Abstract
The thesis entitled “Stereoselective total synthesis of obolactone and PF1163A;
diastereoselective allylation of iminium ion protocol for the total synthesis of (+)deoxoprosopinine and studies towards total synthesis of (+)-deoxoprosophylline” is
divided into three chapters.
Chapter I: Brønsted acid catalysed tandem cyclization protocol for the stereoselective
total synthesis of obolactone
This chapter deals with stereoselective total synthesis of obolactone
Lactone rings are a common structural feature of many natural products.1 As a
matter of fact, 5,6-dihydropyran-2-ones of both natural and non-natural origin have been
found to be cytotoxic.2 In addition, they inhibit HIV protease,3 induce apoptosis,4,5 and have
even proven to be antileukemic,6 along with having many other relevant pharmacological
properties.7 At least some of these pharmacological effects may be related to the presence of
the conjugated double bond, which acts as a Michael acceptor.1a,8
Recently, pyrone containing natural product, obolactone 1 (Figure 1) was isolated by
Guéritte and co-workers from Cryptocarya obovata.9 Obolactone 1 is unique in the sense
that two dihydropyrones, namely a γ-pyrone and α-pyrone are linked through a methylene
bridge thus presenting a rare structural motif. Our group interested in the total synthesis of
α-pyrone containing natural products due to their structural diversity, substitution pattern on
the side-chain, their ubiquitous presence coupled with varied biological activity10 and
reported the synthesis of some 6-alkyl α-pyrone containing natural products earlier.11
Recently Pan and co-workers reported the first asymmetric total synthesis of 1 via RCM
protocol.12 Attracted by its structural elegance and complexity, alternative strategy was
explored that allows far simpler and efficient access to such skeleton containing natural
products. Herein this chapter, the stereoselective total synthesis of 1 will be discussed in
detail by the Brønsted acid mediated tandem cyclization of the diketone 10 in one-pot.
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The Retrosynthetic analysis (Scheme 1) revealed that Brønsted acid (PTSA)
mediated tandem cyclization of the appropriately substituted diketone 10 to result in the
target 1. Diketone 10 in turn could be synthesized from compound 8 by Swern oxidation
followed by aldol addition with benzylideneacetone and oxidation of resulting secondary
hydroxyl group by Dess-Martin periodinane. Compound 8 was obtained from 5 in series of
reactions such as oxidative cleavage of terminal double bond, subsequently thus obtained
aldehyde was utilized for cis-Wittig olefination and deprotection of PMB protecting group.
The compound 5, in turn obtained from compound 2 by Swern oxidation, Keck asymmetric
allylation and silylation reactions. To realise the compound 2, 3-butyn-1-ol was chosen as
starting material upon which several transformations such as formylation, stereospecific
hydride reduction of propargylic alcohol to ‘E’ allylic alcohol, Sharpless asymmetric
epoxidation, reductive ring opening of epoxy alcohol, protections and deprotections were
carried out to lead to the compound 2 (Scheme 1).
Accordingly, the synthesis (Scheme 2) commenced from the commercially available
3-butyn-1-ol and its transformations to a known alcohol 2.13 Next, 2 was oxidized to
aldehyde under Swern conditions and was immediately subjected to Keck asymmetric
allylation14 reaction {(R,R)-Binol/Ti(OiPr)4/allyltri-n-butyltin/CH2Cl2/-78 to -20 oC) to
afford homoallyl alcohol 3 in good yield (75%, over two steps) and diastereoselectivity (dr
9:1). The absolute stereochemistry of the newly created stereogenic center was assigned
based on the Rychnovsky’s analogy of the corresponding acetonide 4.15 For instance, the
13

C NMR of 4 revealed the carbon atoms of the acetonide methyls at δ 19.8 and at δ 30.1

ppm characteristic of the acetonide derivative of a syn-1,3-diol moiety. Thus the relative
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stereochemistry of the newly created stereogenic center was unequivocally assigned as syn
to the existing one and its absolute stereochemistry as ‘R’. Having obtained the 1,3-diol 3
that is differently functionalized at both the ends, the free hydroxyl group was protected as
its silyl ether under the conventional reaction conditions to afford 5 (90%). Since the
terminal olefin present in 5 was conceived as the masked carbonyl group, its
dihydroxylation {OsO4/NMO/acetone:H2O (4:1)} and oxidative cleavage (NaIO4/sat. aq.
NaHCO3/CH2Cl2/rt) gave the corresponding aldehyde which on a Wittig olefination
reaction16 {(CF3CH2O)2POCH2COOCH3/KHMDS/18-Crown-6/THF/-78 oC-rt/12h}

