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Abstract

The thesis has been divided into three chapters:

e Chapter 1. Lewis acid catalyzed directly dehydrative carbomboa bond
formation reaction of 2-benzofuryldiphenylmethaneith 1,3-dicarbonyls, is
investigated.

* Chapter 2: An unprecedented utilization of 1,3-acetonedicaytioxacid as a 1,3-
bis-pro-nucleophile with acyloxy-pyran-3-one forethsynthesis of bicyclic
compounds, is studied.

 Chapter 3. The synthesis of starting material 2H(2E)-5-phenylpenta-2,4-

dienoyl)benzaldehyde and optimized condition fer tMBH adducts, is presented.



Chapter 1

Introduction

Benzofurans are very fascinating ltgeles, which have attracted lot of interest
due to their variety of biological and pharmacotagjiactivitiest? Recent studies revealed
that benzofuran analogs show a broad range of m@wogical activities like
antihyperglycemit, anti-breast cancer agehtantiparasitic agerftsantimicrobial agents
antitumor and kinase inhibitgr multidrug resistance-reversing activity, analgesi
activitie$?®, (Fig. 1)etc.

|Anti-estrogen breast cancer agents|

Anticancer agents | antitumor and kinase inhibitors

A\

Oxytocin antagonists

Multidrug resistance-reversing
activity

benzofuran

Anti-inflammatory, antipyretic Antimicrobial agents
agents Antiviral agents

Fig. 1. The biological activity range of benzofuran derives.
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Scheme 1. Acid Catalyzed Ring Transformation of Benzofurém3ri- and
Tetrasubstituted Fura.

In 2013, our group reported an acid catalyzeg niansformation of benzofurans
to tri- and tetrasubstituted furans (Schemé®Mlso, in literature, Lewis acid catalyzed
direct dehydrative carbon—carbon bond formatiowtiea of 2-furylcarbinols wittB-keto

amides was investigated (Scheme!250, we extended this approach to benzofuran

system.
0
o
Ph 0 o 0
HO™ N
/o\ 0 N RZM’T‘H 7 R
R | <—R3 Ph / \ R1 R @] = OH
HO™ 7 | Achp, pce  HOTT O BiCls, DCM N
R 80°C 40°C iy
-H,0 -H,0

Scheme 2. Lewis Acid Catalyzed Regiospecific Cross-DehydmatCoupling Reaction
of 2-Furylcarbinols with3-Keto Amides or 4Hydroxycoumarins.
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Scheme 3. Lewis Acid Catalyzed Regiospecific Cross-DehydmatCoupling Reaction of
2-benzofuryldiphenylmethanol with 1,3-dicarbonyls.

We hypothesized that, the carbocatienegated in presence of Lewis acid will

migrate to the benzene ring as depicted in ScherhkeBce, formation of producis or
1b is possible.

Results and Discussions

At the outset, the 2-benzofuryldiphlemsthanoll was synthesized from via n-
butyllithium mediated direct alkylation.

0 n-BulLi A Ph
N D O —— OH
o Ph” “Ph O Ph

Scheme 4. Synthesis of 2-benzofuryldiphenylmethanol



Later, the reactions df with different 1,3-dicarbonyls were initiated.

Interestingly, none of the expected produlcdsor 1b were observed, instead the reaction

deliveredlc.

0 N
o o R, O Pn OR
R1)J\/U\R2 Ry” O
1a
Ph BiCl;, DCM
©f\>—eor| 40°C
O Ph
1 o o
Rz
BiCl, DCM 0
g o}
40°C R,
Fh
A\
O  Ph

Ph

1c

Scheme 5. Lewis Acid Catalyzed Regiospecific Cross-Dehydrativefliog Reaction
of 2-benzofuryldiphenylmethanol with 1,3-dicarbonyls

Table 1. Scope of Nucleophile for 1,3-dicarbonyls.

2 oH
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OH ———————> Ph
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Ph
OO
2 w AlCl, DCE so°c| 24h -
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The formation oflc was characterized By and'3C NMR.
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Scheme 6. General approach for the synthesidof

The literature report on, Lewis acid catalyzed @specific cross-dehydrative coupling
reaction of 2Furylcarbinols withp-Keto Amides or 4Hydroxycoumarins (Scheme 2)
assisted us in confirming the formationlofand also to propose a plausible mechanism by
which it is formed (Scheme 6).

