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5.1 Introduction

1,3-Dicarbonyl compounds such as p-ketoesters, f-keto amides and 1,3-diketones are
important precursors in organic synthesis [1]. Both electrophilic and nucleophilic sites
make 1,3-dicarbonyl compounds unique and attractive in organic chemistry. For instance,
1,3-dicarbonyl compounds have been widely used in the preparation of various natural
products (e.g. prunustatin, nonactin and mokupalide), heterocyclic compounds (e.g.
pyrazolones and pyrimidines), pharmaceutics (e.g. paclitaxel), materials, etc., (Figure 5.1)
[2]. Among the different methods of preparation, 1,3-dicarbonyl compounds are typically
obtained via Claisen condensation-type reactions [3]. In this approach, enolizable (i.e. a-
hydrogen containing) ketones, esters or amides reacted with different acyl donors,
including 1-acylbenzotriazoles [4a,4b], acid chlorides [4c,4d], esters [4e], acyl cyanides
[4f], etc., in the presence of strong bases [4]. However, the use of harsh reaction conditions,
formation of undesired side products and low yields are the common problems associated
with traditional methods.

Amide is a key functional group found in natural products, drugs, proteins, enzymes,
materials, etc. [5]. Recently, the transformation of amides into different functional groups
via C(O)-N bond cleavage received considerable attention in organic synthesis [6]. In
particular, the transformation of amides into amides (via transamidation) [7], esters [8],
thio- and seleno esters [9], ketones [10], boronates [11], arylsulfides [12], biaryls [13],

phosphonates [14], cyanates [15], sulfoxonium ylides [16] etc. [6], have been
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demonstrated. In this context, the Lee group recently reported the synthesis of 1,3-

dicarbonyl compounds using activated and un-activated amides as acylating reagents under

mild conditions [17].

Compounds synthesized from p-keto esters

Mokupalide (hexaprenoid from marine sponge)

OH O
OH © COOH
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Figure 5.1 Examples of 1,3-dicarbonyl compounds as bioactive compounds and synthetic

precursors.
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Over the last few years, our research group has been focused on amide activation and
transamidation reactions [18]. We have demonstrated a metal-free transamidation of
secondary amides and a-ketoamides,the transformation of N-Boc-amides into aryl ketones
with Grignard reagents, and conversion of activated amides into aldehydes. Recently, we
have also demonstared the synthesis of N-Cbz amides and their applications in
transamidation and esterification reactions [18d]. The N-Cbz amides are stable and easy to
prepare in good yields compared with N-Boc and N-Ts amides. In view of this, here we
explored the use of N-Cbz amides as acylating agents in the preparation of 1,3-dicarbonyl
compounds such as f-ketoesters, and S-keto amides and 1,3-diketones under mild reaction

conditions (Scheme 5.1).

2 1 R%_O
R Cbz LIHMDS
1 3 A
R, R N - R?
o R4 CPME, rt, 2h R1
o]
R'=Aryl, alky!

R2=0R, NR,, Me
R3=R*=Aryl, aklyl

Scheme 5.1 Preparation of 1,3-dicarbonyl compoundsusing N-Cbz amides.
5.2 Results and discussion
In the beginning, an optimization study was performed using ethyl 2-phenylacetate (1a)
and N-methyl N-Cbz benzamide (2a) as model substrates. Initially, the reaction was
performed in THF in the presence of different bases, including DBU, Cs,CO3, NaOtBu,

KOtBu, NaH and LiHMDS (Table 5.1, entries 1-6). Among these bases, LIHMDS gave
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the desired f-Ketoesters 3a in 78% yields in 8 h at room temperature (Table 5.1, entry 6).
Later, the optimization study was performed in different solvents, including 1,4-dioxane,
DCM, toluene, diethyl ether and cyclopentyl methyl ether (CPME) in the presence of base
LiHMDS (Table 5.1, entries 7-11). Among these solvents, CPME was the best to provide

the desired product 3a in 90% yield (Table 5.1, entry 11).

