3, 3 diethoxy-1-propene 17 and cyclopentadiene
(2 eq.) 1 was peaformed usng 0.1 eq. of cadyst. Decreasng the amount of catalyst and
lowering the temperature of reaction to -70°C did not lead to the formation of desired
product.

Having faled to get the desred cycloaddition product it was thought that the very
high reectivity of the in situ generaed dienophile, its tendency to undergo facile
undesired reactions, coupled with the harsh nature of the Lewis acid were responsble for
these polymerisation reactions. The reactivity of FeCk could be readily moderated by its
adsorption on slica, which acted as solid support for this Lewis acid catdy4t. In literature
the use of FeClz adsorbed on slica is wdl known in some other chemicd
transformation.’®® |t was gratifying to note that dramatic results were achieved (Table I1)
when 0.1 mol% FeClk adsorbed on glica (5% by wt) was used in the reaction of
cyclopentadiene 1 with 3, 3-diethoxy-1-propene 17 a -70°C, to produce the
corresponding  cycloadduct, 5-(1, 1-ciethoxymethyl) bicydo[2.2.1] hept-2-ene* 18 in
excdlent yidd (86%), with very high endo sdectivity (endo:exo=98:2). When the same
reaction was performed a room temperature athough the yield was increased (92%),
however, it was accompanied by a dight eroson of endo sdectivity (endo:exo=96:4)
Employing 2-ethenyl-1, 3-dioxolane 15 as the dienophile with cyclopentadiene 1 usng
05 mol% FeCl; adsorbed on dglica (5% by wt.), the corresponding adduct 2-
(bicyclo[2.2.1]-hept-5-ene-2-dioxolane'® 19 was obtained in 90% yidd as a mixture of
endo: exo (275:1) isomers with the endo adduct being mgor. The difference in
diastereosdectivity between 15 and 17 with cyclopentadiene may be attributed to the
deric interaction of the complexed 17 with Lewis acid with cyclopentadiene in the
trangtion date. It was adso observed that the reaction of cyclopentadiene 1 with 3, 3-
diethoxy-1- propene 17 using only slicaas catayst (500% by weight) did not furnish the
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desred product even in traces. This confirms that, it is only FeCls which acts as catayst
in ionic Dids-Alder reactions but its activity can be reduced on its adsorption on dlica In
an atempt to increase the yidd of the ionic Dids-Alder reaction, acyclic dienes (viz.
isoprene, 2, 3-dimethyl butadiene) were subjected to treatment with acetd 2-(1-
propenyl)-1, 3-dioxolane 2 in the presence of FeCl/SO-, however no improvement in

the yidd of the adduct was observed, instead yields were drasticaly reduced to 5% when
1 mol% of FeCls adsorbed on silica (5% by wt.) was used as catayst.

Tablell

Cycloaddition reactions of dienesand dienophilesusing FeCl; adsor bed on slicaascatalys.

Entry Diene Dienophile Product Method Yield %
(Endo:Exo)
10 m OEt lla 86*
(49:1)
17 g 18
OEt
EtO
11 m | OEt Ilb 92*
(24:1)
OEt
OEt
EtO
| [¢]
1 m H/ e 90
(2.75:1)
o
15 19 o

13 m | o nd 80***
(3:1)
20 21

H CHO
Ph
U "
14 o i —
(3:1)
22 23 “tho
H

Methods: I1a:. diene:dienophile, 2:1, FeCl3 (1.0 mol%) adsorbed on silica (5% by wt.), DCM, -70°C 2 hrs.
I1b:. diene:dienophile, 2:1, FeCls (0.5 mol%) adsorbed on silica (5% by wt.), DCM, 0°C-RT, 4 hrs. lIc:
diene:dienophile, 2:1, FeCl; (0.6 mol%) adsorbed on silica (5% by wt.), DCM, O0°C-RT 2 hrs Ild.
diene:dienophile, 2:1, FeCl3 (1.0 mol%) adsorbed on silica (5% by wt.), DCM, 0°C-RT 4 hrs.* (reported in
theliteratureref.4). **(reported in the literatureref.10). ***(reported in theliterature ref. 19).
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Therefore, FeCk/SO, as the cadys not only increesed the efficiency of the
above reactions but its utility could be readily extended to the cycloaddition with the
enone and enas. Thus the reaction of cyclopentadiene 1 with crotonddehyde 20 usng 1
mol% of FeCk on silica produced the corresponding adduct™® 21 in 80% vidd (entry 13
Table 2). The ratio of endo/exo as determined by 1H-NMR was » 3:1. An andogous
reection of the dienophile cinnamadehyde 22 with cyclopentadiene 1 in the presence of 1
mol% of catayst furnished a 3:1 mixture of endo and exo isomers™® in 78% yidd ntry
14, Table 2).
In concluson, we have demondrated, the utility of FeCk as an efficient Lewis acid
cadys and edablished a mild protocol for the ionic Dids-Alder reaction of 1,3-dienes
with various dienophiles. Additiondly one can moderate and fine-tune the reectivity of
FeClzs by adsorbing it on dlica gd. FeCh adsorbed on dlica not only avoids
polymerisation but enhances the endo =Hectivity as wel in Dids-Alder resctions yieds.
Additiondly the heterogeneous nature of the catdyst coupled with its potentid
reusability makes the work up procedure extremely smple involving mere filtration.
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Experimental:
(a). General Procedurefor lonic Diels-Alder reaction using FeCl3 as catalyst:

To a 6.25 mmol/10 mmol/50 mmol of diene in 20 ml. of dry dichloromethane
under nitrogen atmosphere, 5 eg. of dienophile was added followed by the addition of 0.5
to 0.3 eg. of anhydrous FeCls. Reaction mixture was girred a room temperature and
monitored by tlc. After completion of reaction, the mixture was quenched with 25 ml. of
water, extracted with dichloromethane (3x25 ml.), dried over anhydrous N&SO, and
filtered. The filtrate on concentration under reduced pressure furnished a crude residue.

Column purification (SO3) of the residue afforded Didls-Alder product as viscous ail.

2-(3-Methyl Bicyclo[ 2.2.1] hept-5-en-2-yl)-1, 3-dioxolane 3:

L

To a freshly cracked solution of 0.330 gm (5 mmol) of cyclopentadiene 1 in 20 mi
of dry dichloromethane under N> atmosphere at 0C, was added 0.285 gm (2.5 mmol) of
2-(1-propenyl)-1,3-dioxolane 2 followed by the addition of 0.40 gm (0.1eq.) of FeCh.
Reaction mixture was gradudly warmed upto RT, and dirred continuoudy for 4 hrs.
After monitoring by tlc, the reaction mixture was quenched with 25 ml. of waer and
extracted with dichloromethane (3x25 ml.). It was then dried over anhydrous NaSO4,
filtered and concentrated under reduced pressure to furnish a crude resdue. Column
chromatography (SO,) of the resdue usng 5% ehyl acetate-pet.ether as duent
provided 0.267 gm of 2-(bicyclo[ 2.2.1] hept-5-en-2-yi 3-methyl) dioxolane 3 in 82%
yiedld. Theratio of endo to exo, as observed from 1H-NMR was » 34:6 (5.67).

IR (neat) cmi™: 3060, 1360, 1660, 1080, 940, 746.
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'H-NMR (200 MHz, CDCh) d: 1.15 (d, 3H, J=8 Hz, -CHs), 1.25-1.45 (m, 2H), 1.50-1.70
(m, 2H), 2.45 (br s, 1H), 2.9 (br s, 1H), 3.75-4.05 (m, 4H, -OCH,CH,0O-), 4.25 (d, 1H,
J=10.8 Hz) digtinct pesk for exo isomer 4.8 (d, 1H, =8 Hz), 6.0 (dd, 1H, J=6 Hz), 6.25
(dd, 1H, oléfinic, J=6 Hz).

13C-NMR (50 MHz, CDCk) d: 21.3 (q), 36.37 (d), 44.75 (d), 46.05 (t), 48.72 (d), 52.10
(d), 64.71 (t), 108.45 (d), 133.05 (d), 138.15 (d).

Mass (m/e):180, 165, 114.

2-(Bicyclo[2.2.1]hept-5-en-2-yl 3-phenyl) dioxolane 5:

Ph

&

To a freshly cracked dirred solution of 0.33gm (5 mmoal) of cyclopentadiene 1 in
20 ml. of dry dichloromethane under N, atmosphere at O°C, was added 0.44g (2.5 mmol)
of 2-(3-phenyl-2-vinyl)-1, 3-dioxolane 5, followed by the addition of 40 mg (0.1 eq.) of
FeCls. The reaction mixture was dirred overnight a room temperature. After completion
of reaction, usud work-up and column chromatography(S0O,) furnished 0.44g of 2-
(bicyclo[2.2.1]hept-5-en-2-yl 3-phenyl) dioxolane 5 in 73% yidd.
Yied: 73%.
IR (nest) cmt: 2970, 1681, 1625, 1600, 1496, 1404, 1332, 1145, 1109.
'H-NMR (200 MHz, CDCh): 1.6 (d, 1H, =8 Hz), 1.8 (d, 1H, =8 Hz), 2.3 (m, 1H), 2.55
(m, 1H), 2.9 (br s, 1H), 3.2 (br s, 1H), 3.75-4.05 (m, 4H, -OCH,CH,0-), 4.45 (d, 1H
J10.8 Hz), 6.3 (dd, 1H, J=6 Hz, dlefinic), 6.45 (dd, 1H olefinic, J=6 Hz) 7.00-7.6 (m, 5H
arométic). Exo isomer showed distinct pesks at 0.8d (d, 1H, J=8 Hz) and at 4.9d (d, 1H,
J=8 Hz) aong with other overlapped peaks of endo isomer.
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13C-NMR (50 MHz, CDCl) d: 44.7 (d), 46.4 (d), 46.76 (t), 48.85 (d), 50.8 (d), 64.7 (t),
108.37 (d), 125.5 (d), 127.6 (d), 128 (d), 134.76 (d), 137.9 (d), 144.7 (9).
Mass: 242, 176, 104, 91, 66.

2-(Bicyclo[ 2.2.1] hept-5-en-2yl)-2-ethyl dioxolane 7:

o)
o \/

To a freshly cracked solution of 0.33g (5 mmol) of cyclopentadiene 1 in 20 ml of
dry dichloromethane under N, amosphere was added 0.32g (2.5 mmol) of 2-ethyl, 2-
vinyl-1, 3-dioxolane 6 followed by addition of 20 mg (0.05 eq.) of FeCk a 0° C.
Reaction mixture was girred a room temperature for 5 hrs. and monitored by tlc. After
completion of reaction, usua work-up and purification through column chromatography
(S0O,) dforded 0.402g of a mixure of endo and exo 2-(bicydo[2.2.1]hept-5-en-2yl)-2-
ethyl dioxolane 7 in 83% yidld as aviscous ail.
IR (neat) cmi™: 3066, 2970, 1630, 1340, 1073, 922, 725.
'H-NMR (200MHz. CDCk) d 0.90 (t, 3H, J=9 Hz, -CH,-CHs, exo isomer), 1.05 (t, 3H,
J=8 Hz, -CH»-CHjs, endo isomer), 1.35-1.45 (m, 2H), 1.56 (q, 2H —CH>-CHj3), 1.6-1.8 (m,
2H), 2.45 (m, 1H), 2.8 (br s, 1H), 2.9 (br s, 1H), 3.82-4.05 (m, 4H, -OCH,CH,-0), 5.95
(dd, 1H, olefinic, J=6 Hz, J=3 Hz), 6.15 (dd, 1H, J6 Hz, J3 Hz, ol€finic). In addition
the peaks of exo isomers are overlgpping with the endo isomers.
Mass (m/e): 194, 181, 165, 129, 102, 101, 100, 99, 91, 77, 66.
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2-(1-M ethyl-1-cyclohexen-4-yl)-2-ethyl dioxolane 9:

RS

To a dtirred solution of 1.7g (25 mmol) of isoprene 8 at 0°C and N, atmosphere,
was added 0.32g (2.5 mmol) of 2vinyl-1, 3-dioxolane followed by the addition of 40 mg
(0.1 eq) of FeCl;. The reaction mixture was girred for 4 hrs. After completion of
reection and usud workup and column purification (SO») furnished 0.387g of 2-(1-
methyl- 1-cyclohexen4-yl)-2-ethyl dioxolane in 79% yidd.