Unfortunately, while this study was in progressnitr results were recently
published on indole system so we stopped purshisgtoject further (Scheme 9.

Co ()
” Ar B-H O A\ Ar
” Ar

Scheme 7. Substrate-Controlled Regioselective Arylations -dh@olylmethanols
with Indoles.



Experimental methods

General experimental methods: All the starting compounds and catalysts employed in
this study were procured from Sigma-Aldrich and wesed without further purification.
For thin layer chromatography (TLC), silica aluminiémiis with fluorescent indicator 254
nm (from Aldrich) were used and compounds were vigedlby irradiation with UV light
and/or by treatment with a solution manisaldehyde (23 mL), conc280, (35 mL), and
acetic acid (10 mL) in ethanol (900 mL) followedhmating. Column chromatography was
performed using SD Fine silica gel 100-200 mesh @pprately 15-20 g per 1 g of the
crude product). Dry THF was obtained by distillatmver sodium and stored over sodium
wire.'H NMR and'*C NMR spectra were recorded on a 400 MHz Brukespiin Advance

Il FT-NMR spectrometer. NMR shifts are reporteddedta ¢) units in parts per million
(ppm) and coupling constantd) @re reported in Hertz (Hz). The following abbedions
are utilized to describe peak patterns when apfat@prbr=broad, s=singlet, d=doublet,
t=triplet, g=quartet and m=multiplet. Proton chemishlfts are given ind relative to
tetramethylsilaned 0.00 ppm) in CDGlor in (CD3)2SO ¢ 2.50 ppm) or in (CB)2CO ©
2.05 ppm). Carbon chemical shifts are internallyemeficed to the deuterated solvent
signals in CDJ (6 77.1 ppm) or in (CE)2SO @ 39.5 ppm) or in (CE)2CO até 29.9 and
206.7.

General Procedure: Synthesis of 2-benzofuryldiphenylmethanol 1.

An oven dried 50 mL RB flask was chargéth Benzofuran (1.0 mmol), 5 mL
dry THF and placed &@°C. n-BuLi (1.6 M in hexanes, 1.1 mmol) was added drop wise at
same temperature and stirred for 15 minutes. Bennopig¢l.1 mmol) dissolved in 1 mL
of dry THF, was added dropwise over 2 mins andestiat room temperature for 1 hour.
The reaction mixture was quenched with saturatecaagnonium chloride solution and
extracted using ethyl acetate. The organic extraet® combined dried over anhydrous
sodium sulphate and concentrated. The crude prodastpurified by silica gel column
chromatography using hexane/ethyl acetate as eluant afford 2-

benzofuryldiphenylmethandl



General Procedure: Synthesis of substituted benzofuran 1c.

An oven dried 5 mL glass vial was cleargvith1 (20 mg, 0.066 mmol) DCM (1
mL) and BiC} (0.0066 mmol) and appropriate nucleophile (0.07i@&ol) were introduced
at room temperature (rt) stirring continued atntilul disappeared as monitored by TLC.
All the volatiles were removed under reduced presstihe crude product was directly
purified by silica gel flash chromatography usirex&ne/ethyl acetate as eluent, to afford
1c as yellow liquid.

Spectroscopic data of 1c

2 0]
Ph
A\
0] Ph
1c

This compound was prepared by following the genematedure: synthesis of substituted
benzofuraric and isolated as yellow liquid; R 0.2 (Hexane/EtOAc = 5/13H NMR (400
MHz, CDCl3): 6 7.88 (d,J = 8 Hz, 1H), 7.63 (d) = 8 Hz, 1H), 7.59 (d) = 7.2 Hz, 1H),
7.49 (d,J = 8 Hz, 1H), 7.43 (dJ = 8 Hz, 2H), 7.37 (dJ = 13.6 Hz, 3H), 7.32 (d1= 7.6
Hz, 3H), 7.28 (s, 1H) ), 7.23 (m, 7H) ), 7.10 Jd; 6.8 Hz, 1H) ), 5.58 (s, 1H) ), 5.32 (s,
1H) ), 2.85 (s, 1H), 2.76 (s, 1H¥C NMR (100 MHz, CDCls): § 162.5, 161.7, 161.6,
157.8, 154.9, 153.3, 140.2, 140.1, 132.6, 129.8,912128.7, 128.3, 128.2, 127.2, 126.8,
124.7,123.9, 123.8, 123.3, 119.9, 116.6, 115.1,5.107.1, 96.5, 49.9, 36.6, 31.4, 29.7.
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Summary