furnished the α,β-unsaturated ester 7 (70%, over three steps) predominantly as the (Z)isomer, as characterized by 1H and 13C NMR spectroscopy. The coupling constant (J = 11.7
Hz) and the chemical shift values (δ 6.35-6.26 ppm as a multiplet and at δ 5.80 ppm as a
3
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doublet) confirmed the (Z)-geometry of the olefin. Later the PMB group was deblocked
(DDQ/CH2Cl2:H2O/rt/0.5h) to afford compound 8 (90%).
The alcohol 8 was oxidized to aldehyde under Swern reaction conditions which on
crucial aldol reaction with the in situ generated anion of benzylideneacetone
(LHMDS/THF/-78 oC) furnished compound 9 (65%) as a 1:1 diastereomeric mixture. The
diastereomeric mixture was taken up for the next reaction without any purification since the
alcohol transforms into ketone functionality in the next step. Accordingly, the alcohol was
oxidized (DMP/NaHCO3/CH2Cl2/0 oC-rt/1h) to afford the diketone 10 (80%) which was
earlier identified as the crucial intermediate. The diketone 10 was characterized by its
spectral data. For instance, 1H NMR spectrum revealed the protons due to characteristic
methylene flanked by two ketone groups at δ 3.10-2.90 as a multiplet integrating for one
proton while the other proton showed at δ 2.78-2.67 as a multiplet. The same protons were
present at δ 2.89-2.64 as a multiplet in compound 9. Later the tandem PTSA catalyzed
cyclization of 10 to result in 1 was effected by the literature inspired report for the γ-pyrone
ring construction.17 Thus, 10 on exposure to PTSA in benzene at room temperature for 4h
afforded the target natural product 1 (75%) through a multiple reaction set; namely silyl
deprotection-tandem ring-closing reactions in an unprecedented single step. The physical
and spectroscopic data of synthetic 1 is consistent with the reported values.9,12 The HRMS
spectrum displayed the [M+Na]+ 333.1109, calculated 333.1102 for the molecular formula
C19H18O4Na.
In conclusion, the total synthesis of obolactone 1 was accomplished via Brønsted
acid mediated tandem cyclization protocol as the key reaction to realize a methylene
bridged bis-dihydropyrone ring skeleton in one-pot in a highly efficient manner. This
strategy may be adopted for the synthesis of similar ring-containing natural products.
Chapter II: Stereoselecive total synthesis of antifungal antibiotic PF1163A
This chapter deals with stereoselective total synthesis of PF1163A
People who are infected by HIV and those who have undergone chemotherapy for
cancer are susceptible to infections caused by yeast and fungi. Most prevalently used
antifungal agents like polyenes and azoles are less potent, toxic and develops resistance
over a period of usage. Hence development of novel antifungal antibiotic is necessary.
Recently two novel antifungal antibiotics PF1163A 11 and PF1163B 12 (Figure 2) were
isolated from fermentation broth of Penicillium sp.18a Both 11 and 12 exhibit potent growth
inhibitory activity against pathogenic fungal strain Candida albicans and were shown to
4

Abstract
inhibit the biosynthetic pathway from lanosterol to ergosterol in Candida albicans, but
inhibiting activity of 11 being equal to fluconazol and four folds higher than 12 (Figure 2).
Sasaki et al18b elucidated structures of 11 and 12 by extensive chemical and spectroscopic
analysis. The absolute structure of 11 was confirmed by its total synthesis.19a Unique
structural features of 11 includes a 13-membered macrolide consisting of an ester and
amide functional groups; 2-hydroxy ethyl derivative of N-methyl L-tyrosine, isolated
methyl stereocentre on the macrocyclic core and an aliphatic side chain possessing one
hydroxyl group. The structures of 11 and 12 are similar except for the presence of an
additional hydroxyl group in the side chain of 11, this change may be responsible for four
folds higher biological activity than 12. Attractive biological activity and our interest in the
synthesis20 of biologically active macrolide natural products inspired us to take up the
synthesis of 11. So far two syntheses19a,b have been reported for 11. While in the first
synthesis,19a asymmetric allyltitanation and esterification were the key steps and the second
synthesis19b was accomplished by Prins cyclization and RCM protocol. Herein this chapter,
total synthesis of 11 was accomplished using Keck asymmetric allylation, Sharpless kinetic
resolution, regioselective epoxide-ring opening and ring-closing metathesis as the key
reactions, details will be dicussed.
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From retrosynthetic analysis (Scheme 3) it could be deduced that 14, 19 and 25 are
the key building blocks. Initially, a cross-metathesis based approach between ester 26 and
25 was attempted resulting in the corresponding product. However, this approach was
discontinued due to scale up problems. Alternatively, a ring-closing metathesis (RCM)
approach was envisioned. Accordingly, fragment 14 identified as one of the building
blocks, in turn could be visualized from compound 13 (vide infra Scheme 4) through a
series of reactions such as oxidative cleavage of the olefin, vinylation and Sharpless kinetic
resolution. Compound 13 in turn could be obtained from commercially available nbutyraldehyde by Keck asymmetric allylation21 followed by further transformations as
reported in the literature.22 Synthesis of L-tyrosine derivative 19 commenced from known
compound 15.23 To conceive the lone methyl stereocentre of 25, the known allylic alcohol
2024 was chosen which upon Sharpless asymmetric epoxidation and regioselective ringopening of 2,3-epoxy alcohol with trimethyl aluminium in an SN2 fashion as the reaction-set
and further transformations of the ensuing product would eventually lead to olefin 23.
Deprotection of TBDPS protecting group in 23 would give primary alcohol 24 which on
oxidation under TEMPO and BIAB conditions furnishes the requisite carboxylic acid 25.
O
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Scheme: 4. Reagents and conditions. (a) (i) OsO4 , NaIO4 , 2,6-lutidine, 1,4-dioxane:H2 O (3:1), rt, 4.5h; (ii)
vinyl magnesium bromide, dry THF, -20 oC, 1h, 75%; (iii) (+)-DIPT, Ti(OiPr)4, CHP, 4Å MS, dry CH2 Cl2 ,
-20 o C, 12h, 45%.
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Thus, initial focus was on the synthesis of fragment 14 (Scheme 4), from
commercially available n-butyraldehyde. Transformation of n-butyraldehyde into benzyl
protected homoallyl alcohol 1322 (it was thoroughly characterized earlier. Its ee was found
to be 95%) was earlier demonstrated in our group during the synthesis of piperidine
alkaloids. Taking cue, oxidative cleavage25 {NaIO4/OsO4/2,6-lutidine/1,4-dioxane:H2O
(3:1)/rt/4.5h} of the terminal double bond in 13 afforded aldehyde, which on vinylation
(vinyl magnesium bromide/dry THF/-20 oC/1h) gave a 1:1 diastereomeric mixture of allylic
alcohol 14 (75% combined yield). Alternatively, diastereomerically pure compound 14 was
obtained by Sharpless kinetic resolution26 {(+)-DIPT/Ti(OiPr)4/CHP/4Ǻ MS/dry CH2Cl2/20 oC/12h/45%}.
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Scheme: 5. Reagents and cond itions. (a) MeI, Ag 2O, DMF, rt, 9h, 85%; (b) (i) NaIO 4, OsO 4, 2,6-lutidine, 1,4-dioxane:H 2O
(3:1), rt, 4h; (ii) NaBH4, MeOH, 0 oC-rt, 1h, 80% (over two steps); (c) Benzyl bromide, Ag 2O, DMF, rt, 12h, 83%; (d) LiOH,
THF:MeOH:H 2O (3:1:1), 0 oC-rt, 6h, 84%.