IR (Neat) cri*:2980, 2875, 1640, 1370, 1150, 1045, 940..

'H-NMR (200MHz, CDCk) d: 0.90 (t, 3H, J8Hz, -CH,.CH3), 1.25-1.45 (m, 2H), 1.60-
1.75 (br m, 5H), 4.0 (m, 4H, -OCH,CH,-0), 5.40 (br m, 1H, ol€finic).

Mass (m/e): 196, 101, 99, 57.

2-(4-M ethyl-6-phenyl-3-cyclohexenyl)-1, 3-dioxolane 10:

Ph
s
0\7
To a dirred solution of 1.7g (25 mmol) of isoprene 8 in 20 ml. DCM under ice
cooling a N> amosphere, was added 0.44g (25 mmol) of 1-(1, 3-dioxolan2-yi)-2-
phenyl-1-ethene 5. Reaction mixture was girred for 4 hrs. After completion of reaction,
usud work-up and column chromatography (SO») furnished 0.2759 of 2-(4-methyl-6-

phenyl- 3-cydohexenyl)- 1, 3-dioxolane in 45% yidd.
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IR (neat) cmi*:3010, 2891, 1600, 1492, 1452, 1398, 1217, 1141.

'H-NMR (200 MHz, CDCk) d: 1.75 (s, 3H, -CHs), 2.1-2.4 (m, 4H), 2.9 (m, 1H), 3.6-4.0
(m, 4H, -OCH,CH,0-), 4.55 (d, 1H), 5.5 (br s, 1H, ol€&finic) 7.0-7.5 (m, 5H arométic).
13C-NMR (50 MHz, CDCk) d: 23.2 (d), 23.3 (t), 38.67 (t), 41.21 (d), 41.8 (d), 64.84 (1),
104 (d), 119.94 (d), 125.86 (d), 127.55 (d), 128.1 (d), 132.7 (), 144.72 (s).

Mass: 244, 182, 167, 91, 73.

2-(4, 6 Dimethyl-3-cyclohexenyl)-1, 3- dioxolane 11:

e,

To a dirred solution of 0.218g (32 mmol) of isoprene 8 in 30 ml of
dichloromethane a 0°C, under N, atmosphere, was added 0.285g (2.5 mmoal) of 2-(1-
propenyl)-1, 3-dioxolane 2 followed by the addition of 0.121 mg (0.3 eg.) of FeCk. The
reaction mixture was dirred for 1.5 hrs. After completion of reaction, usua work-up and
column purification (SO;) afforded a mixture of 0.295g of 2-(4, 6 dimethyl-3-
cycdohexenyl)-1, 3- dioxolane 11 in 65% yield. Two regioisomers were observed in the
ratio of 1:6 by *H NMR spectroscopy.

Yied: 65%

IR (Neat) cmt: 2958, 2887, 1685, 1442, 1377, 1400, 1120, 1099.

'H-NMR (200 MHz, CDCh) d: 1.05 (d, 3H J6Hz), 1.65 (s, 3H), 1.75-1.9 (m, 6H), 3.75-
4.05 (m, 4H —O-CH,-CH,-0-), 4.92 (d, 1H J=6Hz), 5.32 (br s, 1H, ol€finic).

13C NMR (50 MHz) 19.97(q), 23.98(q), 24.31(t), 29.9(d), 38.61(t), 42.76(d), 65.19(t),
105.62(d), 119.92(d), 132.82(s).

Mass(m/e): 182, 167, 120, 91, 73.
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2-(3, 4-Dimethyl-3-cyclohexenyl)-1, 3-dioxolane 16:

L,

To a stirred solution of 0.41g (5 mmol) of 2, 3dimethylbutadiene 12 in 20 ml. of
dry dichloromethane a *C and N, atmosphere was added, 0.25g (2.5 mmol) of 2vinyl-
1, 3-dioxolane 15. The reaction mixture was girred for 4 hrs. After completion of
reaction and usua work-up and column purification (SO>) furnished 0.296g of 2-(3, 4-
dimethyl 3-cydohexenyl)-1, 3-dioxolane 16 in 65% yidd.

IR (Neat) cmt: 2984, 2880, 1500, 1377, 1151, 1044, 948 cm-1.
'H-NMR (200MHz, CDCk) d 1.23-1.33 (m, 1H), 1.59 (s, 3H), 1.61 (s, 3H), 1.75-2.00
(m, 4H), 2.89 (m, 1H), 3.87-3.96 (m, 4H —OCH,-CH,0-), 4.5 (d, 1H).

Preparation of Catalyst (FeCls adsorbed on Silica):

Slicagd (1g 60-120 mesh s. d. fine chemicds Itd. India) was added to a solution
of anhydrous FeCk (50 mg) in 0.5 ml of dichloromethane a room temperature. The
solvent was removed on rotary evaporator to achieve homogenous adsorption. Findly, the
ydlow powder was the dried under vacuum ( 0.1 mmHg) for 30 mins to furnish a yelow

powder.

(b). General Procedure for lonic Diels-Alder reaction using FeCls adsorbed on slica
as catalyst:

To a 10 mmol of diene in 20 ml. of dry dichloromethane under nitrogen
amosphere, 5 mmol. of dienophile was added followed by the addition of 0.5 to 1 mol%.
of anhydrous FeCl; adsorbed on silica (5% by weight). Reaction mixture was stirred at
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room temperature and monitored by tlc. After completion of reaction, the mixture was
quenched with 25 ml. of water, extracted with dichloromethane (3x25 ml.), dried over
anhydrous N&SOg4, which on concentration under reduced pressure furnished a crude

resdue. Column purification afforded Didls-Alder product as viscous oil.

5-Diethoxy methyl bicyclo[2.2.1]hept-2-ene 18:

OEt
EtO

To a freshly cracked dtirred solution of 0.33g (5 mmol) of cyclopentadiene 1 at 0°C under
N> atmosphere, was added 0.325g (2.5 mmoal) of 3, 3diethoxy-1-propene 17 follwed by
the addition of 0.5 mol% of FeCk adsorbed on slica (5% by weight). Reaction mixture
was girred a room temperature for 4 hrs. After completion of reaction tlc, usua work-up
and column purification (SO») furnished 042g of 5-diethoxy methyl bicyclo[2.2.1]hept-
2-ene 18 in 86% Yyield besides 8% of ddehyde as the side product.

IR (Neat) cmi®: 3062, 1118, 1058, 932, 721.

'H-NMR (200 MHz, CDCk) d: 0.83 (m, 1H), 1.16 (t, 3H, J7.5 Hz), 1.23 (t, 3H, E7.5
Hz), two sets, 1.32-1.45 (br, m, 2H), 1.83 (m, 1H), 2.42 (m, 1H), 2.48 (br s, 1H), 2.88 (br
s, 1H), 3.44-3.74 (m, 4H), 3.87 (d, 1H, J9.3 Hz), 5.96 (dd, 1H, J=5.6, and J=3.0 H2z),
6.15 (dd, 1H, J=5.6 and 3.0 Hz). The emergence of doublets at 3.87 and 4.4 d a theratio
of 24:1 cdlearly establishes the formation of endo and exo isomers respectively.
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2-(Bicyclo[2.2.1] hept-5-en-2-yl)-1, 3 dioxolane 19:

(0]

L

To a freshly cracked dirred solution of 0.33g (5 mmol) d cyclopentadiene in 20
ml. of dichloromethane a ®C under N, atmosphere, was added 0.25g (2.5 mmol) of 2
vinyl-1, 3-dioxolane follwed by the addition of 0.6 mol% of FeCl; adsorbed on silica (5%
by weight). Reaction mixture was irred for 2 hrs, and monitored by thin layer
chromatography. After completion of reaction, the reaction mixture was quenched with
20 ml. of water, then extracted with dichloromethane (3x25 ml), dried over anhydrous
sodium sulphate and finadly concentrated under reduced pressure. Column
chromatography (SO,) of the resdue usng 5% EtOAc-Pet.ether as duent furnished
0.374g of 2-(bicyclo[2.2.1] hept-5-en-2-yl)-1, 3 dioxolane 19 asviscous il in 90% yidd.
IR (Neat) cmi*: 3065,1930, 1335, 1107, 980, 835.
'H-NMR (200 MHz, CDCl) d: 0.92 (m, 1H), 1.24 (d, 1H), 1.40 (m, 1H), 1.87 (m, 1H),
2.19 (m, 1H), 2.82 (br s, 1H), 2.97 (br s, 1H), 3.7-4.0 (M, 4H, -OCH,CH,0-), 4.2 (d, 1H,
JF10.8 Hz), 597 (dd, 1H, JF6 Hz, JF2 Hz, ol€finic), 6.15 (dd, 1H, 36 Hz, J3-2 Hz
olefinic). The emergence of peaks a 4.2 and 4.7 d in the rdio of 2751 cealy
edtablishes the formation of endo and exo isomers respectively.
Mass (m/e): 166(6), 125(11), 100(24), 99(81), 91(12), 86(9), 77(17), 73(89), 66(100),
55(19).
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3-Methyl bicyclo[2.2.1]hept-5-ene-2-car baldehyde 21.

To a solution of 0.33g (5 mmal) O : of cyclopentadiene & 0°C under N
atmosphere, was added 0.175g (2.5 mmol) of crotonddehyde followed by the addition of
1.0 mol% of FeCl adsorbed on slica (5% by weight). Reaction mixture was dirred at
room temperature for 4 hrs. After completion of reection tlc, usud work-up and column
purification (SO») funished 0.0.272g of 3-methyl bicyclo[2.2.1]hept-5-ene-2-
carbaldehyde 21 in 80% yidd.

IR (Neat) cmi*: 2960, 2930, 2872, 1719, 1456, 1332, 1215, 1179.

'H-NMR (200 MHz, CDCk) d: 1.25(d, 3H, 8 Hz, -CHs, ), 1.3-1.7 (m, 2H), 2.4 (m,
1H), 2.6(br s, 1H), 3.25 (br s, 1H), 6.0 (dd, 1H, J=6 Hz, ol€finic), 6.25 (dd, 1H, J=6 Hz.,
olefinic), 9.4 (s, 1H endo-CHO), 9.85 (s, 1H, exo-CHO).

13C-NMR (50 MHz, CDCk) d: 20.93 (), 36.41 (d), 45.52 (d), 46.3 (t), 49.16 (d), 61.48
(d), 132.71 (d), 138.6 (d). 204.94 (d).

Mass: 137, 111, 83, 71, 67.

3-Phenyl bicyclo[2.2.1]hept-5-ene-2-car baldehyde 23:

To adirred solution of 0.33g (5 mmoal) of cyclopentadiene at 0°C under N2
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atmosphere, was added 0.29g (2.5 mmoal) of cinnamaadehyde follwed by the addition of
1.0 mol% of FeCl adsorbed on slica (5% by weight). Reaction mixture was dirred at
room temperaiure for 4 hrs. After completion of reection (TLC), usua work-up and
column purification (S0O2) furnished 0.35g of 3-phenyl bicyclo[2.2.1]hept-5-ene-2-
carbaldehyde 23 in 78% yidd.