Table 5.1 Optimization of reaction conditions.?

o O O
OEt ©)kpj,Me Base, Solvent, - O OEt
m " ébz rt, Time - O
1a 2a 3a
S.No. Base Solvent Time(h) Yield (%)"
1. DBU THF 8 trace
2. Cs2C03 THF 8 trace
3. NaOrBu THF 8 12
4. KOBu THF 8 15
5. NaH THF 8 20
6. LiHMDS THF 6 78
7. LiHMDS Dioxane 6 30
8. LiHMDS DCM 6 60
9. LiHMDS Toluene 6 75
10. LiHMDS Et,O 4 80
11. LiHMDS CPME 2 90

*Reaction conditions: Substrate 1a (0.5 mmol, 82 mg) and Base (1.2 eq.) were stirred in
appropriate solvents (3 mL) for 15 min, to which N-Cbz amide (161 mg, 1.2 eq.) was
added. ®Isolated yield.
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Further, as a part of the optimization study, we evaluated the reactivity of different N-
functionalized N-Cbz benzamides (i.e. N-propyl, N-cyclopropyl and N-benzyl benzamides
and N-phenyl benzamides) 2n-2q with ethyl 2-phenylacetate in the presence of LIHMDS in
CPME (Scheme 5.2). All these activated amides participated in the coupling reaction and

gave the f-ketoester 3a in 86-93% yields.

o
LiIHMDS (1.2 eq ) OEt
Cbz CPME rt,2h O o)
2n-2q 3a
(0]
A Ph
Cbz Cbz Cbz Cbz
20 2p 2q
3a: 88% 3a: 90% 3a: 86% 3a: 93%

Scheme 5.2 Reaction scope of different N-Cbz benzamides with ethyl 2-phenylacetate
(1a). Reaction conditions: Substrate 1a (0.5 mmol, 82 mg) and LIHMDS (1 M solution in
THF, 0.6 mL, 1.2 eq.) stirred in CPME (3 mL) for 15 min, after which N-Cbz amide (1.2
eq.) was added and stirred at room temperature for 2h. Isolated yields presented.

After establishing the optimized conditions, the scope of different N-Cbz amides in f-
ketoesters synthesis was investigated (Table 5.2). To our delight, ethyl 2-phenylacetate
(1a) underwent C-acylation smoothly with N-Cbz N-methyl benzamides bearing electron-
donating groups (e.g. methyl and ethoxy) and provided the desired p-ketoesters 3b-3d in
85-88% yields within 2 hours. On the other hand, the electron-withdrawing groups,

including halogens and nitro groups substituted N-Cbz N-methyl benzamides, also
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participated in the coupling reactions smoothly and provided the f-ketoesters 3e-3j in 85-

94% yields. Similarly, naphthyl and furfural N-Cbz amides gave the f-ketoesters 3k and 31

in good yields.

Table 5.2 Scope of N-Cbz amides with ethyl 2-phenylacetate (1a).

2b-2|

(0]
OEt Cbz
X N~
I |
m + O{))LM(%
1a

LIHMDS (1.2 eq.)

CPME, rt,2 h

Me
o

OEt
(1
3b (88%)
cl
O,
OEt
(1
3f (90%)
NO,
Ao
OEt
(1
3j (94%)

OEt
(1

39 (85%)

o O

3k (86%)

OEt

3i (92%)

31 (88%)

Reaction conditions: Substrate 1a (0.5 mmol, 82 mg) and LIHMDS (1 M solution in THF,
0.6 mL, 1.2 eq.) were stirred in CPME (3 mL) for 15 min after which N-Cbz amide 2b-21
(1.2 eq.) was added. ®Isolated yields presented.
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Further, the reactivity of various functionalized phenylacetic acid esters in the C-acylation
reaction was investigated. The C-acylation reaction was performed with N-Cbz N-methyl
benzamide (2a) in the presence of LIHMDS in CPME (Table 5.3).