The synthesis of amino acid fragment 19 (Scheme 5) commenced from known
compound O-allyl N-Boc-L-tyrosine 15.23 N-Methylation (CH3I/Ag2O/DMF/rt/9h) of
compound 15 afforded 16 (85%). Oxidative cleavage25 {NaIO4/OsO4/2,6-lutidine/1,4dioxane:H2O (3:1)/rt/4h} of olefin in compound 16 afforded aldehyde which without further
purification was subjected to reduction (NaBH4/MeOH/0 oC-rt/1h) to afford 17 (80%, over
two steps). The thus obtained primary alcohol 17 was protected as its benzyl ether
(BnBr/Ag2O/DMF/rt/12h) to furnish 18 (83%). Finally, saponification of the compound 18
{LiOH/THF:MeOH:H2O (3:1:1)/0 oC-rt/6h} gave 19 (84%). The spectroscopic data of 18
and 19 matched with the reported values.27
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Scheme: 6. Reagents and cond itions. (a) (+)-DIPT, Ti(O iPr)4, CHP, 4Å MS, dry CH2Cl2, -20 oC, 6h, 90%; (b) Me3Al, hexane, 0 oC,
1h, 86%; (c) I2, TPP, imidazole, dry CH2Cl2, 0 oC-rt, 2h, 70%; (d) TBAF, dry THF, 0 oC-rt, 1h, 90%; (e) TEMPO, BIAB,
CH 2Cl2:H 2O (3:1), 0 oC-rt, 12h, 82%.

Synthesis of fragment 25 (Scheme 6) commenced from the known allylic alcohol
20.24 Accordingly, Sharpless epoxidation28 {(+)-DIPT/Ti(OiPr)4/CHP/4Ǻ MS/dry CH2Cl2/20 oC/6h/90%} of 20 afforded 21 and its ee was evaluated by HPLC as 88.76%. The 2,3epoxyalcohol 21 on regioselectively29 ring-opening reaction by the methyl nucleophile
generated in situ from Me3Al (Me3Al/hexane/0 oC/1h) in SN2 fashion gave a mixture of 1,2diol (22a) and 1,3-diol (22b) (C3:C2, in a 8:2 ratio, 86% combined yield), the mixture as
such was subjected to iodination (I2/TPP/imidazole/dry CH2Cl2/0 oC-rt/2h), wherein only
1,2-diol 22a was consumed to afford terminal olefin 23 (70%). The isomeric diols were thus
purified. Olefin 23 was characterised from its spectral data. Next, desilylation (TBAF/dry
THF/0 oC-rt/1h) of 23 furnished the corresponding primary alcohol 24 (90%). Thus
obtained primary alcohol 24 was subjected to oxidation {TEMPO/BIAB/CH2Cl2:H20
(3:1)/0 oC-rt/12h} to afford carboxylic acid 25 (82%) whose formation was substantiated by
the appearance of α-methylene protons in the 1H NMR spectrum resonating at δ 2.35 ppm (J
= 7.5 Hz) as a triplet and the carbonyl signal in
from other spectral evidence.
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Next, esterification of 19 with alcohol 14 under DCC conditions (DCC/DMAP/dry
CH2Cl2/0 oC-rt/12h) afforded ester 26 (85%). The deprotection (TFA/dry CH2Cl2/0 oCrt/2h) of Boc group in ester 26 resulted in the corresponding sec-amine which without
further purification was acylated with carboxylic acid 25 (EDCI/HOBT/DIPEA/dry
CH2Cl2/0 oC-rt/12h) to provide diene 27 (78% over two steps). Ring-closing metathesis30a,b
of diene 27 (10 mol% G-II/dry CH2Cl2/12h/reflux) afforded 28 (83%) as ‘E’ and ‘Z’
diastereomers (2:1). No attempts were made to separate the E and Z isomers since the
isomeric status was irrelevant because of the ensuing olefinic reduction step. Accordingly,
the saturation of the double bond and hydrogenolysis of the benzyl groups (H2/PdC/EtOAc/rt/12h) occurred in a single step providing the target compound 11 (80%) as a
colorless oil with [α]D25 = -89.3 (c 0.5, MeOH) {lit.19a [α]D25 = -91.0 (c 0.73, MeOH), lit.19b
[α]D25 = -88.5 (c 1.0, MeOH)}. The spectroscopic data of 11 was identical to the reported
values.19a,b
Thus in conclusion, total synthesis of a novel antifungal antibiotic PF1163A 11 was
accomplished and described in detail in this chapter wherein Keck asymmetric allylation,
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Sharpless kinetic resolution, regioselective epoxide-ring opening, esterification and ringclosing metathesis were the key reactions.
Chapter III: Diastereoselective allylation of iminium ion an easy access to 2,6disubstituted 3-piperidinol alkaloids
This chapter is divided into two parts.
Piperidine alkaloids are very common chemical entities found in the nature
abundantly and exhibit various biological activities.31 Particularly, 2,6-disubstituted
piperidines have drawn much attention in both academics and the pharmaceutical industry
because they are one of the most common piperidine skeletons and are found in many
pharmaceutically interesting compounds. As a consequence, numerous synthetic methods
have been developed for the stereoselective synthesis of 2,6-disubstituted piperidines. In
this chapter, the diastereoselective allylation of iminium ion protocol, which is an easy
access to (+)-deoxoprosopinine and (+)-deoxoprosophylline, will be discussed in detail.
Section A: This section deals with short and efficient total synthesis of (+)deoxoprosopinine
Prosopis alkaloids are one class among the various naturally occuring biologically
active piperidine alkaloids. Some of the prosopis alkaloids are: (+)-prosopinine 30, (+)prosophylline 32 and their reduced analogs (+)-deoxoprosopinine 29, and (+)deoxoprosophylline 31 (Figure 3). These alkaloids were isolated from Prosopis Africana32
and exhibit antibiotic and anaesthetic properties. Structurally, these alkaloids contain a 2,6disubstituted 3-piperidinol skeleton bearing an aliphatic alkyl side chain. Earlier, Radha
Krishna et al reported synthesis of some piperidine-based alkaloids.33