The reaction of 2-benzofuryldiphenylh@etol with 1,3-dicarbonyls yieldett,

but similar results were already published on indgfstem so we stopped exploring
further.
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Chapter 2

Introduction

Pyran-3-ones are often used as suéstréor the synthesis of racemic
monosaccharidés pyrones (e.g. maltdl)and potential antibacteridisin carbohydrate
chemistry, these compounds are also denoted adidg8xy-2-enopyranos-4-uloSesr
hex-2-eno-pyranosid-4-ulosésiexenuloses have been used in the synthesisrefjunént
sugars, antibiotic sugars and branched—chain ség#taltol (3-hydroxy-2-methyl-4H-
pyran-4-one) and associated compounds have beeeaifajtention as flavoring additives
in foods®® Pyran-3-ones have also been used in the synthésiswariety of other
biologically active compounddike 2.3, a pheromone of the olive fruit #§and esters of

phorbol2.4, which have antitumor or anti-HIV activity.

o ~OH
= a)R=H oH -
RO‘(_A>:O b) R = alkyl ;
o c) R = acyl || 5 o
O
21 2.2 23
o - o}
HO O RO fe) MeO
;gr_g: oA n OMe
R HO OH
2.5 2.6 2.7

Fig. 2. Pyranones and derivativ

Many pyranones, such as, for exampie, 6-hydroxy-pyran-2-one®5 and 6-

hydroxy-pyran-3-one2.6, show antimicrobial and anticoccidial activitiéy coupling2.1,

11



or its derivatives, to a monosaccharide by a glgliosinkage, countless disaccharides can
be synthesizetf

Racemic acyloxypyran-3-ones can beileaghnthesized from furfuryl alcohols.
Optically active hydroxy2.1a, alkoxy-2.1b, and acyloxy-pyran-3-onexi1c are striking
chiral synthons in natural products chemistry, doiegheir multifunctional nature and
numerous possibilities for enantioselective tramefions like cycloaddition¥;!”enolate
and acetal chemistry, and conjugate addition reasi’'® Another example of the
adaptability of pyranones as synthons is the eiansf the pyranone ring to a seven-
membered ringvia cycloaddition involving a pyrylium zwitteriotf. Pyran-3-ones have
been explored as chiral dienophiles and Michaetjgices.

? TMSOTf (10 mol%)
oD T T
DCE -10°C
X =Y = O/N/OR
R, R2 = alkyl, aryl; R® = alkyl, aryl, acyl, etc.

Scheme 7. Cascade Michael addition—cycloacetalisation strategycgioxypyran-3-
one system.

Our group has reported a cascade Michael additymteacetalisation strategy on
acyloxypyran-3-one systefh(Scheme 7) and in literature, it is known that-d¢&tone
dicarboxylic acid can be used as a 1,3-bis-proeupmile with enone systems to give

cyclohexanone derivativés.

o N Ar
HO,C COH + R0 -
10 Ao Cu(OCOR),
MeOH

Scheme 8. Reaction of 1,3-acetone dicarboxylic acid with engrstesns to give
cyclohexanone derivatives.

With this background, we made an attempt to useoagypyran-3-one2.1c as a
Michael acceptor and 1,3-acetonedicarboxylic asdaal,3-bis-pro-nucleophile for the

synthesis of bicyclic compounds.

12



0
o Cu(OCOR)z
Ho,c M _con + [ ]
BASE/ACID

OAc

21c

Scheme 9. Reaction of 1,3-acetone dicarboxylic acid with acyloxy-
pyran-3-one.

Results and Discussions

At the outset, acyloxypyran-3-o2elc was synthesized from furfuryl alcohol
in two steps. Firstly, hydroxypyran-3-one was sgsthed from furfuryl alcohol by
Achmatowicz rearrangement and then acyloxypyran-3-@re was obtained by

Acetylation in presence of acetic anhydride anddaye.