'H-NMR (200 MHz, CDCk) d: 0.9 (d, 3H, J=8 Hz, -CHs endo), 1.25 (d, 3H, J=8 Hz, -
CHs, exo0), 1.3-1.7 (m, 2H), 2.4 (m, 1H), 2.6(br s, 1H), 3.25 (br s, 1H), 3.87 (d, 1H, J=9.3
Hz, 6.0 (dd, 1H, X6 Hz, olefinic), 6.25 (dd, 1H, J=6 Hz., olefinic), 9.4 (s, 1H endo-
CHO), 9.85 (s, 1H, exo-CHO).
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13C NMR of 2-(4, 6 Dimethyl-3-cyclohexenyl)-1, 3- dioxolane (CDClz 200 MHz)
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DEPT of 2-(4, 6 Dimethyl-3-cyclohexenyl)-1, 3- dioxolane (CDCl3 200 MHZz)
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Chapter 2:
Section b:

lodolactonisation and iodoetherification of b, g-unsaturated acid and
alcohol using FeCl; and Nal

lodolactonisation and iodoetherification are crucid reactions in organic synthetic
sequence as wdl as in dructure eucidation. lodolactonisation has been degantly utilised
for dereosdective functiona group incorporaion and manipulaion in Corey’'s
progaglandin  synthesis® as wdl as in the totd synthess of the tumor inhibitors eg.
vemnolepin and vernomenin,® vitamin D, and Ds3® synthesis. Likewise iodoetherification is
used in some important organic synthesis e.g. prostacyclin® In structure determination
adso iodolactonisation and iodoetherification of isomeric mixtures give a quantitaive
converson of endo acid to an iodolactone and iodoether respectively, whereas, the exo
isomer proved to be inert thus enabling the proportions of endo and exo to be determined,
aswell as the separation and structure determination of these two isomers.

The converson of b, g-or g, d-unsaturated acid into iodolactone was first reported
by Bougault® by dissolving unsaturated acid in ag. NaHCO3 and treating the solution with
asolution of I, in KI. A number of other methods as shown above are dso reported in the
literature to effect iodolactonisation and iodoetherification like, cyanogen iodide’®
iodosuccinimide® N-1(callidine),"ClO4,° N&S,08™° etc. The standard iodolactonisation
procedure requires subgtantia quantities of potassum iodide in addition to iodine and
long reaction times. We have developed a new gpproach to generate iodonium ion using
Nal with FeCl as the oxidant. This iodonium ion forms weekly polarized complex with
the double bond. The reaction probably occurs as a synchronous process in which the
complex bond is converted into a vaence bond and ring closure takes place by the attack
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of dectron-donating acohol or carboxylic acid to the b-carbon atom.

Literature methods:
The following section deds with the reported mehods to effect
iodol actonisation/iodoetherification.
1. Using ICN in iodolactonisation :°
Richard, T. A; Kenneth L. J. Am. Chem. Soc., 1953, 1048.

7\
COOH CHCL,
+ ICN 0°C, 12 h
—<( CH,CH=CH, ’ s
N\ / 3
Scheme 1

Cyanogen iodide reacts with & & unsaturated acids (2, 2-diphenylpentent4-oic acid,
9-allyl-9-fluorocarboxylic acid and penten-4-oic acid) to furnish corresponding &iodo-&
pentanol actone.

2. Using |, and K1 in the presence of NaHCOs :’
Tameen V. and Shanma, M. J. Am. Chem. Soc., 1954, 2315.

@]
2eq. b - o
COOH ~ 0.5 NNaHCO,

6 eq. Ki
5 24 hrs. '

Scheme 2
Tamden et. al. in ther dudy of iodolactonisation trested certan & & and 8 &
unsaturated acids to yield five-membered iodolactone on treatment with iodine-potassum
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iodide in NaHCOs solution a room temperature. It is pertinent to note that both |, as well

as Kl areused in excess.

3. lodoetherification using I :*
Norman, W. Tetrahedron Letters, 1977, 2805.

The author used |, for iodoeherification as the key sep for the synthess of
prostaglandin (5, 6-didehydro-9-deoxy-6, 9 & epoxy prostaglandin).

Me OOC
COOEt
HQ = /
P lleq. ! o
' 10 eq. NaHCO, ER
in water v
< / ]
HO C:)H 1 H — ;
OH H 2
OH
90%
Scheme 3

4. Using | (Callidine),*ClO, :°
Robert, D. E; Joseph, W. M; Herman, S. Synthesis, 1988 862.

path
— - a X
v

m XYISOH I ‘__.P_(_'_ and/or N

ZH —_— N —
N\

X-Y=haloniumion )

- (X )donor ZH x*y

Y=nucleophile

ZH=0OH or COOH - - L_path X
SOH=hydroxylic solvent b ZH
Y
and/or
regioisomer
Scheme 4
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|(Colliding),"ClO4 was used to react with unsaturated acohols and carboxylic acids in
dichloromethane a ambient temperature to furnish three to severt membered ring
iodoether and four-to severt membered-ring iodo lactones, respectively, in moderate
yieds generdly with high regiosdectivity.
Using Na;S,0g and K1 :%°
April, C. R; Robert, C. M. April; M. S. Synlett, 1993, 899.

Q KI(L5eq.) _
MEt NaHCO,(1 eq.)

HO 7 Na,S,0q (3 eq.) g =
deionised water | Et

20 min.
Scheme5

In this sudy it was shown that oxidation of Kl with sodium persulphate in the
presence of sdts of § &and & &unsaurated carboxylic acids affords &lactone in
high yields at ambient temperature and with short reaction times.
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Present Work:

FeCl; enjoys a unique place as a reagent by virtue of its dichotomy to act as an
efficient Lewis acid as well as an oxidant. Due to aur interest in successful demondration
of FeCl; as an fident Lewis acid in catdysng ionic Dids-Alder reactions, we decided
to exploit its oxidative power in development of methodology for iodoetherification as
well as iodolactonisation. It was surmised that FeCl; could oxidize Kl to iodonium ion or
iodine and in turn could act like a Lewis acid to activate the iodine thus generated. If both
olefin and dcohol/acid were to be present in the same molecule, it would lead to

cyclisation to genarate heterocycles as depicted in scheme 1.

[W @”ﬁ'
T Py

HO

X=H,, O

2!
scheme 1

Compound 3 was taken as the substrate to test the hypothesis. Thus, when 3 (as a
mixture of endo:exo isomers in the ratio of 3:1) was treated with KI/FeCk in CH3CN at
82°C, the endo isomer underwent iodolactonisation wheress the exo isomer remaned
unreacted the iodolactone was obtained in 86% yield (based on endo isomer), wheress the
exo isomer (based on endo isomer) was recovered unreacted. Similarly, a mixture of the
endo and exo acohols (entries 2-4) were adso subjected to the iodoetherification and the
yields are based on the endo isomer.

In order to establish the efficacy and generdity of the protocol developed by us, we
subjected a variety of olefinic acids'acohals to the reaction conditions. Good to excellent
yields of iodoetherification and iodolactonisation reactions were observed. The results of
the present sudy are summarized in table 1. A noteworthy festure of cyclisation of cyclic
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olefin (entry 6) is the exdudve formation of butenolide, presumably arisng from the
dimination of the initidly formed iodolactone under the reaction conditions. In order to

confirm the formation of buterolide, it was syntheszed by an unambiguous way
following amethodology™* previously developed by us (scheme 7).
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Table: 1
Role of FeCl, /Nal mediated by lodoetherification and lodoesterification

Entry Substrate Product Yield

@ 86%
3  COOH 00—
o
21

Ph
93%
5  cHow

®/ 100%

O
22
O
23
24
(@)
0
25
(@)
| o
26

g

7 2}7

94%

7 Chon

g

CH,OH

(@)
COOH
|
. 76%
14
COOH
6. (:{i) (:IE§< 75%

18a

Thus, we have established FeCls/Nal as an efficient reagent to effect
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iodolactonisation as well as iodoetherification. The efficiency, generdity and ease of
operation of the present protocol would be a useful addition to the practisng organic
chemigt.

PREPARATION OF SUBSTRATES:
Preparation of Bicyclo[2.2.1]hept-5-ene-2-car boxylic acid 3:

The compound 3 was prepared from a reaction of cyclopentadiene 1 and acrylic
acid 2. The reaction mixture was refluxed for 4 hrs. in acetone to furnish bicyclo[2.2.1]
hept-5-ene-2-carboxylic acid 3 in 85% yidd, (endo:exo=3:1).

| acetone
@ + L reflux
COOH 4 hrs. 3
0,
1 2 85% COOH

Scheme 2

2-Hydroxymethyl, 3-phenyl bicyclo[2.2.1]hept-5-ene 5:

2-Hydroxymethyl, 3-phenyl bicyclo[2.2.1]hept-5-ene 5 was formed as a mixture
of endo and exo isomer (3:1) from 3-phenyl bicyclo[2.2.1]hept-5-ene-2-carbaldehyde 4 (a
Dids-Alder adduct of cyclopentadiene 1 and cinnamadehyde ) by reducing it with
NaBH, in 87% yidd.

acetone
@ + L _reflux
COOH 4 hrs 3
0,
1 85% COOH

Scheme 3

2-Hydroxy methyl bicyclo[2.2.1]hept-5-ene 7:
It was prepared as a mixture of endo:exo (3:1) from bicyclo[2.2.1]hept-5-ene-2-
carbaldehyde 6 (a condensation product of cyclopentadiene 1 and acrolein) by reducing it
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NaBH,

ACOH/5 min./RT
6 93% 7 CH,OH

Scheme 4

with NaBH,4 as shown in thefollowing scheme 4.

Preparation of 2-hydroxymethyl 3-methyl bicyclo[2.2.1]hept-5-ene 9:

2-Hydroxymethyl 3-methyl bicyclo[2.2.1]hept-5-ene 9 was prepared as a mixture
of endoexo=31 isomers by the reduction of 3-methyl bicyclo[2.2.1]hept-5-ene-2-
carbaldehyde 8 usng NaBH; as the reducing agent. The reaction proceeded within 5
minutes to furnish 2-hydroxymethyl 3-methyl bicyclo[2.2.1] hept-5-ene 9 in 85% yidd.

NaBH,

ACOH/5 min./RT
85% 9

CH,OH
° O/ " Scheme 5 2
Preparation of 2-(1-cyclohexenyl) acetic acid 14:

The & &unsaturated acid 14 was prepared by the Reformatasky reaction
involving ethyl bromo acetate 11 and cycdohexanone by refluxing for 6 hrs. to furnish
hydroxy compound 12 in 66% yidd. The compound 12 on dehydration usng thionyl
chloride and pyridine as dehydrating agent furnished akene 13 in 87% yidd. The ester
group of 13 was then hydrolysed using 3 eq. of KOH in MeOH/H,O system to furnish 2
(1-cyclohexenyl) acetic acid 14 in 100% yield.
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o COOEt
benzene OH
reflux

+ Zn + BrCH,COOEt T»
11 66%
10 12
COOEt COOH
socl,

12 pyridine KOH (3 eq.)

0° C1/2hr. MeOH:Water
87% 31

13 100% 14

Scheme 6

Preparation of 2-(1-cycloheptenyl) acetic acid 18a:

Cycloheptanone 15 on Reformatasky reaction with ethyl bromo acetate 11 and

zinc provided hydroxy compound 16 in 60% vyidd. The compound 16 was then
dehydrated using thionyl chloride and pyridine to furnish a mixture of 4 & 17a and &, &
unsaturated esters 17b in 80% yield. The mixture of esters without separation ( Separation
was difficult because of identicd rf vaue on tic plate) was subjected to hydrolysis using
3 eg. of KOH in MeOH/H,0O system to furnish a mixture of acids 18a and 18b (4:1)

respectively.

o COOEt COOEt COOEt
OH socl
benzene idi 2
reflux pyrndine
+ zZn + BrCH,COOEt ———2 m - .
6 hrs. 0° C1/2 hr.
15 1 60% 80%
KOH 3e
17a + 17b MeOH Water

8%

Scheme 7
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Preparation of authentic butenolide 39:
The mixture of 17a & & and 17b & &unsaurated esters respectively was

subjected for dihydroxylation usng catdytic OOs and NMO to furnish unexpected
hydroxy lactone 19a while the unreacted 4, & unsaturated ester 17a was recovered. The
hydroxy compound 19a was then dehydrated using cadytic p-TSA in refluxing toluene

to furnish butenolide 26 in 62% yidd.