Table 5.3 Scope of esters.

| bz LiIHMDS (1.2 eq
CPME r, 2 h O,
1ba 1bh

% aa- 4h
a (90%) (86%) (85%) 4d (92%)
N :Ei :fff
(90%) 4f (95%) (82%) (78%)

Reaction conditions: Substrate 1ba-1bh (0.5 mmol) and LiHMDS (1 M solution in THF,
0.6 mL, 1.2 eq.) stirred in CPME (3 mL) for 15 min after which N-Cbz amide 2a (161 mg,
1.2 eq.) was added. Isolated yields presented.

The reactions of methyl 2-phenylacetates bearing electron-donating groups such as
methoxy and methyl on the aryl ring underwent C-acylation with 2a and provided the
desired f-ketoesters 4a-4¢ in 85-90% yields. Similarly, the electron-withdrawing groups

such as chloro, bromo and trifluoromethyl groups functionalized phenylacetic acid esters

Department of Chemistry, IIT (BHU), VARANASI. Page 190



Chapter-5

underwent C-acylation with 2a and gave the desired f-ketoesters 4d-4f in 90-95% yields.
Moreover, sterically hindered ortho-substituted phenylacetic acid esters also participated in
the reaction efficiently and furnished the f-ketoesters 4g and 4h in 82% and 78% yields,
respectively.

Table 5.4 Scope of different O-protected phenylacetic acid esters.

0
OO y-CbZ  LIHMDS (1.2 eq) o
o * ‘ — >
Me CPME, tt, 2h O
1c-1g 2a

5a-5e

fr frwﬁ

5a (92% 5b (87%) 5¢ (91%)
88% 5e (90%

Reaction conditions: Substrate 1¢-1g (0.5 mmol) and LIHMDS (1 M solution in THF, 0.6
mL, 1.2 eq.) were stirred in CPME (3 mL) for 15 min after which N-Cbz amide 2a (161
mg, 1.2 eq.) was added. Isolated yields presented.

Furthermore, the reactivity of various O-protected phenylacetic acid esters was investigated
in the C-acylation reactions with N-Cbz N-methyl benzamide (2a) under established
reaction conditions (Table 5.4). To our delight, isopropyl-, n-butyl-, l-menthyl-,

cyclohexyl- and benzyl 2-phenylacetates underwent coupling with 2a and gave the desired
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fS-ketoesters 5a-5e in 87-92% yields at room temperature. The diastereomeric compound 5S¢
was obtained in 1:1 ratio with 81% yield.

Further to our delight, N-Cbz protected alkyl amide 2r also participated in the C-acylation
reactions with methyl 2-phenylacetates (1ba) and gave the corresponding f-ketoester 6 in

81% yield, which increases the reliability of N-Cbz amides (Scheme 5.3).

o Et-_©
OMe LiIHMDS (1.2 eq.)
+ OMe
m Et)]\'}'/CbZ »
Bn CPME, rt, 2h o)
1ba 2r 6 (81%)

Scheme 5.3 Reaction of N-Cbz protected alkyl amide with methyl 2-phenylacetate.
After exploring the f-ketoesters preparation, we investigated the synthesis of f-keto amides
using N-Cbz amides as acylating reagents under optimized conditions. The reaction of N, N-
dimethyl acetamide (7) with N-Cbz amides 2a and 2m in the presence of LiHMDS in
CPME gave the desired f-keto amides 8a and 8b in 80% and 82% yields, respectively

(Scheme 5.4).

o)
(0] _Me
e -Cbz | iHMDS (1.2 eq.) N
_Me + N I
Me” N | —_— Me
| R Me R

CPME, r.t.,, 2h
R=H= 80% (8a)
R=CF5 82% (8b)

Scheme 5.4 Reaction of N-Cbz protected alkyl amide with N, N-dimethyl acetamide.
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0
o o
RL S Me L|HMDS(1 2eq.) N
| _ + R—;‘
9

CPME r.t, 2h Z 10a-10c
l ' MeO l l
10a (95%) 10b (96%) 10c (92%)

Scheme 5.5 Synthesis of 1,3-diketones from ketone and N-Cbz amides.
After exploring the synthesis of B-ketoesters and P-keto amides, we investigated the
preparation of 1,3-diketones from N-Cbz amides and enolizable ketones (Scheme 5.5). To
our delight, N-Cbz-N-methyl benzamide underwent C-C coupling with acetophenone, 4-
methoxyacetophenone and 4-fluoroacetophenone smoothly and gave desired 1,3-diketones
10a-10c¢ in 92—96% yields.