In continuation of our interest in the synthesis of piperidine alkaloids, the synthesis
of (+)-deoxoprosopinine 29 was taken up and the results are described in this chapter.
Though several syntheses34 have been reported for 29, a strategically different route was
10
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envisioned. The synthetic strategy involves Miyashita endoselective epoxide-ring opening,
more importantly exploitation of diastereoselective allylation of in situ formed bicyclic Nacyl iminium ion to construct 6-allyl piperidine derivative 39 and its subsequent
transformation into the target molecule 29.

There were several reports concerning diastereoselective allylation of N-acyl
iminium ion.35 Some of them account for the formation of cis-2,6-disubstituted
piperidines35a,b and few evidence the formation of trans-2,6-disubstituted piperidines.35d-f In
this section total synthesis of 29 (Scheme 8) by utilizing a one pot oxidation of 37 and
diastereoselective allylation of the in situ formed bicyclic N-acyl iminium ion35c-e 38 to
furnish the allyl piperidine ring system 39 followed by its olefin-cross metathesis36 with 1undecene the other olefinic partner, as the key steps en route to afford the target molecule
will be discussed. Amino alcohol 37 in turn could be derived from epoxy alcohol 33 by the
Miyashita’s endoselective epoxide ring-opening reaction with azide nucleophile and its
subsequent conversions. Thus, it is evident that trans-2,6-disubstituted piperidine derivative
39 is the key building block in the synthesis of (+)-deoxoprosopinine 29.
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Accordingly, a short and efficient total synthesis of 29 was described in eight steps
from known chiral epoxy alcohol 3337 in a 27% overall yield (Scheme 9). The chiral epoxy
alcohol 33 upon highly regioselective ring-opening reaction from C-2 position by the azide
nucleophile afforded 34 (78%) as major isomer (C2:C3, 9:1), minor 1,2-diol formed due to
C3 opening was removed by the NaIO4 mediated oxidative cleavage. The ring-opening
reaction was carried out by utilizing Miyashita38 endoselective epoxide-opening protocol
(NaN3/B(OMe)3/DMF/60 oC/3h). The thus obtained diol 34 was protected as its acetonide
derivative 35 (92%) using 2,2-dimethoxy propane and cat. PTSA in anhydrous CH2Cl2.
Subsequently, the azide functionality in compound 35 was converted to its benzyl
carbamate by catalytic hydrogenation (H2/Pd-C/EtOAC/rt/6h), followed by the treatment of
resulting amine with benzyl chloroformate and sodium bicarbonate in EtOAc:H2O (1:1
ratio) solvent system gave the corresponding carbamate 36 (83% over 2-steps). Later, the
TBDPS group was deprotected (TBAF/dry THF/0 oC-rt/1h) to afford the primary alcohol 37
(90%) and it was oxidized under Dess-Martin conditions to afford an aldehyde which
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without further purification on exposure to TFA at -40 oC for 20 min. was converted to the
bicyclic N-acyl iminium ion35c-e in situ. The thus formed iminium ion 38 was
diastereoselectively trapped by π-type nucleophile viz. allyltrimethylsilane to afford the allyl
piperidine 39 (70%) as an exclusive trans adduct.
The structure and stereochemistry of allyl piperidine 39 were thoroughly
characterized by extensive NMR experiments including 2-D double quantum filtered
correlation spectroscopy (DQF-COSY), nuclear Overhauser effect spectroscopy (NOESY)
and HSQC. The strong NOE cross peaks observed between H2/H1'', H3/H1', H3/CH3
(acetonide methyl) and H6/H2'' protons are indicative of their relative spatial orientation;
their relationship with one another and their respective planar arrangement. Thus the
relative and absolute stereochemistry of C2 and C6 was unequivocally proved.
Additionally, the coupling constant between H2 and H3 JH2-H3=10.2 Hz confirms that these
protons are trans to each other. Further, the exclusive formation of the trans-isomer may be
rationalized due to stereoeletronically controlled addition of π-type nucleophile (from
allyltrimethylsilane) axially on thermodynamically stable conformation of bicyclic Nacyliminium ion35d,e led to 39. The equitorial approach of nucleophile is ruled out based on
fact that nucleophile experience more steric repulsion from Cbz group due to A(1,2) strain.
The characteristic H2 appeared at δ 3.21 ppm as a doublet of a triplet (J = 6.1, 10.2 Hz) and
H6 proton appeared at 4.52-4.40 as a multiplet and HRMS (m/z) [M+Na]+ calcd. 368.1837,
found 368.1834 for C20H27NO4Na. The presence of terminal olefinic protons substantiated
the structure assigned. Ally piperidine 39 constitutes the key building block in the synthesis
of 29. Later, the terminal olefin in 39 was utilized in olefin cross-metathesis, as means of CC bond formation, with 1-undecene under standard conditions {G-II catalyst (10 mol%)/dry
CH2Cl2/reflux/12h}