COOEt COOEt COOEt
é OsO cat.
NM O

56%

method a SOCI, (1.25 eq.)
HO pyrldlne (1 25eq.)
o DCMO0°C / o
82%
method b cat. p-TSA/toluene
20 reflux 40 min. 26
62%

Scheme 8

>
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Experimental:
General Procedure for iodoetherification, iodolactonisation and butenolide
formation:

To a 2 mmal of b, g-unsaturated acohol or acid was added 4 mmol of anhydrous
FeCl; and 4 mmol of Nal in 25 ml of acetonitrile. The solution was refluxed for 46 hrs.
The reaction was then quenched with water, extracted with 3x20 ml. portion of
dichloromethane. The organic solution was then successvely washed with 25 mil
saturated solution of NgS;03., 25 ml of brine and findly with 25 ml of water. The
organic solvent was dried over anhydrous N&SO,, filtered and was then removed on
rotary evaporator under reduced pressure and the residue thus obtained was purified by

column chromatography (SO;) to furnish the corresponding iodoether or iodolactone (or
butenolide) respectively.

Bicyclo[2.2.1]hept-5-ene-2-car boxylic acid 3:

COOH
3

To a 3679 (5556 mmol) of freshly cracked cyclopentadiene 1 in 25 ml. of
acetone was added, 2g (27.78 mmol) of acrylic acid 2. The solution was refluxed for 4
hrs. After completion of reaction the solution was concentrated, which on column
purification furnished 3.26g of bicyclo[2.2.1]hept-5-ene-2-carboxylic acid 3 as mixture of
endo and exo isomer (endo being the mgor one) in 85% yidd.

IR cmit: 2500-3700 (broad hump), 1699, 1416, 1276.
'H NMR (200 MH2) : 1.2-1.6 (m, 3H), 1.8-2.0 (m, 1H), 2.75-3.05 (m, 2H), 3.25 (br s,
1H). 6.0 (m, 1H ol€finic), 6.2 (m, 1H ol€finic).
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9-lodo-5-oxa tricyclo[4.2.1.0*|nonan-4-one 21:

O

O
21

To alg (7.25 mmol) of bicyclo[2.2.1]hept-5-ene-2-carboxylic acid 3 in 20 ml of
acetonitrile, was added 2.34g (14.5 mmoal) of anhydrous FeCl and 2.17g (14.5 mmol) of
Nal. The solution was refluxed for 4 hrs. After completion, the reaction mixture was
cooled and 25 ml of saturated solution of NaHCOs; was added. The organic compound
was extracted using 3x25 ml of EtOAc. The combined organic layer was then washed
successvely, with 25 ml of brine solution and 25 ml of water. The organic layer was
dried over anhydrous N&SO,, filtered and on concentraion and column purification
(SO) furnished 1.64g of 9-iodo-5-oxa tricyclo[4.2.1.0* "Jnonan-4-one 21 in 86% yidd.

IR cmit: 1735, 1160, 1060.

'H-NMR (200 MHz): 1.6-1.95 (m, 2H), 1.95-2.2 (m, 1H), 2.35 (d, 1H J16 Hz) 2.5 (dd,
1H J=16Hz, J=4HZ), 2.7 (br s, 1H), 3.17 (m, 1H), 3.9 (m, 1H), 5.17 (m, 1H).

13C-NMR (50 MHz): 30.2 (d), 34.09 (t), 36.85 (d), 37 (t), 46.41 (d), 46.42 (d), 88.38 (d),
178.7 (9).

Mass. 264, 167, 137, 127, 91, 79, 66.
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2-Hydroxymethyl, 3-phenyl bicyclo[2.2.1]hept-5-ene 5:

Ph

CH_,OH
5
To a 1g (5 mmol) ice cold solution of 3-phenyl bicyclo[2.2.1]hept-5-ene-2-

carboxadehyde 4 in 10 ml of acetic acid, was added 0.575g (15 mmol) of NaBH4 in
gndl portion with continuous irring. Reaction mixture was girred further for 10 min.
At the end of the reaction, the solution was neutrdized by adding saturated solution of
NaHCOs. The organic compound was isolated using 3x25 ml portions of EtOAc. The
combined organic layer was then dried over anhydrous N&SO,, filtered and on
concentration and column purification (SO») furnished 0.88g of 2-hydroxymethyl, 3-
phenyl bicyclo[2.2.1]hept-5-ene 5 in 87% yield.
IR cmi*: 3200, 3010, 1631, 1590, 1470.
'H NMR (200 MHZ) : 1.6 (m, 1H), 1.75-2.0 (m, 2H), 2.1 (m, 1H), 2.6 (m, 1H), 2.9 (br s,
1H), 3.06 (br s, 1H), 3.35 (m, 1H), 3.65 (m, 1H), 6.15 (m, 1H ol&fin), 6.35 (M, 1H ol&fin),
7.05-7.5 (m, 5H aromatic).

2-1odo-9-phenyl-4-oxa-tricyclo[4.2.1.0* Jnonane 22:

Ph

22
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To a 0.5g (25 mmol) solution of 2-hydroxy methyl 3-phenyl bicyclo[2.2.1]hept-
5-ene 5 in 10 ml of acetonitrile was added, 0.8g (5 mmoal) of anhydrous FeClk and 0.75g
(5 mmol) of Nal. The solution was refluxed for 6 hrs. After completion of the reaction
and usud work-up, furnished 0.74g of 2-iodo-9-phenyl-4-oxa-tricyclo[4.2.1.0% "Jnonane
22 in 93% yidd.

IR cmit: 3057, 2971, 2875, 1494, 1293, 1249, 1218, 1140, 1058.

'H NMR (200 MHz) : 2.15 (m, 2H), 2.55 (br s, 1H), 2.72 (m, 3H), 3.85 (m, 3H), 4.8 (m,
1H), 7.1-7.45 (m, 5H aromatic).

13C NMR (50 MHz):34.58 (t), 37.29 (d), 45.05 (d), 46.61 (d), 50.63 (d), 54.14(d), 73.86
(t), 89.00 (d) 126.08 (d), 126.81 (d), 128.27 (d), 143.01 (s).

Mass: 326, 234, 199, 169, 141, 115, 91, 77

2-Hydroxy methyl bicyclo[2.2.1]hept-5-ene 7:

CH,OH
7

To a dirred ice cold solution of 1g (82 mmol) of bicyclo[2.2.1]hept-5-ene-2-
carbaldehyde 6 in 10 ml of CH3;COOH was added, 0.93g (24.6 mmol) of NaBH, in amdl
portion. The solution was dirred further for 10 minutes at the same temperature. After
completion of the reaction and usud work-up furnished 0.95g of 2-hydroxy methyl
bicyclo[2.2.1]hept-5-ene 7 in 93% yidd as amixture of endo and exo isomers (3:1).
IR cmit: 3341, 3046, 1717, 1410, 1248.
'H NMR (200 MHZ) : 1.25 (m, 2H), 1.47 (d, 1H J8H), 1.8 (m, 1H), 2.25 (m, 2H), 2.5-
3.0(m, 2H), 3.1-3.5 (m, 1H), 3.5-4.0 (m, 1H), 5.95 (m, 1H dlefinic), 6.1 (m, 1H olefinic).
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2-lodo-4-oxa tricyclo[4.2.1.0* |nonane 23:

23

To a dirred solution of 0.5g (4 mmol) of 2hydroxy methyl bicyclo[2.2.1]hept-5-ene 7 in
10 ml acetonitrile was added, 1.3g (8 mmol) of FeCk and 1.2g (8 mmol) of sodium
iodide. The solution was then refluxed for 4 hrs. After completion of reaction and usud
work-up furnished 0.89g of 2-iodo-4-oxa tricyclo[4.2.1.0* nonane 23 in 94% vidd.

IR cmit: 2946, 1445 1060, 910.

'H-NMR (200 MHz): 1.24 (d, 1H F11Hz), 1.75 (d, 1H JF11 Hz), 1.95-2.3 (m, 2H), 2.35
(m, 2H), 2.65 (br s, 1H), 3.5-3.9 (m, 3H), 4.7 (d, 1H J=6Hz2).

13C NMR (50 Hz): 36.68 (t), 36.97 (d), 37.41 (t), 37.49 (d), 43.81 (d), 46.49 (d), 73.73 (t),
89.17 (d).

Mass: 250, 167, 123, 93, 79.

2-1odo-9-methyl-4-oxa tricyclo[4.2.1.0* 'Jnonane 24:

O
24

To a solution of 0.5 (3.6 mmol) 2-hydroxymethyl 3-methyl bicyclo[2.2.1]hept-5-ene 9
in 10 ml of acetonitrile was added, 1.179 (7.2 mmol) of anhydrous FeCl; and 1.08g
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(7.2 mmol) of Nal. The solution was refluxed for 5 hrs. After completion of reaction and

usua work-up furnished 0.96g of 2-iodo-9-methyl-4-oxa tricyclo[4.2.1.0> "Jnonane 24 in
100% yield.

IR cmt: 1214, 1067, 1027, 759.

'H NMR(200 MHZ): 1.07 (d, 3H J8Hz), 1.48 (m, 1H), 1.85 (m, 1H), 1.95 (br s, 1H), 2.1
(d, 2H J=8Hz), 2.58 (m, 1H), 3.6 (br s, 1H), 3.7 (M, 2H), 4.65 (M, 1H).

13C NMR (50 MHz): 31.18 (q), 44.77 (t), 48.31 (d), 54.23 (d), 56.79 (d), 56.94 (d), 60.79
(d), 83.92 (t), 99.03 (d).

Mass: 264, 167, 137, 127, 119, 107, 91, 79.

3-lodo perhydro cyclohexa[b] furan-2-one 25:

O

O

25

To dirred solution of 0.5g (3.5 mmol) of 2(1-cyclohexenyl) acetic acid 14 in 10
ml of acetonitrile was added, 1.159 (7.0 mmol) of anhydrous FeCk and 1.07 (7.0 mmol)
of Nal. The solution was refluxed for 6 hrs. After completion of reaction and usua work-
up furnished 0.722g of 3;-iodo perhydro cyclohexdgb] furan-2-one 25 in 76% yidd.
IR cmt: 1786, 1237, 1200, 1156, 7565.
'H NMR (200 MHz): 1.65 (m, 6H), 1.9-2.4 (m, 3H), 2.85-3.4 (m, 2H), 4.8 (m, 1H).
13C NMR (50 MHz): 19.35 (t), 22.22 (t), 24.50 (t), 37.18 (s), 39.53 (t), 50.23 (t), 86.29
(d), 174.29 (9).
Mass: 266.
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Ethyl-2-(1-hydroxy cycloheptyl) acetate 16:

COOC H,
OH

16

To a refluxed solution of 2g (17.85 mmoal) of cycloheptanone 15 in 25 ml benzene
and 1.16g (5355 mmol) of Zn, was added a solution of 3.72g (22.3 mmol) of ethyl
bromoacetate 11 in 25 ml benzene dropwise. The solution was then refluxed further for 6
hrs. After completion of reaction, the reaction mixture was cooled and quenched with 25
ml of 10% HCl solution. The solution was then filtered and the organic layer was
separated, whereas aqueous layer was extracted with 3x25 ml portions of ethyl acetate.
The combined organic layer was then dried over anhydrous Na&SO,, filtered and on
concentration on rotary evaporator and column purification (SO2) furnished 2.2g of
ethyl-2-(1-hydroxy cycloheptyl) acetate 16 in 62% yidld.
IR cmit: 3523, 2925, 1716, 1201.
'H NMR (200 MHz) : 1.25 (t, 3H -COOCH,CHs), 1.3-1.95 (m, 12H), 2.47 (s, 2H-
CH,COOCH,CHj3), 3.3 (br s1H —OH), 4.15 (g, 2H -COOCH,CHj).