NBS, NaHCO3
7\ _ NaOAc Acetic anhydrlde |
0 THF:H,0(3:1) 0 pyr|d|ne DCM o]
o OAc
21c

Scheme 10. Synthesis of acyloxypyran-3-o2€lc

0 o)

HO,C
| Cu(OAc), COzH
4>
o * o)
HO,C OAc /l \_/

selective formation by Cu-cat
||| by decarboxylation

(e}
) (e}
decarboxylation HO,C 0
OAc

Scheme 11. General approach for the synthesiaf
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Further, we commenced the screenin@iabus catalyst and solvent combinations
with 1,3- acetone dicarboxylic acid aidc with the intention to obtaia or 2b. Reactions
with different catalyst combinations like coppeetate and a nucleophilic base, copper
acetate and a Lewis acid, copper acetate and audaephilic base, just copper acetate
and other copper catalysts.

Table 2. Screening of different catalysts and solvent combinatidos 2c.

(0]
o] catalyst combination
+
HoZC\)j\/COZH I 0 conditions o
OAc o OAc
2c
S.No Catalyst combinations Solvent Temp ('C) Time (h) 2¢c
1 Co(acac), dry THF It 24 not formed
2 Cul dry THF t 24 not formed
3 Cu(OAc), dry THF t 24 trace
formed
A EGN
4 Cu(OAc), 3 DCE 80 8 (single spot)
5 Cu(OTf), DCE 80 24 formed
6 Bi(OTf); DCE 80 24 formed
7 Cu(OAc), BiCly DCM 40 24 formed
- (single spot)
8 Cu(OAc), AlCl4 DCM 40 24 formed
9 Thiourea AcOH Toluene 100 24 not formed
10 Cu(OAc), pyrrolidine DCE 80 24 not formed
11 Cu(OAc), NaOMe MeOH rt 24 formed
12 Cu(OAc), proline dry THF rt 8 formed
(6.25 mol%) (25 mol%)
13 | CuOAc), PhsC Br, dry THF rt 15 formed
14 Cu(OAc) tripentafluorophenyl drv THF rt 15 formed
2 borane Ty
15 Cu(OAc), MeOH it 24 formed
(6.25 mol%)

Note: 6 mol% of catalysts are used in cases where it is noifigok

14



16 | Cu(OAc), Et;N CHCl, 50 8 :;’if:;‘l‘;dspo 5
17 Cu(OAc), n-BuLi Toluene rt 24 not formed
18 Cu(OAc), DBU Toluene rt 24 g)iﬁjgllejspot)
19 Cu(OAC), Proline Toluene rt 24 formed
20 Cu(OAc), Pyridine Toluene rt 24 trace

21 Cu(OAc), L-proline (0.3eq) :\;Tt)one:DMSO 0 24 formed
2 Cu(OAc), (%\/Iﬁ%;é ) pi fgigll)le rt 24 formed
23 Cu(OAc), InCl; CH;NO, rt 7 trace
24 Cu(OAc), Se(OTh); CH,NO, t 7 formed
25 Cu(OAc), NaHCO, dry THF rt 10 trace

26 Cu(OAc), K,CO;3 dry THF rt 10 trace

27 Cu(OAc), DBU dry THF rt 10 formed

28 NaHCO4 H,0 0 15 trace

29 Cu(OAc), DBU CH;CN 70 6 trace

30 Cu(OAc), DCM rt 48 formed

Note: 6 mol% of catalysts are used in cases where it is noifiggec

Many reactions were tried to obtata or 2b, but all turned out to be unsuccessful.
We then moved on to Palladium catalysts to prortfedormation oRa. So, now instead
of using catalyst combinations, just a single pmhilen catalyst was employed with
appropriate solvent, (Table 3).

15



Table 3. Screening of different Palladium catalysts and solvemtad

0 (0]
o catalyst (6 mol%)
+
HOZC\)J\/COZH @ conditions 0
OAc [e) OAc
2c
S.No Catalyst Solvent | Temperature | o by 2
(0
31 Pd(PPhs), Toluene it 17 formed
32 Pd(PPhs), THF it 17 formed
33 Pd(OAc), Toluene rt 20 formed
34 Bis(PPh)Pd(ID)Cl, Toluene it 20 formed
35 | 1,1-Bis(Ph,P-Fe(Cp),Pd(IN)Cl, Toluene " 20 formed
36 Pdy(dba); Toluene rt 20 formed
37 PdCl, Toluene rt 20 formed
38 Pd(PPhy), Xylene it 20 formed
39 Pd(PPhs), DCM it 20 formed

Note: 6 mol% of catalysts are used in cases where it is noifiggec

But in this case also we obsen&a So, we decided to conclude this project, since
we were unable to acquire the desired compoundsvé&decided to stop pursuing it further

and thus concluded our studies on this project.