to

afford

compound

40.

During

this

reaction

though

no

homodimerisation of 39 was observed, 1-undecene however underwent dimerization.
Consequently, in order to effect the complete conversion of 39 and obtain an optimum yield
of the desired cross-product 40 (90%), it was found necessary to use 3.0 equivalents of 1undecene. The 1H NMR spectrum of 40 revealed the olefinic protons at δ 5.58-5.42 and at δ
5.32-5.21 ppm as multiplets, apart from other characteristic peaks pertaining to the aliphatic
carbon chain. Having obtained compound 40, next its extrapolation to the target molecule
29 was all that remaining. Accordingly, deprotection of Cbz-group and saturation of double
bond took place in one-pot via the catalytic hydrogenation (H2/Pd-C/EtOAc/rt/7h) of 40 to
furnish the acetonide protected (+)-deoxoprosopinine 41 which was purified by column
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chromatography and characterized. Later the same was treated with cat. PTSA in methanol
to afford (+)-29 (89%). The physical and spectroscopic data of synthetic 29 is consistent
with the reported values.34 The HRMS spectrum displayed the [M+H]+ 300.2911, calculated
300.2902 for the molecular formula C18H38NO2.
In summary, herein a short and efficient total synthesis of (+)-deoxoprosopinine 29
was accomplished via the Miyashita endoselective epoxide ring-opening reaction,
diastereoselective allylation of the in situ formed bicyclic N-acyl iminium ion, Grubbs
olefin cross-metathesis reaction as key reactions. This strategy could be adopted for the
synthesis of related natural products.
Section B: This section deals with studies towards total synthesis of (+)-deoxoprosophylline
(+)-Deoxoprosophylline 31 is one of the prosopis alkaloids, isolated from Prosopis
Africana32 along with other prosopris alkaloids such as (+)-deoxoprosopinine 29, (+)prosopinine 30 and (+)-prosophylline 32 (Figure 4). This alkaloid exhibits antibiotic and
anaesthetic properties. Though several syntheses39 have been reported for 31, a strategically
different route was envisioned which mainly involves diastereoselective allylation of in situ
formed N-acyl iminium ion35a,b,c to construct 6-allyl piperidine derivative 46, followed by
its olefin-cross metathesis36 with 1-undecene the other olefinic partner, as the key steps.
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The studies towards total synthesis of 31 was described (Scheme 10) by utilizing a
one pot oxidation of 44 and diastereoselective allylation of the in situ formed N-acyl
iminium ion 45 to furnish the allyl piperidine ring system 46 followed by its olefin-cross
metathesis with 1-undecene the other olefinic partner, as the key steps en route to afford the
target molecule. Amino alcohol 44 in turn could be derived from compound 36. Thus, it is
evident that cis-2,6-disubstituted piperidine derivative 46 is the key building block in the
synthesis of (+)-deoxoprosophylline 31 (Scheme 10).
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Accordingly synthesis began from the compound 3640 (Scheme 11). The acetonide
protecting group in 36 was selectively deprotected in presence of other acid sensitive
protecting group such as TBDPS. When the compound 36 was treated with CuCl2 in
acetonitrile (CH3CN) at 0 oC for 0.5h led to the formation of compound 42 (89%). The
selection of appropriate protecting group is important as it must be tolerant to reagents in
subsequent steps, hence MOM protection was chosen to protect hydroxyl groups in
compound 42. To achieve that, compound 42 was treated with MOM-Cl (methoxy
methylene chloride) under basic conditions using DIPEA (N,N-diisopropylethylamine) in
dry CH2Cl2 at 0 oC-rt for 6h afforded compound 43 (88%). Desilylation of compound 43
(TBAF/dry THF/0 oC-rt/1h) afforded compound 44 (92%). It is precursor for the the
synthesis of key building block allyl piperidine derivative 46. The transformation from
compound 44 to allyl piperidine derivative 46 is key step and multiple steps took place in
one pot. Initially, primary alcohol 44 was subjected to oxidation using Dess-Martin
periodinane in dry CH2Cl2 solvent at room temperature, when tlc showed that alcohol was
completely transformed into aldehyde, triflouroacetic acid (TFA) was added to the reaction
mixture at -40 oC, to initiate the formation of iminium ion in situ. The iminium ion formed
in this case is monocyclic in nature, hence it’s preference over confirmation is dictated by
A(1,2) strain (allylic strain), the preferred confirmation of N-acyliminium ion 45 was shown
in Scheme 11. The thus formed iminium ion was diastereoselectively trapped by π-type
nucleophile viz allyltrimethylsilane to afford the allyl piperidine 46 (76%) as an exclusive
cis adduct (Scheme 11). The formation of the cis-isomer may be rationalized due to
stereoeletronically controlled addition of π-type nucleophile (from allyltrimethylsilane)
axially on conformation 45 of monocyclic N-acyliminium ion35a,b,c led to 46. The equitorial
approach of nucleophile is ruled out based on fact that nucleophile experience more steric
repulsion from Cbz group due to A(1,2) strain. The structure of compound 46 was thoroughly
analysed by spectroscopic analysis but relative stereochemistry at newly generated
stereogenic centre (C6) was not assigned due to broad signals in 1H NMR, hence this study
was performed on subsequent fragment.
The terminal olefin in 46 was utilized in olefin cross-metathesis,36 as means of C-C
bond formation, with 1-undecene under standard conditions {G-II catalyst (10 mol%)/dry
CH2Cl2/reflux/12h} to afford compound 47 (Scheme 11). During this reaction though no
homodimerisation of 46 was observed, 1-undecene however underwent dimerization.
Consequently, in order to effect the complete conversion of 46 and obtain an optimum yield
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Abstract
of the desired cross-product 47 (83%), it was found necessary to use 3.0 equivalents of 1undecene.
Deprotection of Cbz-group and saturation of double bond took place in one-pot via
the catalytic hydrogenation (H2/Pd-C/EtOAc/rt/8h) of 47 to furnish compound 48(87%)
(Scheme 11). The 1H NMR spectrum of 48 revealed that disappearance of protons
pertaining to benzyl and olefinic protons, is significant evidence to show that reaction
proceeded successfully. The compound was thoroughly characterized by extensive NMR
experiments including 2-D double quantum filtered correlation spectroscopy (DQF-COSY)
and nuclear Overhauser effect spectroscopy (NOESY). The strong NOE cross peaks
observed between H2/H6 protons are indicative of their relative spatial orientation. Thus the
relative and absolute stereochemistry of C2 and C6 was unequivocally proved.
Additionally, the coupling constant between H2 and H3 JH2-H3 = 9.4 Hz confirms that these
protons are trans to each other. The characteristic H2 appeared at δ 2.77-2.72 ppm as a
multiplet and H6 proton appeared at δ 2.52-2.46 as a multiplet. The compound 48 was also
confirmed by mass spectral analysis, HRMS (m/z) [M+Na]+ calcd. 388.3421. Found
388.3433for C22H46NO4.
In conclusion, herein studies towards the total synthesis of (+)-deoxoprosophylline
31 was described via diastereoselective allylation of the in situ formed N-acyl iminium and
Grubbs olefin cross-metathesis reaction.