Ethyl 2-(1-cycloheptenyl) acetate 17a:

COOC,H,

17a
To anice cold solution of 1.8g (5.56 mmol) of ethyl-2-(1-hydroxy cycloheptyl)
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acetate 16 and 0.9g (6.94 mmol) of pyridine in 10 ml of dichloromethane was added,
1.73g (6.94 mmol) of SOCL dropwise. The mixture was dirred for 0.5 hrs. After
completion of reaction, 25 ml of saturated solution of NaHCO3 was added. The organic
layer was separated whereas the aqueous layer was extracted with 3x15 ml portions of
dichloromethane. The combined organic layer was dried over anhydrous NSOy, filtered
and on concentration and column purification (SO2) furnished 1.47g mixture of ethyl 2-
(1-cycloheptenyl) acetate 17a and &, & unsaturated ester in 90% yield.

IR cmt: 2925, 1737, 1716, 1635, 1446, 1147.

'H NMR (200 MHZ) : 1.25 (t, 3H), 1.35-1.9 (m, 6H), 2-2.25 (m, 2H), 2.35 (m, 1H), 2.85
(m, 1H), 2.95 (s, 2H), 4.15 (g, 2H), 5.7 (m, 1H ol&finic).

2-(1-Cycloheptenyl) acetic acid 18a:

COOH

18a

To a lg (55 mmoal ) solution of the mixture of & &and &, &eder in 15 ml of
MeOH/Water (3:1) system was added, 0.92g (165 mmol) of powdered potassum
hydroxide. The reaction mixture was refluxed for 4 hrs. After completion of the reection,
the reaction mixture was cooled and 25 ml of saturated NaHCOs was added. The solution
was then extracted with 3x25 ml portions of EtOAc. The agueous layer was then
neutraiized with 15 ml. of dil. H,SO, which was then extracted with 3x25 ml. portions of
dichloromethane. The combined organic layer was dried over anhydrous N&SQO,, filtered
and was then concentrated on rotary evaporator under reduced pressure. The residue thus
obtained on purification by column chromatography (SO>) furnished 0.78g of the acid as
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a(L1:4) mixture of § &and & &acidsin 92% yield.

IR cmi: 3500-2500 (broad hump), 1686, 1627, 1417, 1256, 877.

'H NMR (200 MHZz) : 1.35-2.25 (m, 8H), 2.4 (m, 2H), 2.95 (m, 2H), 5.65 (m, 1H
olefinic) 11.05 (br s, 1H -COOH).

Mass: 154, 137, 126, 94, 79, 67.

3-Hydroxy perhydro cyclohepta[b] furan-2-one 20:
O

HO )

20
A 20 ml test tube was charged with 0.546g (3 mmol) of JO0-unsaturated ester and

0526 (4.5 mmol) N-methylmorpholine N-oxide (NMO) in acetonitrile-water mixture
(91, 5 ml) and a cadytic anount of osmium tetroxide in toluene was injected into it.
The reaction was monitored by TLC. After dirring for 12 hrs at room temperature, solid
sodium metabisulfite (NaS;05) was added and the mixture stirred for further 0.5 hr. The
reection mixture was filtered and the solid washed with chloroform (30 ml). The
combined organic layer was washed with 10% HCl (10 ml), dried over anhydrous
NaSO,, filtered and the solvent was evaporated under vacuum. The residue thus obtained
was chromatographed over dlica gd usng 20% ethyl acetate-pet.ether to furnish 0.36g of
cydlic hydroxy compound 20 in 60% yidld.
IR cmit: 3454, 2935, 2862, 1770, 1245, 1197, 908, 731.
'H NMR (200 MHz) : 1.1-1.5 (m, 1H), 1.5-1.9 (m, 6H), 1.95-2.5 (m, 3H), 2.65 (s, 2H),
2.9 (br s, 1H), 4.4 (m, 1H).
13C NMR (50 MHz): 23.47 (1), 25.23 (t), 25.5 (t), 36.52 (t), 45.3(t), 78.24 (s), 86.84 (d),
176.6 (3).
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4,5,6,7,8,8a-Hexahrdro-cyclohepta[ b]furan-2-one 26
O

| o

26

To a solution of 0.5g (3.25 mmol) of 2(1-cycloheptenyl) acetic acid 18a in 10 mi
of acetonitrile was added, 1.05g (6.5 mmoal) of anhydrous FeCk and 0.97g (6.5 mmol) of
Nal. The solution was refluxed for 12 hrs. After completion of reaction and usua work-
up and column purification (SO3) 0.37g of butenolide 26 was obtained in 75% yield.

IR cmit: 2937, 1751, 1626, 1446, 1452, 1355, 1190.

'H NMR (200 MHZ) : 1.1-1.65 (m, 4H), 1.65-2.00 (m, 3H), 2.25 (m, 1H), 2.7 (m, 2H),
4.95 (m, 1H), 5.75(s, 1H).

13C-NMR (50 MHz): 25.49 (t), 26.03 (t), 28.62 (t), 29.57 (t), 33.32 (t), 84.52 (d), 115.5
(d), 172.93 (s), 174.54 ().

Mass: 152, 123, 95, 81, 67.

Conversion of 20 into 26 :

Method a:

To a ice cold solution of 0.2g (1.3 mmol) of 3;-hydroxy perhydro cyclohepta[b]
furan-2-one and 0.13g (1.6 mmol) of pyridine in 5 ml of dichloromethane was added,
0199 (1.6 mmol) of SOCL dropwise. The mixture was dirred for 0.5 hrs. After
completion of reaction, 10 ml of saturated solution of NaHCO3 was added. The organic
layer was separated whereas the agueous layer was extracted with 3x10 ml portions of
dichloromethane. The combined organic layer was dried over anhydrous NaSQO,, filtered
and on concentration under reduced pressure and column purification (SO2) 0.145g of
butenolide 26 was obtained in 82% yidld.
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Method b:

To a solution of 0.2g (1.3 mmol) of 34;-hydroxy perhydro cyclohepta[b] furan-2-
one in 5 ml of toluene, was added a catalytic amount of pTSA. The mixture was refluxed
for 40 mins. The solution was then cooled ad neutrdized with 5 ml saturated solution of
NaHCO3, The organic layer was separated and the water layer was extracted with 3x5 ml
of ethyl acetate. The combined organic layer was dried over anhydrous NaSQO,, filtered

and on concentration and column purification (SO>) furnished 0.11g of butenolide 26 in
62% yidd.
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'H NMR 9-lodo-5-oxa tricyclo[4.2.1.0* Jnonan-4-one (CDCl3 200 MHz)
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Chapter 3:
Reductive cleavage of gnitro a, b-unsaturated esters mediated by

MetalYMeOH
Nitro group is a versatile functiondlity that can be utilized for GC bond formation

in a variety of ways. It can be oxidatively cleaved to generate carbonyl compounds or can
be reductively cleaved to furnish the hydrocarbon. The dectrochemicd and chemica
reductive cleavage of tertiary nitro compounds leads to an ungtable anion radicd which
eiminates the nitrite ion giving the corresponding free radica. The subsequent reection
of the free radica gives various compounds including denitrated products (R-H).

—RH

. —R-R
R-NO, —& »R-NO,———R R .
_N02 > /N—O

R ..
olefines

Denitration Reaction (Literature methods).
A vast amount of work has been devoted to the reductive cleavage of CG-NO, bond
using different reagents. Some of the important ones are as follows.

1. Sodium salt of methanethiol :
Kornblum, N.; Carlson,S. C.; Smith, R. G. J. Am.Chem. Soc., 1979, 101, 647.

In 1979, Kornblum et. al.! discovered that the nitro group in tertiay nitro
compoundsiis replaced by hydrogen on trestment with the sodium salt of methanethiol.
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(H,C),C-CH,-C(NO,)(CH,), =% _ (H,C),C-CH,-CH(CH,),

1 HMPA 2 55%
46 hrs.
light

Limitation :

The method using sodium methanethiol ate can be gpplied to various tertiary nitro
compounds, but it has drawbacks due to the high nucleophilicity and the lack of
hydrogen-donor ability of sodium methanethiolate.

2.KOH :
Krasuska, L.; Piotrowska, H.; Urbanski, T. Tetrahedron Letters, 1979, 14, 1243.

This reaction involves the deavage of C-N bond of 5-nitro 1, 3-dioxanes and
replacing the tertiary nitro group by hydrogen atom to yield 1, 3-dioxanes?

R. NO, |

LT e N

thylene glycol O O
o__o ¢ o_ _O
x 140C X 7<
3 4 5
50-55% 8%

R:CHs’ C:2Hs’ n'Cus n'C4H9 R'=H, CH3, C2H5, n-C3H7

Limitation :
KOH isasgtrong base rather than a reducing agent.

3. 1-Benzyl-1, 4-dihydronicotinamide :
Ono, N.; Tamura, R.; Kgji, A. J. Am. Chem. Soc., 1980, 102, 4017
Ono et. al®. have reported light mediated reductive removal of diphatic tertiary
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nitro group with 3 eg. of 1-benzyl-1, 4-dihydronicotinamide (BNAH) a room
temperature and N, atmosphere.

CN AN CN i
| CONH, h L o CONH2
Et—C-CH,CHy-Y + [ ] V. Et—C-CHCH,Y |
| +
NO, N H .\ ll(
CH,Ph CH,PhNO,
6 7 8 9

Y = COMe, CN, COOMe

Limitation ;
The compound which can be denitrated with BNAH are limited to those that are
activated by a cyano, an ester or aketo group.

4. BusSnH :
Ono, N.; Miyake, H.; Tamura, R.; Kgi, A. Tetrahedron letters, 1981, 22, 1705.

In this study it was demondrated that the nitro group in tertiary or secondary
diphatic nitro compound can be replaced by hydrogen on trestment with tributyl tin
hydride*

AIBN (20%)

> R-H + Bu,SnONO

R-NO, + BusSn benzene, reflux 4, i 13
10 11 1-2 hrs.

60-94%
Limitation :

Use of BusSnH is hazardous and toxic which crestes waste disposa problem.

5. Lithium Aluminium Hydride:
Rogni, G.; Bdlini, R. Synthesis, 1983, 137.
This method congsts of the conversion of & nitro ketones into the corresponding tosyl
hydrazones followed by treatment with LAH in THF at 0-10° C to furnish therespective
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_NHTs

0 NO, H,N-NH-Tos/ MeOH N
| > _
<C:>}—8—CH—CH3 LiAIH,/ THF <C:>}~C CH2—CHs

14 80 % 15

denitrated productsin 65-91% yield.®
Limitation :

Lithium auminium hydride reduces the nitro group to the amino group in most cases.

6. Sodium hydrogen telluride:
Suzuki, H.; Takaoka, K.; Osuka, A. Bull.Chem. Soc. Jpn., 1985, 58, 1067
NaHTe is a usgful resgent for replacement of a class of tetiary nitro by

hydrogen.®

COMe COMe
NaHT
Me NO,—— S o M H
16 EtOH 17 100%
COOEt COOEt

Limitation :

Sodium Hydrogen tdluride has wider gpplicability than BNAH, but it has
limtations, namely the need of an activaiing group for smooth denitration. Moreover,
smple nitroakanes are inert to sodium hydrogen tdluride e.g.