Experimental methods

General experimental methods: All the starting compounds and catalysts employed in
this study were procured from Sigma-Aldrich and wesed without further purification.
For thin layer chromatography (TLC), silica alunuimi foils with fluorescent indicator 254
nm (from Aldrich) were used and compounds werealigad by irradiation with UV light
and/or by treatment with a solution wainisaldehyde (23 mL), conc2$0s (35 mL), and

acetic acid (10 mL) in ethanol (900 mL) followedhmating. Column chromatography was

16



performed using SD Fine silica gel 100-200 mesh @pprately 15-20 g per 1 g of the
crude product)!H NMR and?*C NMR spectra were recorded on a 400 MHz Bruker
Biospin Avance lll FT-NMR spectrometer. NMR shifiee reported as deltd)(units in
parts per million (ppm) and coupling constadsafe reported in Hertz (Hz). The following
abbreviations are utilized to describe peak padtarinen appropriate: br=broad, s=singlet,
d=doublet, t=triplet, g=quartet and m=multipletotdn chemical shifts are given i
relative to tetramethylsilaneé (0.00 ppm) in CDGlor in (CD)2SO ¢ 2.50 ppm) or in
(CDg3)2CO ( 2.05 ppm). Carbon chemical shifts are internalfgnenced to the deuterated
solvent signals in CD@I(d 77.1 ppm) or in (CE)2SO © 39.5 ppm) or in (CB)2CO atd
29.9 and 206.7.

General Procedure: Synthesis of the acyloxypyran-3-one 2.1c. (Scheme 10)
Acyloxypyran-3-one2.1c was prepared as in Scheme 10. Commercially avaifabiuryl
alcohol was converted to hydroxypyran-3-one viachrAatowicz rearrangement. Direct
acetylation with an acetic anhydride in presengeyoidine generated the acyloxypyran-3-

one2.1c.

Representative procedure for the synthesis of hydr oxypyran-3-one: (step 1) An oven
dried 50 mL RB flask was charged with furfuryl ahod (1 equiv., 2 mmol) in THF/H20
(3:1, 10 mL), NaHC®(2 equiv., 4 mmol), NaOAc.3H20 (1 equiv., 2 mmol) &S (1
equiv, 2 mmol) at 0C. The mixture was stirred at the same temperaturecampletion

as indicated by TLC. After completion, the reactrams quenched with saturated NaHCO3
solution, extracted by ethyl acetate. The combingarmc phase was dried over JS&y
and concentrated under vacuum. The residue wafggolioy flash column chromatography

with hexane/ethyl acetate as eluent to yield hygogran-3-one, as a yellow oil.

Representative procedure for the synthesis of acyloxypyran-3-one 2.1c: (step I1) An
oven dried 50 mL RB flask was charged with hydroxgoy3-one (1 equiv., 0.876mmol)
in 5 mL of CH2CI2 was added acetic anhydride (1gRie, 1.05 mmol, 1.2 eq.) and
pyridine (1 equiv., 0.876 mmol). The reaction migtuvas stirred at room temperature for
1 night. The solvent was evaporated at room tenwperaThe residual brown oil was

filtered over silica with hexane/ether (1:2). Thigdte was concentrated and the resulting
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crude product was purified by flash chromatographigr silica hexane/ethyl acetate as
eluent to yield?.1c.

General Procedurefor the Synthesis of 2c. (Scheme 11)

An oven dried 5 mL glass vial was dear with2.1c (30 mg, 0.192 mmol) in
appropriate solvent (1 mL) and 1,3 acetone dicaylimacid (0.126 mmol) and appropriate
catalyst (6 mol%) were introduced at room temperafx)estirring continued at rt until
2.1c disappeared as monitored by TLC. All the volatilesrevremoved under reduced
pressure. The crude product was directly purifigdibica gel flash chromatography using

hexane/ethyl acetate as eluent, to afftrds yellow liquid.