17

Abstract, References
REFERENCES
1. (a) Hoffmann, H. M. R.; Rabe, J. Angew. Chem., Int. Ed. Engl. 1985, 24, 94; (b) Negishi,
E.; Kotora, M. Tetrahedron 1997, 53, 6707; (c) Collins, I. J. Chem. Soc., Perkin Trans. 1
1999, 1377; (d) Carter, N. B.; Nadany, A. E.; Sweeney, J. B. J. Chem. Soc., Perkin Trans. 1
2002, 2324.
2. (a) Blázquez, M. A.; Bermejo, A.; Zafra-Polo, C.; Cortes, D. Phytochem. Anal. 1999, 10,
161; (b) Lopez Lazaro, M.; Martýn-Cordero, C.; Bermejo, A.; Cortes, D.; Ayuso, M. J.
Anticancer Res. 2001, 21, 3493; (c) Mereyala, H. B.; Joe, M. Curr. Med. Chem. Anti-Canc.
Agents 2001, 1, 293; (d) Kalesse, M.; Christmann, M. Synthesis 2002, 981.
3. (a) Chrusciel, R. A.; Strohbach, J. W. Curr. Top. Med. Chem. 2004, 4, 1097; (b) Agrawal,
V. K.; Singh, J.; Mishra, K. C.; Khadikar, P. V.; Jaliwala, Y. A. Arkivoc 2006, 162.
4. (a) Inayat-Hussain, S. H.; Annuar, B. O.; Din, L. B.; Taniguchi, N. Toxicol. Lett. 2002, 131,
153; (b) Inayat Hussain, S. H.; Annuar, B. O.; Din, L. B.; Ali, A. M.; Ross, D. Toxicol. in
Vitro 2003, 17, 433; (c) Chan, K. M.; Rajab, N. F.; Ishak, M. H. A.; Ali, A. M.; Yusoff, K.;
Din, L. B.; Inayat-Hussain, S. H. Chem.-Biol. Interact. 2006, 159, 129.
5. (a) Blatt, N. B.; Glick, G. D. Bioorg. Med. Chem. 2001, 9, 1371; (b) Huang, Z. W. Chem.
Biol. 2002, 9, 1059; (c) Newmeyer, D. D.; Ferguson- Miller, S. Cell 2003, 112, 481.
6. Kikuchi, H.; Sasaki, K.; Sekiya, J.; Maeda, Y.; Amagai, A.; Kubohara, Y.; Ohsima, Y.
Bioorg. Med. Chem. 2004, 12, 3203.
7. (a) Larsen, A. K.; Escargueil, A. E.; Skladanowski, A. Pharmacol. Ther. 2003, 99, 167; (b)
Richetti, A.; Cavallaro, A.; Ainis, T.; Fimiani, V. Immunopharmacol. Immunotoxicol. 2003,
25, 441; (c) Koizumi, F.; Ishiguro, H.; Ando, K.; Kondo, H.; Yoshida, M.; Matsuda, Y.;
Nakanishi, S. J. Antibiot. 2003, 56, 603.
8. (a) Bialy, L.; Waldmann, H. Chem. Eur. J. 2004, 10, 2759; (b) Njardarson, J. T.; Gaul, C.;
Shan, D.; Huang, X. Y.; Danishefsky, S. J. J. Am. Chem. Soc. 2004, 126, 1038; (c) Shaw, S.
J.; Sundermann, K. F.; Burlingame, M. A.; Myles, D. C.; Freeze, B. S.; Xian, M.; Brouard,
I.; Smith, A. B. J. Am. Chem. Soc. 2005, 127, 6532.
9. Dumontet, V.; Hung, N. V.; Adeline, M. T.; Riche, C.; Chiaroni, A.; Sévenet, T.; Guéritte,
F. J. Nat. Prod. 2004, 67, 858.
10. Marco, J. A.; Carda, M.; Murga, J.; Falomir, E. Tetrahedron 2007, 63, 2929.
11. a) Radha Krishna, P.; Ramana Reddy, V. V. Tetrahedron Lett. 2005, 46, 3905; b) Radha
Krishna, P.; Srinivas, P. R. Tetrahedron 2007, 63, 3995; c) Radha Krishna, P.; Srinivas, R.
Tetrahedron Lett. 2007, 48, 2013; d) Radha Krishna, P.; Srinivas, R. Tetrahedron: Asymm.
2007, 18, 2197.
18