NG, NaHTe

e — no reaction

COOEt
18

The reluctance of nitro compounds towards NaHTe might be ascribed to the falure of the
initid dectron transfer from NaHTe to these compounds.
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Therefore, nitro group Stuated at & postion with respect to ketone, ester, and nitrile were

quantitatively recovered after prolonged treatment with NaHTe even a refluxing
conditionsin ethanal.
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Present work:

In view of the above limitations it was decided to explore a new mild method of
reductive remova of nitro group employing Al, Mg or Zn in methanol as the reducing
agent.

O,N o O,N o
- 2 . 2
O,N { { ]
zﬁ/\/COOEt € 5 k--r%/\/koa — 5 =

NS

H™- o)
\(\,cooa \f Ot

d

Scheme-1

Asalogicd extenson it was surmised (scheme-1) that g-nitro-a ,b-unsaturated
compounds when subjected to the trestment of appropriate metal/MeOH would lead to
the formation of b, g-unsaturated esters by addition of one dectron across the double
bond which would generate radica anion b which ether can iminate to ¢ or accept
another dectron to form b’ which by dimination of nitro group would lead to c. In order
to test the efficacy of our hypothesis we synthesized avariety of g-nitro-a ,b-unsaturated
esters (1-8) by the Michadl addition” of nitro compounds to the corresponding activated
acetylenes in the presence of base. These were then subjected to the treatment with
metalYMeOH. Earlier® studiesfrom our group has shown that magnesium in methanol of
g-nitro-a ,b-unsaturated esters brings about reductive denitration to furnish b, g-
unsaturated esters. In order to explore other metals and decide the geometry of the newly
created double bond, it was decided to explore other metals. Table 1 showsthat awide
variety of g-nitro a ,b-unsaturated ester were reductively cleaved using different metasin
MeOH. Theratio of E:Z isomers of compound 6a was determined to be 3:2 from spectral
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Tablel
Reductive cleavage of g-nitro a ,b-unsaturated esters
mediated by usng different metdsin MeOH.

entry substrate product method yield
COOMe

27%
1 , COOMe
40%

MeOOC
COOMe COOMe

37%
COOMe

38%
COOMe

& “é
L g

33%

4 COOMe
46%

H
ON __ COOMe {COOMe 26%
5. e

14 COOMe 14a COOMe 47%
__COOMe H  coome ! 40%
O,N .
6. 35%

22%
COOMe MeOOC COOMe
7. vy Il 39%
COOMe
1 30%
18a

Methods : Al (10 eg.); MeOH, 1I, Mg (10 eq.); MeOH, 111, Zn (10 eg.); MeOH.
andyss (H NMR, 3C NMR) & The methyl on the dowble bond in E isomers appeared at
1.56 ppm while for the Z isomer it appeared at 1.65 ppm. Similarly the *C NMR analysis
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of the methyl of E isomer resonated at 15.75 ppm while that of Z isomer appeared at
22.37 ppm. This was in accordance with the literature reported vaues® The geometry of
the double bond was dso confirmed by NOE experiments by irradiation of the Me and
olefinic proton where an enhancement was observed for Z isomer.

Effect of the geometry of double bond on the product stereochemistry : In
order to study the effect of the geometry of the double bond on the product geometry,
careful chromatography of 16 furnished E isomer in pure form. When pure E isomer was
ubjected to the treatment of Mg/MeOH the reaction conditions a mixture of b, g
unsaturated ester 16a was obtained in the ratio EZ=3:2. This sudy indicates that
irrespective of the geometry of the double bond in the starting nitro olefin, same product
distribution is observed.

From the table 1 it is gpparent that of the three different metds tried ( i.e. Mg, Al
& Zn ), the use of zinc proved to be dightly advantageous (entries 1, 4 & 5). The yidds
obtained by our method are moderate, due to formation of polar intractable compounds
whose structure could not be ascertained. However, the & &unsaturated esters formed in
the reaction could be readily separated by column chromatography as it was reativey
non-polar. The ease of operation, mild conditions employed, and easy avalability of the
metas meke our method an atractive dternaive to the existing methods'®  which
employ expensve and/or harsh conditions. Although there is no dragtic change if one
metal is subgtituted by another one, but by proper choice of reagents and conditions, it
has a potentid of developing into a syntheticaly attractive method.

In concluson, a mild method for the eimination of g-nitro a,b-unsaturated ester has been
developed, by treating compounds having tertiary dlylic nitro functiondity tethered to a,
b-unsaturated esters employing different metalsin MeOH.
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Preparation of substrates:

4-(Cyclohex-1-ene) 4-nitro 6-cyano methyl pent-2-enoate 4:

CN
NO, O,N
(0]
H,CNO, (2 eq) A-21
— A el R
NMe, NH2(0-5 eq.) /\CN
benzene, reflux 1.25 eq.
18 hrs. 509 a) ;6%
1 2
CN
KF(5eq.) O.N
3 + Buj(lér (1eq.) 2 - H
= cooMe (1.25 eq.) COOMe
DMSO 24 hrs.
83%
4
Scheme 2

According to the reported procedure’ condensation of cyclohexanone 1 with
nitromethane in the presence of N, N-dimethyl ethylenediamine as the base furnished 1-
(1-nitromethyl) cyclohexene 2 in 50% vyidd. Michad addition of 1-(1-nitromethyl)
cyclohexene 2 to acrylonitrile in the presence of A-21 without any solvent was carried
out a 0°C to furnish 4-(cyclohex-1-ene) 4-nitro butyronitrile 3 in 62% yield. Second
Michad addition of product 3 to methyl propiolate with potassum fluoride as base and
tetrabutyl ammonium bromide as phase trandfer catdys in dimethyl sulphoxide as the
solvent  furnished 4-(cyclohex-1-ene) 4-nitro 6-cyano methyl pent-2-encate 4 in 83%
yied.

4-(Cyclohept-1-ene) 4-nitro dimethyl hept-2-ene-1,7-dicar boxylate 8:
1-(Cyclohept- 1-ene) nitromethane 6 was prepared by condensation of cycloheptanone 5
with nitroethane employing N, N-dimethyl ethylenediamine as base, in 45% yidd.
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Michadl addition of compound 6 to methyl acrylate usng Amberlys-21 furnished 4-
(cyclohept-1-ene) 4-nitro 2-butenoate 7 in 60% yield.

COOMe
5 NO, ON
H,CNO, (2 eq.) A-21
2 7 e - e e
ngez m2(0.5ﬂeq.) A coome
enzene, reflux 1.25 eq.
- ene, o 45 (125ea) 60%
COOMe
ON H
KE _(5 eq.) R
Bu,NBr (1 eq.
- u,NBr (1 eq.) COOMe
==—coome (1.25 eq.)
DMSO 24 hrs. 74%
Scheme 3

Second Michad addition of product 7 to methyl propiolate under phase transfer
conditions was carried out to get 4-(cyclohept-1-ene) 4-nitro dimethyl hept-2-ene-1,7-
dicarboxylate 8 as viscous ol in 74% yidd.

4-(Cyclohept-1-ene) 6-cyano methyl hex-3-enoate 10:

CN
O,N H
KF_(5 eq.) —
A 21 BuﬁBr(l eq.) COOMe
/\CN =coome (1.25 eq.)
(1.25eq.)

9 63% DMSO 24 hrs. 10 71%

Scheme 4
Michad addition of compound 6 to acrylonitrile on the surface of A-21 at 0°C furnished
4(cyclohept-1-ene) 4-nitrobutyronitrile 9 in 63% yidd. Second Michad addition of
product 9 to methyl propiolate under phase transfer conditions was carried out to get 4
(cyclohept- 1-ene) 6-cyano 4-nitro methyl hex-2-enoate 10 as viscous ail in 71% yield.
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4-(Cyclohex-1-ene) 4-nitro methyl pent-2-enoate 12 :

NO, NO
f KF (5 eq.) _2 H
H.C,NO, (4 eq. -
M, Bu,NBr (1 eq.) _ COOMe
hge;u Nﬁ(oésff?(') =—coove (1.25 eq.)
“ehrs, 540, DMSO 24 hrs. .
1 11 Ty 40%
Scheme 5

Condensation of compound 1 with nitroethane in the presence of base furnished of :(1-
nitroethyl) cyclohexene 11 in 54% vyidd. Michad addition of compound 11 to methyl
propiolate in the presence of KF and phase trander caidyst in dimethyl sulphoxide
furnished 4-(cyclohex- 1-ene) 4-nitro methyl pent-2-enoate 12 as viscous ail in 40% yield.

4-M ethyl 4-nitro dimethyl hepta-2,5-diene-1,7-dicar boxylate 14

KF (5eq.) £O0Me
+ - —
Bu,NBr (1 eq.) O,N H
~No, H54%
13 =——coowme (2.5 eq.) —
DMSO 24 hrs. 14 COOMe
Scheme 6

4-methyl  4-nitro dimethyl hepta-2,5-diene-1,7-dicarboxylate 14 was formed by the
Michad addition of nitroethane 13 (2.5 eg.) with potassum fluoride as base (5 eq.) and
tetrabutyl ammonium bromide as phase trander catays (1 eg.) in dimethyl sulphoxide as
the solvent to furnish compound 14 as viscous ail in 54% yield.
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4-Methyl 4-nitro dimethyl hept-2-ene-1,7-dicarboxylate 16:

“ K Seq.) COOMe
A-21 2 BuNBr (1 eq.) O.N
/\N02 /\_) 4 2 H
13 Z~ “COOMe =—coome (1.25 eq.) —
(1.25 eq.) 15 COOMe  pmMSO 24 hrs. 16  COOMe
63% 7%
Scheme 7

Nitroethane on Michad addition to ethyl acrylate with Amberlyst-21 furnished methyl 4-
nitro pentancate in 45% vyield, which on further Michagl addition with methyl propiolate
in the presence of base furnished 4-methyl 4-nitro dimethyl hept-2-ene-1,7-dicarboxylate

asviscous ail in 77% yield.

4-(Cyclohex-1-ene) 4-nitro dimethyl hept-2-ene-1,7-dicar boxylate 18:

NO, COOMe COOMe
02N 02N H
KF (5 eq.) _
A-21 Bu,/NBr(1eq) COOMe
Z>coome =—coome (1.25 eq.)
(1.25 eq.) 590 DMSO 24 hrs. 83%
0
2 17 18
Scheme 8

4-(Cyclo hex-1-ene) 4-nitro butanocate 17 was obtained by Michad addition of ethyl
acrylateto
1-(1-nitromethyl) cyclohexene 2 on the surface of Amberlys-21 at 0°C. The compound
17 on further Michael addition reaction with methyl propiolate in the presence of base
and phase trandfer catdyst furnished 4-(cyclohex-1-ene)-4-nitro dimethyl hept-2-ene-1,7-
dicarboxylate 18 asaviscous ail in 83 % yield.

All the compounds synthesized were characterized by the spectra (IR, *H NMR,

13C and Mass) andyses.
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Reductive cleavage of gnitro a, b-unsaturated esters mediated by MetalsyMeOH

Experimental :
1-(1-Nitromethyl) Cyclohexene 2:

NO

In a round bottom flask fitted with a DeanStark trap were placed, 2.5g (25.5 mmoal) of
cyclohexanone 1, 6.22g (102 mmol) of the nitromethane and 1.12g (12.8 mmol) of N, N-
dimethylethylene diamine as the caidys in 100 ml. of dry benzene. The reaction mixture
was refluxed for 6 hrs. After completion of reaction, the mixture was cooled, washed
with 20 ml. of 2N HCl and finaly with 20 ml. of water, the organic layer was separated
and water layer was extracted with 2x25 ml of ethyl acetate. The organic layer was then
dried with anhydrous N&SO, filtered and then concentrated on rotary evaporator and the
resdue thus obtaned on column purification usng 2% EtOAc-pet.ether as duent
furnished 2.0g of 1-(1-nitro methyl) cyclohexene 2 as viscous oil in 50% yidld.

IR (neat) cmi* : 1667, 1620, 1520, 1250.