Spectr oscopic data of 2c

(@]

T

2c

\\

This compound was prepared by following the gengratedure for synthesis @t and
isolated as yellow oil. R= 0.3 (Hexane/EtOAc = 5/13H NMR (400 MHz, CDCl3): &
6.02 (d,J = 4.0 Hz, 1H), 4.24 (dl = 16.8 Hz, 1), 4.02 (d = 16.8 Hz, 1H), 2.77 — 2.69 (m,
3H), 2.57 (g, 1H), 2.37 (g, 1H), 2.18 (s, 3H), 2(453H).
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Summary

The reaction of acyloxypyran-3-o2elc with 1,3-acetone dicarboxylic acid deliverad
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Chapter 3

Introduction

Morita-Baylis-Hillman reaction is ond the most facile C-C bond forming
reactions. The adaptability of MBH reaction is due to itsmteconomy, organocatalytic
nature, and ease of transformation of the MBH addimtb other synthetically targeted
products? MBH reactions are profusely utilized in the syrsiseof several pharmaceutical
and biologically active natural products.Despite various ameliorations in MBH
chemistry, some problems are still unexplored. Onetheim is the recognition of
enantioselective inter- or intramolecular MBH reéactof activated dienes. Among them,
the dienones are readily available or are eastgssible by simple synthetic routes. But,

to our surprise, there is no significant researciV@H reactions involving dienones.

Q HO Rs

B S o B
: =

S R!

0 R 0

R',R? =alkyl, aryl, heteroaryl
R?=H, alkyl, aryl

Scheme 12. MBH reaction of,B- disubstituted enon.

R',R? = alkyl, aryl, heteroaryl
R*=H, alkyl, aryl

Scheme 13. MBH reaction of substituted dienones.
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With the background of the earlier report on MBHaton of3,p- disubstituted
enones by our group (Scheme 42)e commenced our study of intramolecular Morita-

Baylis-Hillman reaction of dienone systems (as ihe3ge 13).

Results and Discussions

In the beginning,3 were synthesized from the corresponding dienald an
bromobenzyl alcohols (Scheme 14). To synthesizeath€l) we started with substituted
enalsl. | was converted tol via Wittig reaction with triethylphosphonoacetaté.was

further subjected to LAH reduction followed by IBXidation to yield dienal€.

COOEt 0
L o COOEt |
P,
CHO EtO” Okt 1) LAH, THF, -78°C |
i |
R! : R? NaH, THF, 0°C R? 2) IBX, EtOAc, 78 'C R1” R2
c
R1 H, CHs, Ar
=CHs, Ar OH
R3 H, CHg, Ar Cﬁt _ NaBH, _ @\)\Rs n-BuLi, THF, -78°C
R = Ar, X, alkoxy o
Br MeOH orc "N
B
o R?
=
RN IBX, EtOAC - HO NP
R! % = X -0 = X
R? o 78°C R2 OH
s D

Scheme 14. General approach for the synthesigof

Bromobenzyl alcohols were accessilila NaBH; reduction ofA. Diols D were
synthesized by n-butyllithium mediated direct alkiat Final dienones3 were then
obtained by IBX oxidation of diolB.

Finally, we wanted to synthesizg from 3 (Scheme 15) so we initiated the

optimization for4.
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R],R2 =alkyl, aryl, heteroaryl
RY=H, alkyl, aryl

Scheme 15. Synthesis of cyclopenta[blannulated arehes

Table 4. Optimization of MBH conditions foda.

(0] OH
H Catalyst (10 mol%) —
X Solvent
o (6]
3a 4a
S.No | Catalyst (10 mol%) Solvent Temp (°C) | Time (min) Yield (%)
1 PPhy Toluene 40 1800 no reaction
2 PCy; Toluene rt 20 91
3 PCy; DCE rt 20 90
4 PMe; Toluene rt 15 95
5 PMe; DCM rt 15 92
6* DBU DCM rt 15 86
72 DABCO DCM 40 15 81
8 PPh,Et Toluene rt 15 89
9 PPh,Et DCM 40 15 88
102 DMAP Toluene rt 20 85

a =yields based on starting material recovery.

Using3a as a model substrate, we started optimizing thditions by using various
nucleophilic bases and solvents with the motivelsdming cyclopenta[b]annulated arene
4a (Table 4) with short reaction time and excellemtigi To our delight, PMgn Toluene
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yielded4a with 95% yield in 15 minutes. The expected mecharigmhich the reaction
delivered4a is depicted in Scheme 16.