Further, a one-pot synthesis of 1,3-dicarbonyl compounds was investigated (Scheme 5.6).

O O
(1a) OEt
- Ph
0,
0 LiHMDS (2.5 eq.) 0 3a (64%)
.Me " o o
H Cbz-Cl (1.1 eq.) N-Me 7
» : - NMe
CPME, r.t.,, 2h Cbz 2
8a (54%)
in situ (9a) 0 0
—_—
10a (62%)

Scheme 5.6 One-pot synthesis of 1,3-dicarbonyl compounds.
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Initially, the N-Cbz amide was generated in situ from the secondary amide and subjected to
the C-C coupling with ethyl 2-phenyl acetate (1a), N,N-dimethyl acetamide (7) and
acetophenone (9a). These reactions proceeded smoothly and gave the desired products in
good yields.

After exploring the versatility of the developed method in f-ketoesters, f-keto amides and
1,3-diketones, a gram scale reaction was performed with model substrates i.e. N-methyl N-
Cbz benzamide (2a, 1.34 g) and ethyl 2-phenylacetate (1a, 0.82 g) (Scheme 5.7). The
reaction provided the desired ester 3a in 84% yields which describes the practical

applicability of the developed methodology.

(@) (@]
O
OFEt NMe LIHMDS (1.2 eq.) ‘ OEt
[
m + Cbz CPME, r.t., 2h O
1a 2a 3a (84%)
0.82 g (5 mmol) 1.34 g (5 mmol) 1.13 g (4.2 mmol)

Scheme 5.7 Coupling reaction in a gram scale.
A plausible mechanism for the C-acylation reaction is shown in Scheme 5.8. Initially, the
carbonyl compound (e.g. arylacetic acid ester, acetophenone, N,N Dimethylacetamide)
undergoes enolization in the presence of a base. Further, the C-nucleophile undergoes
addition reaction with activated N-Cbz amide and generates the tetrahedral intermediate A.
This unstable intermediate undergoes C-N bond cleavage to provide the desired C-C

coupled product B.

Department of Chemistry, IIT (BHU), VARANASI. Page 194



Chapter-5

R? Q 2 2
1 Base R R
R /\n/ R1/\n/ - R1/\r
O e} OH
R1 H, Aryl
= Aryl, alkoxy, N(Me), e}
RBJ\N/Cbz
R4
<9 R O
)‘J\Hj\ MR2
E Cbz R?
Product (B) R4\ bz

N
Scheme 5.8. Proposed mechanism for the reaction of N-Cbz amides with esters.
Further, some applications of fS-ketoester in heterocyclic compounds preparation were
investigated. The reaction of f-ketoester 4a with phenylhydrazine and hydroxylamine in
ethanol under reflux conditions afforded biologically relevant 1,2-dihydro-3H-pyrazol-3-
one (11) and isoxazol-5(2H)-one (12) in good yields (Scheme 5.9)[19].

o O .0
N; ©\N,NH2 HN O

OMe  NH,OH.HCI —

HN™ =0 H ‘
_ - T
O EtOH, Reflux O EtOH, Reflux O Q

12
1" 4a

Scheme 5.9 Applications of f-ketoester in heterocyclic compounds synthesis.
In conclusion, the synthesis of 1,3-dicarbonyl compounds such as p-ketoesters, S-keto

amides and 1,3-diketones from enolizable esters, amides or ketones was demonstrated
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under mild reaction conditions. Various functionalized N-Cbz amides were used as acyl
donors in the presence of LIHMDS in cyclopentyl methyl ether (CPME). The desired 1,3-
dicarbonyl compounds were obtained in good to excellent yields at room temperature.
Broad substrate scope, wide functional groups tolerance and metal-free conditions are the
important features of the developed methodology.