'H NMR (200 MHz) 1.5-1.8 (br m, 4H); 1.9-2.35 (m, 4H); 4.75 (s, 2H); 5.9 (br s, 1H,
olfinic).

4-(Cyclohex-1-ene) 4-nitro butyronitrile 3:

CN
O,N
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Reductive cleavage of gnitro a, b-unsaturated esters mediated by MetalsyMeOH

To a 2g (126 mmol) of 1-(1-nitromethyl) cyclohexene, was added 59 of Amberlys-21
followed by the dropwise addition of 0.83g (158 mmol) of acrylonitrile a 0°C. The
mixture was dgirred for 15 min. and kept for 24 hrs. a room temperature. After
completion of reaction (TLC) 25 ml. of dichloromethane was added, the mixture was
then filtered and washed with 2x10 ml. portions of dichloromethane. The solution was
then dried with anhydrous N&SQ,, filtered and then concentrated on rotary evaporator to
furnish a resdue which on column purification (SO) furnished 1.59 of 4-(cyclohex-1-
ene) 4-nitro butyronitrile 3 as viscous ail in 62% yidd.

IR (neat) cmi* : 2249, 1730, 1680, 1632, 1549, 1436, 1275, 1164.

'H NMR (200 MHZ) : &4 1.45-1.85 (m,4H); 1.9-2.0 (m, 2H); 2.05-2.3 (m, 3H); 2.3-2.6 (m,
3H); 4.9 (t, 1H J=8Hz); 6.0 ( br, s, 1H olefinic).

4-(Cyclohex-1-ene)4-nitro 6-cyano methyl hex-2-enoate 4:

CN
ON
H

COOMe

To a dirred solution of 1g (5.2 mmol) of 4-(cyclohex-1-ene) 4-nitro butyronitrile in 25
ml. DMSO, was added 1.49g (26 mmol) of KF and 1.66g (5.2 mmol) of tetrabutyl
ammonium bromide. The reaction mixture was girred for 1 hr. a room temperature. To
this, 0.65g (7.8 mmol) of methyl propiolate was added dropwise and the reaction mixture
was dirred further for 24 hrs. a room temperature. At the end of the reaction, 100 ml. of
water was added. Extraction with ethyl acetate (3x50 ml.), drying with anhydrous sodium
ulphate, concentration and on column purification of the resdue furnished 1.2g9 of 4-
(cyclohex-1-ene) 4-nitro 6-cyano methyl pent-2-enoate 4 as viscous il in 83% yield.

IR (neat) cmi* : 2249, 1764, 1712, 1620.
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Reductive cleavage of gnitro a, b-unsaturated esters mediated by MetalsyMeOH

'H NMR (200 MHZ) : & 1.2-1.9 (m, 4H); 2.05 (m, 2H); 2.2-2.6 (m, 6H); 3.8 (s, 3H, -
COOCHs3); 59 (d, 1H, JF18 Hz dl€finic); 6.15 (m, 1H olefinic); 7.4 (d, 1H J16 Hz,
olefinic).

13C NMR (50 MHz) : 21.6 (t), 22.5 (1), 24.9 (1), 25.4 (t), 29.2 (t), 29.6 (t), 30.9 (1), 51.7
(@), 97.4 (9), 123.4 (d), 129.4 (t), 133.8(s), 142.8 (d), 165.4 (s), 172 (9).

1-(Cyclohept-1-ene) nitromethane 6:

NO,

A solution of 2g (17.9 mmoal ) of cycloheptanone, 4.36g (71.6 mmol) of nitromethane and
0.79g (8.95 mmol) of N, N-dimethyl ethylenediamine as a base in 25 ml. of benzene was
refluxed for 12 hrs After completion of the reaction, usuad work up and column
purification furnished 1.25g of 1-(cyclohept-1-ene) nitromethane 6 as viscous ail in 45%
yied.

IR (nest) cm* : 1712, 1642.

'H NMR (200 MHZ) : & 1.55 (m, 4H); 1.8 (m, 2H); 2.2 (m, 4H); 4.8 (s, 2H); 6.05 (t, 1H
olfinic).

4-(Cyclohept-1-ene) 4-nitro dimethyl hept-2-ene-1,7-dicar boxylate 8:

COOMe

O,N
2 H

COOMe
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Reductive cleavage of gnitro a, b-unsaturated esters mediated by MetalsyMeOH

To asolution of 0.50 gm (2.1 mmol) of 4 (cyclohept-1-ene) 4nitro 2butenoate in 25 ml
DMSO was added 0.60 gm KF (10.5 mmol) and 0.67 gm (2.1 mmol) of nBusNBr and
dirred a RT for 1 hr. To the reaction mixture a RT, 0.26 gm (3 mmol) of methyl
propiolate was added dropwise. Reaction mixture was gtirred at room temperature for 24
hrs. After completion of reaction (TLC), usud work-up and column chromatography
(802) furnished 0.5 gm (74% yidd) of 4-(cyclohept-1-ene) 4-nitro dimethyl hept-2-ene-
1,7-dicarboxylate 8 as viscous ail.

IR (neat) cmi* : 1712, 1642, 1555, 1520 1374, 1280.

'H NMR (200 MHz) : 4 1.3-1.6 (m, 4H), 1.6-1.9 (m, 3H), 2.0-2.1 (m, 2H), 2.15-2.4 (m,
4H), 2.6-2.8 (m, 1H), 3.65 (s, 3H —COOMe), 3.75 (s, 3H —COOCHz3), 5.7-5.9 (d, 1H,
J16Hz, olefinic), 6.15 (t, 1H, J=8Hz, ol€finic), 7.35-7.55 (d, 1H, J=16Hz, ol€finic).

4(Cyclohep-1-ene) 4-nitrobutyronitrile 9:

CN
O,N

To a 1g (6.5 mmoal) of 1-(cyclohept-1-ene) nitro methane, was added to 3g of Amberlys-
21 and 051g (9.67 mmol) of acrylonitrile dropwise & 0°C. The mixture was girred for
10-15 minutes, which was then kept without girring for 24 hrs. a room temperature.
Extraction of the compound usng 3x25 ml.of dichloromethane drying with sodium
sulphate, concentration on rotary evaporator and column purification furnished 0.85g of 4
(cyclohep-1-ene) 4-nitrobutyronitrile 9 as viscous il in 63%.

IR (neat) cmi* : 1642, 1712, 1555, 1373, 1279.

'H NMR (200 MHZ) : 41.35-1.7 (m, 4H); 1.7-1.95 (m, 2H); 2-2.3 (m, 4H); 2.3-2.6 (m,
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3H); 4.9 (t, 1H J=8Hz); 6.15 (t, 1H J7.5 H2).
4-(Cyclohept-1-ene) 6-cyano methyl hex-3-enoate 10:

CN
O,N Y

COOMe

To a dirred solution of 0.5g (24 mmoal) of 4(cyclohex-1-ene) 4nitro butyronitrile in 15
m. DMSO, was added 0.7g (12 mmol) of KF and 0.77g (24 mmol) of tetrabutyl
ammonium bromide. The reaction mixture was girred for 1 hr. a room temperature. To
this, 0.3g (3.6 mmol) of methyl propiolate was added dropwise and the reaction micture
was dtirred further for 24 hrs. a room temperature. At the end of the reaction, 100 ml. of
water was added. Extraction with ethyl acetate (3x50 ml.), concentration and on column
purification of the resdue furnished 0.5g of 4-(cyclohept-1-ene) 6-cyano 4-nitro methyl
hex-2-enoate 10 asviscous oil in 71% yidd.

IR (neat) cmi* : 2359, 1721, 1549, 1215,

'H NMR (200 MHz) : 8 1.35 (m, 4H); 1.75 (m, 2H); 2.05 (m, 2H); 2.3 (m, 4H); 2.45 (m,
2H): 2.65 (m, 1H); 3.75 (s, 3H); 4.85 (d, 1H J16 Hz); 6.15 (t, 1H J=8Hz) 7.35-7.55 (d,
1H, J=16Hz, olefinic).

13CNMR (50 MHz): 13.3 (t), 25.9 (t), 26.4 (t), 285 (t), 29.7 (1), 30.4 (t), 31.8 (t), 32.1 (t),
52.1 (q), 97.7 (), 118 (s), 124.6 (d), 134.7 (d), 139.2 (s), 141.6 (5), 165.2 ().

1-(1-Nitr oethyl)cyclohexene 11:
NO
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Reductive cleavage of gnitro a, b-unsaturated esters mediated by MetalsyMeOH

In a round bottom flask fitted with a DearStark apparatus, 2g (204 mmol) of
cyclohexanone 1 with 6.12g (81.6 mmol) of nitroethane 13 usng 0.90g (10.2 mmol) of
N,N-dimethylethylenediamine as the catdyst in 100 ml benzene, was refluxed for 18 hrs.
After completion of reaction (TLC), benzene was evaporated under reduced pressure to
furnish a reddue. Column chromatography (SO,) of the resdue usng 2% EtOAc-
pet.ether furnished 1.70g of 1-(1-nitroethyl)cyclohexene 11 as viscous ail in 54% yield.

IR (neat) cmi* : 2900, 1540, 1440, 1380, 1350

'H-NMR (200 MHz, CDCk) d: 1.60 (d, J=7.3Hz, 3H, CHs) 1.75-1.45 (br m, 4H), 2.15-
1.95 (br m, 4H), 4.95 (g, 1H), 5.90 (br s, 1H, olefinic).

Mass (m/e): 109, 107, 93, 91, 81, 79, 77, 67.

4-(Cyclohex-1-ene) 4-nitro methyl pent-2-enoate 12 :
NO,H

COOMe

0.50g (3.22 mmol) of 1-(1-nitroethyl)cyclohexene 11 was stirred at RT with 0.94g (16.1
mmol) of KF and 1.03g (3.22 mmoal) of tetrabutyl ammonium bromide in 25 ml DMSO
for 1 hr. To this 0.41g (4.83 mmol) of methyl propiolate was added dropwise and the
reaction mixture was dtirred a RT for 24 hrs. After completion of the reaction (TLC), the
reaction mixture was poured into 100 ml of water. Extraction with ethyl acetate (3 x 50
ml), drying with anhydrous sodium sulphate and concentration under reduced pressure
furnished a resdue. Column chromatography (SO,) of the resdue usng 2% EtOAc-
pet.ether as the duent furnished 0.31g of 4(cyclohex-1-ene) 4nitro methyl pent-2-enoate
12 asviscous oil in 40% yidd.

IR (neat) cmi* : 2900, 1720, 1630, 1530, 1425, 1370, 1280, 1020, 980.
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Reductive cleavage of gnitro a, b-unsaturated esters mediated by MetalsyMeOH
'H-NMR (200 MHz, CDCl) d: 1.75-1.50 (m, 4H) 1.85 (s, 3H, CHs), 2.0-1.85 (br m,
2H),. 2.05-2.50 (br m, 2H), 3.75 (s, 3H, COOCHz3), 5.95 (m, 1H, dlefinic), 5.95 (d, 1H,
J=17 Hz, dlefinic), 7.42 (d, 1H, J=17 Hz, ol€finic).

Mass (m/e): 193, 177, 162, 149, 133, 117, 105, 91, 79, 77, 67, 59, 55.

4-Methyl 4-nitro dimethyl hepta-2,5-diene-1,7-dicar boxylate 14:

COOMe

IT

ON COOMe

To a solution of 0.50 g (6.66 mmol) of nitroethane 13 in 25 ml DM SO was added 1.93 g
KF (33.3 mmoal) and 2.13g (6.66 mmol) of nBusNBr and stirred a RT for 1 hr. To the
reaction mixture a RT, 1.40 gm (16.6 mmol) of methyl propiolate was added dropwise.
Reaction mixture was dirred & room temperature for 24 hrs. After completion of reaction
(TLC), usua work-up and column chromatography (SO2) furnished 087 gm of 4-
methyl 4-nitro dimethyl hepta-2,5-diene-1,7-dicarboxylate 14 as viscous oil in 54% vyield.
Product obtained was a mixture of (EE), (EZ) and (Z,2) Serecisomericdly dlylic nitro
compounds with the (E,E) isomer being the mgor one.