Abstract, References
12. Zhang, J.; Li, Y.; Wang, W.; She, X.; Pan, X. J. Org. Chem. 2006, 71, 2918.
13. Wu, Y.; Liao, X.; Wang, R.; Xie, X-S.; De Brabander, J. K. J. Am. Chem. Soc. 2002, 124,
3245.
14. Keck, G. E.; Tarbet, K. H.; Geraci, L. S. J. Am. Chem. Soc. 1993, 115, 8467.
15. Rychnovsky, S. D.; Skalitzky, D. J. Tetrahedron Lett. 1990, 31, 945.
16. Still, W. C.; Gennari, C. Tetrahedron Lett. 1983, 24, 4405.
17. Wender, P. A.; Koehler, M. F. T.; Sendzik, M. Org. Lett. 2003, 5, 4549.
18. (a) Nose, H.; Seiki, A.; Yaguchi, T.; Hosoya, A.; Sasaki, T.; Hoshoko, S.; Shomura, T. J.
Antibiot. 2000, 53, 33; (b) Sasaki, T.; Nose, H.; Hosoya, A.; Yoshida, S.; Kawaguchi, M.;
Watanabe, T.; Usui, T.; Ohtsuka, Y.; Shomura, T. J. Antibiot. 2000, 53, 38.
19. a) Tatsuta, K.; Takano, S.; Ikeda, Y.; Nakano, S.; Miyajzaki, S. J. Antibiot. 1999, 52, 1146.
(b) Yadav, J. S.; Venkatesh, M.; Thrimurthulu, N.; Prasad, A. R. Synlett 2010, 1255.
20. (a) Radha Krishna, P.; Srinivas, P. Tetrahedron Lett. 2010, 51, 2295; (b) Radha Krishna, P.;
Anitha, K. Tetrahedron Lett. 2011, 52, 4546; (c) Radha Krishna, P.; Jagannadha Rao, T.
Org. Biomol. Chem., 2010, 8, 3130; (d) Radha Krishna, P.; Srinivas, R. Tetrahedron:
Asymmetry 2008, 19, 1153; (e) Radha Krishna, P.; Ramana, D. V. J. Org. Chem. 2012, 77,
674.
21. Keck, G. E.; Tarbet, K. H.; Geraci, L. S. J. Am. Chem. Soc. 1993, 115, 8467.
22. (a) Radha Krishna, P.; Karunakar Reddy, B.; Srinivas, P. Tetrahedron 2012, 68, 841; (b)
Sabitha, G.; Yadagiri, K.; Swapna, R.; Yadav, J. S. Tetrahedron Lett. 2009, 50, 5417.
23. Boyle, T. P.; Bremner, J. B.; Coates, J.; Deadman, J.; Keller, P. A.; Pyne, S. G.; Rhodes, D.
I. Tetrahedron 2008, 64, 11270.
24. Murphy, J. A.; Rasheed, F.; Roome, S. J.; Scott, K. A.; Lewis, N. J. Chem. Soc., Perkin
Trans. 1, 1998, 2331.
25. Yu, W.; Mei, Y.; Kang, Y.; Hua, Z.; Jin, Z. Org. Lett. 2004, 6, 3217.
26. Martin, V. S.; Woodard, S. S.; Katsuki, T.; Yamada, Y.; Ikeda, M.; Sharpless, K. B. J. Am.
Chem. Soc. 1981, 103, 6237.
27. Bouazza, F.; Renoux, B.; Bachmann, C.; Gesson, J. P.; Org. Lett. 2003, 5, 4049.
28. Katsuki, T.; Sharpless, K. B. J. Am. Chem. Soc. 1980, 102, 5974.
29. Suzuki, T.; Saimoto, H.; Tomioka, H.; Oshima, K.; Nozaki, H.; Tetrahedron Lett. 1982, 23,
3597.
30. (a) Scholl, M.; Ding, S.; Lee, C.; Grubbs, R. H. Org. Lett. 1999, 1, 953; (b) Chatterjee, A.
K.; Morgan, J. P.; Scholl, M.; Grubbs, R. H. J. Am. Chem. Soc. 2000, 122, 3783.