5.3 Experimental Section

5.3.1. Procedure for C-acylation reactions

An oven-dried round bottom flask (25 mL) with a stir bar was charged with N-Cbz amide
(0.5 mmol) and LiHMDS (1 M solution in THF, 0.6 mmol, 0.6 mL) in CPME (3 mL) to
which the ester/amide/ketone (1.2 eq.) was added. The resulting mixture was stirred for 2h
under N> atmosphere and was diluted with ethyl acetate, and washed with 1M HCI solution
and brine. The organic layer was then dried over anhydrous Na>SOs, filtered and
evaporated under reduced pressure. The resulting crude product was purified by column
chromatography (EtOAc/hexanes) to obtain the pure products.

5.3.2. General Procedure for synthesis of N-Cbz amides from Secondary Amides [18d]:

o) <|3
LiIHMDS
)J\N/R2 + CbzCl R1)\N’Cbz
Y THF, rt, 3 h R,

R1

An oven-dried round-bottomed flask (100 mL) was charged with amide (1.0 mmol) in

THF (5 mL) to which lithium bis(trimethylsilyl) amide (LiHMDS, 1 M solution in THF,
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1.2 mmol, 1.2 mL) was added at 0 °C. The resulting mixture was allowed to stir for 15 min
after which benzyl chloroformate (Cbz-Cl, 1.2 mmol, 170 pL) was added slowly. The
reaction mixture was allowed to stir at room temperature for 3h. After completion, the
reaction mixture was quenched with 1 M HCI solution, extracted with ethyl acetate and
washed with brine. The organic layer was dried over anhydrous Na>SO4 and concentrated.
The crude product was purified by silica gel (100-200 mesh) column chromatography
(S10,: ethyl acetate/hexane: 10/90) to obtain the pure N-Cbz amides (2a-2r). The analytical

data of 2a-r was already reported by our groups [18d].

i i
R LIHMDS
R1)J\N/ 2+ Cbz0l @———— R1)\l}l’CbZ
4 THF, 11,3 h R,
0 o " o o o 0 o
e -
@)‘\N/Cbz /@)J\N/Cbz \@)‘\N z /@)‘\N Cbz /©)L'}‘ Cbz/©)LN bz
y y Me | Me \
Me M
Me Me EtO © F 20 cl Me
2 2 Me 2 2d 2
o 0] o o) o
.Cb Cbz O,N _.Cbz
M M | )
I Me OzN ¢ Me © Me N0 Me
2g 2h al
o] 2i 2j 2k 2l
(] e} ]
Cbz o
/@AN N Cbz ©)‘\N,Cbz ©)J\N Cbz ©)‘\ Cbz HSC\)J\N Cbz
Me | |
F3C Ph Bn
- Con
2m 2n 20 2p 2q 2r

5.3.3 General procedure for synthesis of alkyl arylacetate [20].

OH  ROH, H,SO4(Cat.) OR
DCM, 60°C
0 > 0
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A 50 mL round bottom flask was charged with alcohol (in the case of methanol and
ethanol, 6 mL was used; in other cases, 2 equiv. of alcohol was dissolved in 6 mL DCM
and used), phenyl acetic acid (500 mg) and H>SO4 (0.2 mL). The reaction mixture was
stirred at 50 °C and monitored by TLC. After completion of the reaction, the product was
extracted with ethyl acetate, washed with aqueous NaHCO3, water and brine, dried over
anhydrous Na>SOs, the resulting crude product was purified by column chromatography
(EtOAc/hexane) to obtain the corresponding phenyl acetic acid esters.

5.3.4. General Procedures for the synthesis of 1,3-dicarbonyl compounds

5.3.5. Procedure for the synthesis of f-keto esters

)
OR _Cbz LiIHMDS (1.2eq.)
N s .