IR (neat) cmi* : 2920, 1720, 1650, 1550, 1435, 1380, 1190, 980

'H-NMR (200 MHz, CDCk) d: (M&or E,E isomer) 1.91 (s, 3H, CHs), 3.79 (s, 6H, -
COOCHs3), 6.05 (d, J15Hz, 2H, ol€finic), 7.19 (d, J15Hz, 2H, olefinic). In addition,
there were peaks at 1.99 d (s, 3H, CHs) for (E,Z isomer), 3.69 d (s, 6H, -COOCHs) (Z,2),
3.77 (s, 6H, COOCHs3) (E,Z) isomer and 5.95-6.04 (m, olefinic), 7.10-7.50 (m, ol&finic)
(for E,Z and Z,Z) isomer.
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Reductive cleavage of gnitro a, b-unsaturated esters mediated by MetalsyMeOH

4-Nitro methyl butanoate 15:

ON

)wCOOMe

2 gm (26.7 mmol) of nitroethane 13 was dirred on the surface of 53 of Amberlyst-21 for
30 minutes under N, atmosphere at room temperature. The reaction was cooled to OC
and 2.29 gm (26.7 mmol) of methyl acrylate was added dropwise with vigorous irring.
Reaction was kept for 24 hrs. a room temperature. After completion of reaction (TLC),
washing A-21 with dichloromethane and concentration under reduced pressure furnished
a resdue. Column chromatography (SO») of the resdue furnished 2.7g of 4nitro methyl
heptanoate 15 as viscous oil in 63% yidd.

IR (neat) cmi* : 2840, 1740, 1540, 1370, 1170

'H-NMR (90 MHz, CDCk) d: 1.53 (d, J=8Hz, 3H), 2.0-2.48 (m, 4H), 3.70 (s, 3H,
COOCHz3), 4.60 (m, 1H).

4-M ethyl 4-nitro dimethyl hept-2-ene-1,7-dicar boxylate 16:

COOMe

ON_ —

H

COOMe

0.50g (3.10 mmoal) of 4-nitro methyl heptanoate 15 was stirred a room temperature with
0.90g 15.5 mmal) of KF and 1.0g (3.10 mmol) of nBusNBr in 25 ml DM SO for 30
minutes. To the reaction mixture, 0.39g (4.66 mmol) of methyl propiolate was added
dropwise and the reaction mixture was stirred at RT for 24 hrs. After completion of
reection (TLC), usua work-up and column chromatography (S O) furnished 0.59 gm of
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Reductive cleavage of gnitro a, b-unsaturated esters mediated by MetalsyMeOH

4-methyl 4-nitro dimethyl hept-2-ene-1,7-dicarboxylate 16 was obtained as viscous ail in
77% yield.

IR (neat) cmi* : 2900, 1750, 1720, 1620, 1540, 1370, 1160.

'H-NMR (90 MHz, CDCk) d: 1.71 (s, 3H, CHs), 2.20-251 (m, 4H), 3.66 (s, 3H,
COOCHz3), 3.72 (s, 3H, COOCHs), 6.95 (d, J=16Hz, 1H, adlé€finic), 7.10 (d, J=16Hz, 1H,
olfinic).

4-(Cyclo hex-1-ene) 4-nitro butanoate 17:

COOMe
O,N

2 gm (14 mmol) of E(1-nitro methyl) cycohexene 2 was girred on the surface of 5g of
the resn Amberlys-21 for 30 minutes under N2 amosphere at RT. The reaction was
cooled to @C and 1.21g (14 mmol) of methyl acrylate was added dropwise with vigorous
dirring. Reaction was kept for 24 hrs. a room temperature. After completion of reaction
(TLC), the resn was washed with dichloromethane which on filtration and concentration
on reduced pressure furnished a resdue. Column chromatography (SO2) of the residue
furnished 1.9g of 4-(cyclo hex-1-ene) 4-nitro butanoate 17 as viscous ail in 59%.

IR (nesat) cmt : 1735, 1667, 1620, 1600, 1520.

'H NMR (200 MHz) :1.45-1.8 (m, 4H), 1.95-2.3 (m, 6H), 2.3-2.5 (m, 2H), 3.65 (s, 3H-
COOMe), 4.9 (t, 1IH =8 Mz>CH-NO,), 5.95 (t, 1H, J=3 Mz dl€finic).
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4-(Cyclohex-1-ene) 4-nitro dimethyl hept-2-ene-1,7-dicar boxylate 18:

COOMe
O,N

COOMe

To a dirred solution of 1g (4.4 mmol) of 4(cyclo hex-1-ene) 4nitro butanoate 17 in 25
ml. DMSO, was added 1.28g (22 mmol) of KF and 1.41g (4.4 mmol) of tetrabutyl
ammonium bromide. The reaction mixture was girred for 1 hr. a room temperature. To
this, 0.56g (6.6 mmol) of methyl propiolate was added dropwise and the reaction mixture
was dtirred further for 24 hrs. a room temperature. At the end of the reaction, 100 ml. of
water was added. Extraction with ethyl acetate (3x50 ml.), drying with anhydrous
NaSO,, filtration and concentration on rotary evaporaor and findly on column
purification of the resdue furnished 1.14g of 4-(cyclohex-1-ene) 4-nitro dimethyl hept-2-
ene-1,7-dicarboxylate 18 as viscous ail in 83% yidld.

IR (neat) cmi* : 1735, 1715, 1667, 1631, 1520, 1216, 1160.

'H NMR (200 MHz) :1.45-1.65 (m, 4H), 1.7-1.9 (m, 2H), 2.05-2.2 (m, 2H), 2.2-2.4 (m,
2H), 2.55-2.8 (m, 2H), 3.65 (s, 3H-COOCH;3), 3.75 (s, 3H-COOCH;3), 5.75-5.9 (d, 1H,
J16Hz, olefinic), 5.95 (t, 1H, J=8Hz, dlefinic), 7.3-7.45 (d, 1H, J=16Hz, ol€finic).

General Procedure for the preparation of denitrated product: To a solution of
Immal of gnitro a,b-unsaturated ester ( 1-8 ) in 15 ml of dry methanol a room
temperature under nitrogen amosphere, 5-10 eq.( as mentioned above ) of freshly
activated metd (metas were activated by washing it with dilute hydrochloric acid, water,
and acetone and drying it a 100°C in oven for overnight) in form of turnings or powder

was added. The reaction mixture was stirred at room temperature for 12 hrs. After
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completion of reaction (TLC), acidic workup and column chromatography furnished the
denitrated b, g-unsatuarted ester in about 22-47% yield.

4-(Cyclohex-1-ene) 6-cyano methyl hex-3-enoate 4a:

NC COOMe

IR (neat) cm* : 2248, 1716, 1635, 1541, 1436, 1174.

'H NMR (200 MHz) : & 1.4-1.8 (m, 6H), 22.25 (m, 4H), 2.35 (m, 2H), 3.25 (d, J=8Hz
2H), 3.75 (s, 3H —-COOCHz3), 5.8 (br m, 1H olefinic), 5.85 (t, 1H J=8Hz olefinic).

Mass (m/e): 233, 217, 175, 91, 69, 55.

4-(Cyclohept-1-ene) dimethyl hept-3-ene-1,7-dicarboxylate 8a:

MeOOC COOMe

IR (neat) cmi* : 1735, 1667, 1620.
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'H-NMR (200 MHz, CDCh) d :1.4-1.6 (m, 4H), 1.6-1.85 (m, 3H), 2.2-2.45 (m, 5H), 2.5-
2.6 (m, 2H), 3.15 (d, 2H >CH-CH,-COOMe), 3.65 (s, 3H —COOCHSz), 3.7 (s, 3H —
COOCHj3), 5.55 (t, 1H J=8Hz olefinic), 5.85 (t, 1H J=8Hz ol&finic).

13C NMR (50 MHz) : 24 (t), 26.6 (t), 28.3 (t), 29.5 (t), 30.5 (t), 32.2 (t), 32.8(t), 33 (1),
51.1(q), 51.4 (q), 116.8 (d), 128.8 (d), 144.2 (s), 144.8 (s), 171.8 (), 173 (S).

4-(Cyclohept-1-ene) 6-cyano methyl hex-3-enoate 10a:

NC COOMe

IR (neat) cmi* : 2250, 1764, 1697, 1549, 1091.

'H NMR (200 MHz) : & 1.35 (m, 4H); 1.45 (m, 4H); 1.8 (m, 2H); 2.3 (m, 4H); 3.15 (d,
2H); 3.65 (s, 3H —COOCHj3); 5.65 (t, 1H J=6Hz dlefinic); 5.9 (t, 1H J=6Hz ol€finic).

13C NMR (50 MHz) : 16.2 (t), 26( t), 26.2 (t), 27.8 (t), 28 (t), 32 (t), 32.2 (t), 34 (t), 51
(0), 54 (t), 118 (d), 133 (d), 142 (s), 150 (), 172 (9).

Mass (m/e): 247, 188, 176, 66.

4-(Cyclohex-1-ene) methyl pent-3-enoate 12a:

7z COOMe
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IR (neat) cmi* : 2880, 1740, 1630, 1410, 1275, 1040.

'H-NMR (200 MHz, CDCls) d: 1.75-1.45 (br m, 4H), 1.80 (s, 3H, CHs), 2.25-2.10 (br m,
4H), 3.20 (d, 2H, J8Hz, CHy), 3.72 (s, 3H, -COOCHs3), 5.65 (t, 1H, J=8 Hz ol€finic)
5.85 (br m, 1H, ol€finic),.

Mass (m/e): 194, 179, 135, 120, 111, 79, 82, 54.

4-Methyl dimethyl hept-3-ene-1,7-dicar boxylate 14a:

COOMe

COOMe

IR (nest) et : 2860, 1750-1730, 1640, 1150, 930.

'H-NMR (200 MHz, CDCk) d : 1.56 (s, 3H, -CCHs= for E isomer), 1.65 (s, 3H, -CCHas=
for Z isomer), 2.28 (m, 4H), 294 (d, 2H J=8 Hz for E isomer), 2.98 (d, 2H J=8 Hz for Z
isomer), 3.57 (s, 3H, -COOCHj), 3.58 (s, 3H, -COOCHs), 5.25 (m, 1H, olfinic).
13C-NMR (50 MHz, CDCk) d : 15.75 (q), 22.37 (), 26.70 (t), 32.07 (t), 32.88 (t), 33.91
(t), 33.7 (t), 51.5 (q), 51.7 (q), 116 (d), 117 (d), 137 (5), 172.2 (5), 173.4(S).

Mass (m/e) : 169, 153, 141, 135, 128, 125, 113, 99, 97, 85, 81, 71, 59, 55.

4-(Cyclohex-1-ene) dimethyl hept-3-ene-1,7-dicar boxylate 18a:
MeOOC COOMe

y H
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IR (nest) cm* : 1735, 1712,

'H-NMR (200 MHz, CDCk) d :1.3-1.75 (m, 4H), 1.8-2.2 (m, 4H), 2.25-2.45 (m, 2H),
2.45-2.7 (m, 2H), 3.2 (d, 2H J=5.4Hz), 3.7 (s, 3H -COOCHj3), 3.72 (s, 3H-COOCHj3), 5.6
(t, 1H J=8Hz ol€finic), 5.8 (br s, 1H dlefinic).

13C NMR (50 MHz) : 23 (1), 235 (t), 26 (), 26.5(t), 33.4 (t), 33.8 (t), 51.5 (), 51.7 (q),
117 (d), 124 (d), 136 (s), 142 (3), 172 (s), 173 (9).
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