Q o] ®
oHegR3 R1
H PR3 H _
N R ———> . ‘ R2
A > R H)
O R? 60 e}

@PR3 R?

R"=H, alkyl, aryl
R2 = alkyl, aryl

Scheme 16. General approach for the synthesidg.of

Experimental methods

General experimental methods: All the starting compounds and catalysts employed in
this study were procured from Sigma-Aldrich and wesed without further purification.
For thin layer chromatography (TLC), silica aluminiéwiis with fluorescent indicator 254
nm (from Aldrich) were used and compounds were vigadlby irradiation with UV light
and/or by treatment with a solution anisaldehyde (23 mL), conc280, (35 mL), and
acetic acid (10 mL) in ethanol (900 mL) followedHmsating. Column chromatography was
performed using SD Fine silica gel 100-200 mesh (@pprately 15-20 g per 1 g of the
crude product). Dry THF was obtained by distillatmver sodium and stored over sodium
wire. IR spectra were recorded on a Perkin—ElmelR3pectrometer as thin films or KBr

pellet, as indicated, withmax in inverse centimetres.
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Procedure A: Synthesis of the dienones.

All these dienones were prepared as in Schemedtdexxample, commercially available
2-bromobenzaldehydes (when R = H and R = H) were converted to 2-bromo benzyl
alcoholsB via a straightforward sodium borohydride reducti@irect n-butyllithium
mediated metal-halogen exchange followed by alkyftatvith an appropriate dienél
generated the diolB. IBX oxidation of the dioldD led to the formation of the dienone-
aldehydes3, Scheme 14.

Representative procedure for step-1 (Scheme 14): An oven dried 25 mL RB flask was
charged with 2-bromo benzaldehyflg2.0 mmol), 10 mL dry MeOH and placed &@
Sodium borohydride (2.1 mmol) was added portion wiséeu nitrogen atmosphere and
stirred at room temperature unéil disappeared (monitored by TLC) and quenched by
saturated aqueous ammonium chloride. Methanol was vesmainder vacuum and
extracted using ethyl acetate. Organic extract®wembined and dried over anhydrous
sodium sulphate and concentrated to afford crudeofio alcohoB and proceeded to the

next step without further purification.

Representative procedure for step-11 (Scheme 14):3* An oven dried 25 mL long neck
RB flask was charged with 2-bromo alcol#o(1.0 mmol), 5 mL dry THF and placed at
—78°C. n-BuLi (1.6 M in hexanes, 2.2 mmol) was added drop wise at samgetature
and stirred for 2 hours. A dien@l (1.3 mmol) dissolved in 1 mL of dry THF, was added
dropwise over 2 mins and stirred at room temperdtr80 mins. The reaction mixture
was guenched with saturated aq. ammonium chlotigien and extracted using ethyl
acetate. The organic extracts were combined dried amhydrous sodium sulphate and
concentrated. The crude product was purified bgasijel column chromatography using

hexane/ethyl acetate as eluent to afford Diol

Representative procedure for step-111 (Scheme 14): Diol D (1 mmol) was dissolved in
ethyl acetate (10 mL), and IBX (1.5 mmol) was addBuke resulting suspension was
immersed in an oil bath set to 75 °C and stirred aitohol D disappeared as monitored
by TLC. The reaction was cooled to room temperaaakfiltered through Buchner funnel.
The filter cake was washed with 3x 2 mL of ethyltate Organic extracts were combined

and worked up using saturated sodium bicarbondigiao to remove excess iodobenzoic
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acid. The extract was dried over anhydrous sodiuiphate and concentrated under
vacuum. The crude product was purified by silich gdumn chromatography using

hexane/ethyl acetate as eluent to afford the eBone

Procedure B: Screening of reaction parameters (Table 4).

An oven dried 5 mL glass vial was dear with3a (25 mg, 0.125 mmol). An
appropriate solvent (1 mL) and a catalyst (0.0125 mhmere introduced at room
temperature (rt) under nitrogen atmosphere andficontinued at rt untBa disappeared
as monitored by TLC. All the volatiles were remowedler reduced pressure. The crude
product was directly purified by silica gel flasiramatography using hexane/ethyl acetate

as eluent, to afforda as pale yellow solid.

Summary

The synthesis of starting material 2-B2E)-5-phenylpenta-2,4-
dienoyl)benzaldehyde (dienones) and optimized cmmdifor the IMBH adducts, is
described.
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