An oven-dried round bottom flask (25 mL) with a stir bar was charged with corresponding

ester (0.5 mmol) and LiHMDS (1 M solution in THF, 0.6 mmol, 0.6 mL) in CPME (3 mL)
to which the N-Cbz amide (1.2 equiv.) was added. The resulting mixture was stirred under
N> atmosphere for 2 h and was diluted with ethyl acetate and washed with 1M HCI solution
and brine. The organic layer was then dried over anhydrous Na>SOs, filtered and
evaporated under reduced pressure. The resulting crude product was purified by column

chromatography (EtOAc/hexane) to obtain the f-keto esters.
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5.3.6. Procedure for the synthesis of f-keto amides

.Me
bz  LiHMDS (1 2eq.) N
/©)‘\ Me
CPME rt., 2h R

An oven-dried round bottom flask (25 mL) with a stir bar was charged with N, N-dimethyl
acetamide (0.5 mmol) and LIHMDS, 1 M solution in THF, 0.6 mmol, 0.6 mL) in CPME (3
mL) to which N-Cbz amide (1.2 equiv.) was added. The resulting mixture was stirred for
2h and was diluted with ethyl acetate and washed with 1 M HCI solution and brine. The
organic layer was then dried over anhydrous Na;SOs, filtered and evaporated under
reduced pressure. The resulting crude product was purified by column chromatography
(EtOAc/hexane) to obtain f-keto amides.

5.3.7. Procedure for the synthesis of 1,3-diketones

bz LiHMDS (1 2eq.) Ph
P R
CPME rt., 2h
An oven-dried round bottom flask (25 mL) with a stir bar was charged with acetophenone
(0.5 mmol) and LiHMDS, 1 M solution in THF, 0.6 mmol, 0.6 mL) in CPME (3 mL) to
which corresponding N-Cbz amide (1.2 equiv.) was added. The resulting mixture was

stirred for 2 h and was diluted with ethyl acetate and washed with 1 M HCI solution and

brine. The organic layer was then dried over anhydrous Na>SOys, filtered and evaporated
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under reduced pressure. The resulting crude product was purified by column
chromatography (EtOAc/hexane) to obtain f-keto amides.

5.3.8. Procedure for the one-pot synthesis

O O
(1a) OEt
> Ph
0,
N LIHMDS (2.5 eq.) 0 3a (64%)
.Me " o o
” Cbz-Cl (1.1 eq.) Ml @)
Cbz — w NMe,
CPME, r.t.,, 2h
8a (54%)
in situ (9a) o o
—_—
10a (62%)

An oven-dried round-bottomed flask was charged with N-methyl benzamide (0.5 mmol, 68
mg) in CPME (5 mL) to which lithium bis(trimethylsilyl) amide (LiIHMDS, 1 M solution in
THF, 1.25 mmol, 1.25 mL) was added at 0 °C. The resulting mixture was allowed to stir
for 15 min after which benzyl chloroformate (Cbz-Cl, 0.6 mmol, 85 uL) was added slowly.
The reaction mixture was allowed to stir at room temperature for 3h after which ethyl 2-
phenyl acetate (1a) (or) N-N-dimethyl acetamide (7) (or) acetophenone (9a) was added.
The resulting mixture was stirred for 2h and was diluted with ethyl acetate and washed
with 1 M HCI solution and brine. The organic layer was then dried over anhydrous
NaxSOs, filtered and evaporated under reduced pressure. The resulting crude product was
purified by column chromatography (EtOAc/hexane) to obtain 3a (64%), 8a (54%) and

10a (62%).
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5.4 Analytical Data of the Products:
5.4.1. Ethyl 3-0x0-2,3-diphenylpropanoate(3a) [3]]

The title compound was obtained as a white solid. M.p.

O O 69.8=71.6 °C. The residue was purified by column
OFt chromatography in silica gel eluting with hexane: EtOAc

O
(3a) (90:10), Rf = 0.60; Yield 90% (120 mg). IH NMR (500 MHz,

CDCI3) & = 7.98-7.96 (m, 2H), 7.54 (dd, J = 10.6, 4.2 Hz,
1H), 7.44-7.41 (m, 4H), 7.37-7.34 (m, 2H), 7.32-7.29 (m,
1H), 5.62 (s, 1H), 4.27-4.19 (m, 2H), 1.24 (t, ] = 7.1 Hz,
3H).13C NMR (125 MHz, CDCI3) 6 = 193.2, 168.8, 135.7,
133.4, 133.0, 129.5, 128.8, 128.7, 128.6, 128.0, 61.7, 60.5,
13.9.
5.4.2. Ethyl 3-0x0-2-phenyl-3-(p-tolyl)propanoate(3b) [3Kk]
H,C O The title compound was obtained as a colourless oil. The
(@)

residue was purified by column chromatography in silica gel

O 5 - eluting with hexane: EtOAc (90:10), Ry = 0.60; Yield 88%
(3b) (124 mg). "H NMR (500 MHz, CDCls) 6 = 7.86 (d, ] = 8.2