19

Abstract, References
31. (a) Pinder, A. R. Nat. Pro. Rep. 1989, 6, 67; (b) Pinder, A. R. Nat Pro Rep 1992, 9, 17; (c)
Pinder, A. R. Nat. Pro. Rep. 1992, 9, 491; (d) Plunkett, A. O. Nat Pro Rep 1994, 11, 581;
(d) Enders, D.; Bettrey, W. Pure Appl Chem 1996, 68, 2051; (e) Enders, D.; Meyer, O.
Liebigs Ann 1996, 1023; (f) Homes, A. B.; Bourdin, B.; Collins, I.; Davison, E. C.; Rudge,
A. J.; Stork, T. C.; Warner, J. A. Pure Appl Chem 1997, 69, 531; (g) Mitchinson, A.; Nadin,
A. J Chem Soc, Perkin Trans 1 1999, 2553; (h) Bols, M. Acc Chem Res 1998, 31, 1; (i)
Nadin, A. J Chem Soc, Perkin Trans 1 1998, 1781.
32. a) Ratle, G.; Monseur, X.; Das, B. C.; Yassi, J.; Khuong-Huu, Q.; Goutarel, R. Bull. Soc.
Chim. Fr. 1966, 2945; b) Khuong-Huu, Q.; Ratle, G.; Monseur, X.; Goutarel, R. Bull. Soc.
Chim. Belg. 1972, 81, 425-441, 443-458.
33. a) Radha Krishna, P.; Srishailam, A. Tetrahedron Lett. 2007, 48, 6924; b) Radha Krishna,
P.; Dayaker, G. Tetrahedron Lett. 2007, 48, 7279; c) Radha Krishna, P.; Lopinti, K. Synlett
2007, 1742; d) Radha Krishna, P.; Reddy, P. S. J. Comb. Chem. 2008, 10, 426; e) Radha
Krishna, P.; Reddy, B. K. Tetrahedron Lett. 2010, 51, 6262; f) Radha Krishna, P.; Reddy,
B. K.; Srinivas, P. Tetrahedron 2012, 68, 841.
34. a) Ciufolini, M. A.; Hermann, C. W.; Whitmire, K. H.; Byrne, N. E. J. Am. Chem. Soc.
1989, 111, 3473; b) Kadota, I.; Kawada, M.; Muramatsu, Y.; Yamamoto, Y. Tetrahedron:
Asymm. 1997, 8, 3887; c) Kadota, I.; Kawada, M.; Muramatsu, Y.; Yamamoto, Y.
Tetrahedron Lett. 1997, 38, 7469; d) Comins, D. L.; Sandelier, M. J.; Grillo, T. A. J. Org.
Chem. 2001, 66, 6829; e) Sasaki, N. A.; Wang, Q. J. Org. Chem. 2004, 69, 4767; f)
Arevalo-Garcia, E. B.; Colmenares, J. C. Tetrahedron Lett. 2008, 49, 6972.
35. a) Kennedy, A.; Nelson, A.; Perry, A. Beilstein J. Org. Chem. 2005, 1, No. 2; b) Sugiura,
M.; Hagio, H.; Hirabayashi, R.; Kobayashi, S. J. Am. Chem. Soc. 2001, 123, 12510; c)
Koviach, J. L.; Forsyth, C. J. Tetrahedron Lett. 1999, 40, 8529; d) David, M.; Dhimane, H.;
Vanucci-Bacque, C.; Lhommet, G. Synlett 1998, 206; e) Potts, D.; Stevenson, P. J.;
Thompson, N. Tetrahedron Lett. 2000, 41, 275; f) Ludwig, C.; Wistrand, L. G. Acta Chem.
Scand. 1992, 46, 367.
36. a) Chatterjee, A. K.; Grubbs, R. H. Angew. Chem. Int. Ed. 2002, 41, 3171; b) Nolen, E. G.;
Kurish, A. J.; Wong, K. A.; Orlando, M. D. Tetrahedron Lett. 2003, 44, 2449; c) Grubbs, R.
H. Tetrahedron 2004, 60, 7117; d) Vougioukalakis, G. C.; Grubbs, R. H. Chem. Rev. 2010,
110, 1746.
37. Baltas, M.; Narco, K.; Gorrichon, L. Tetrahedron 1999, 55, 14013.
38. Sasaki, M.; Tanino, K.; Hirai, A.; Miyashita, M. Org. Lett. 2003, 5, 1789.

20

Abstract, References
39. (a) Dransfield, P. J.; Gore, P. M.; Shipman, M.; Slawin, A. M. Z. Chem. Commu. 2002, 150;
(b) Chavan, S. P.; Praveen, C. Tetrahedron Lett. 2004, 45, 421; (c) Kim, I. S.; Ryu, C. B.;
Li, Q. R.; Zee, O. P.; Jung, Y. H. Tetrahedron Lett. 2007, 48, 6258; (d) Devalankar, D. A.;
Sudalai, A. Tetrahedron Lett. 2012, 53, 3213.
40. Krishna, P. R.; Srinivas, P.; Reddy, B. K.; Mohana Rao, K. V.; Jagadeesh, B. Synlett. 2012,
23, 2816.

21