Hz, 2H), 7.41-7.40 (m, 2H), 7.36—7.34 (m, 2H), 7.30 (ddd, J=

8.4, 4.3, 1.3 Hz, 1H), 7.22 (d, J = 8.2 Hz, 2H), 5.59 (s, 1H),

4.26-4.19 (m, 2H), 2.37 (s, 3H), 1.24 (t, J = 7.1 Hz, 3H).*C
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NMR (125 MHz, CDCl;) 0 = 192.8, 168.9, 144.4, 133.1,
133.0, 129.5, 129.3, 129.0, 128.7, 128.0, 61.6, 60.4, 21.6,
14.0.

5.4.3. Ethyl 3-(3,5-dimethylphenyl)-3-oxo-2-phenylpropanoate(3c)

HsC The title compound was obtained as a colourless oil. The
O o residue was purified by column chromatography in silica gel

fsC OEt  cluting with hexane: EtOAc (90:10), R, = 0.60; Yield 87%
(3c)o (128 mg). 'TH NMR (500 MHz, CDCls) 6 = 7.58 (s, 2H),

7.41 (d, J = 8.0 Hz, 2H), 7.36 (t, ] = 7.6 Hz, 2H), 7.32-7.28
(m, 1H), 7.17 (s, 1H), 5.60 (s, 1H), 4.26—4.17 (m, 2H), 2.33
(s, 6H), 1.24 (t, ] = 7.1 Hz, 3H).®C NMR (125 MHz,
CDCls) 6 = 193.5, 168.9, 138.3, 135.8, 135.1, 133.1, 129.5,
128.7, 128.0, 126.6, 61.6, 60.4, 21.2, 14.1. HRMS: Calc. for
Ci9H2105 [M+H]": 297.1491, Obser.: 297.1489.

5.4.4. Ethyl 3-(4-ethoxyphenyl)-3-oxo-2-phenylpropanoate(3d)

EtO O The title compound was obtained as a colourless oil. The
O

OF residue was purified by column chromatography in silica gel

O 3 d)O eluting with hexane: EtOAc (90:10), Ry = 0.60; Yield 85%

(132 mg). "H NMR (500 MHz, CDCl3) 6 = 7.94-7.93 (m, 2H),

Department of Chemistry, IIT (BHU), VARANASI. Page 202



Chapter-5

7.41 (dd, J = 8.2, 1.1 Hz, 2H), 7.35 (t, ] = 7.4 Hz, 2H), 7.29
(ddd, J = 8.3, 2.5, 1.2 Hz, 1H), 6.87 (d, J = 9.0 Hz, 2H), 5.57
(s, 1H), 4.27-4.18 (m, 2H), 4.06 (q, J = 7.0 Hz, 2H), 1.41 (t,
= 7.0 Hz, 3H), 1.25 (t, J = 7.1 Hz, 3H).3C NMR (125 MHz,
CDCL) § = 191.7, 169.0, 163.1, 133.3, 131.2, 129.4, 128.7,
128.3, 127.9, 114.2, 63.7, 61.6, 60.2, 14.5, 14.0. HRMS: Calc.

for C19H2104 [M+H]": 313.1440, Obser.: 313.1431.

5.4.5. Ethyl 3-(4-fluorophenyl)-3-oxo-2-phenylpropanoate(3e)
F O The title compound was obtained as a white solid. M.p. 68-70
? ot °C. The residue was purified by column chromatography in
O o silica gel eluting with hexane: EtOAc (90:10), Ry = 0.60; Yield
91% (130 mg). '"H NMR (500 MHz, CDCl3) J = 8.02-7.96 (m,
2H), 7.37 (dt, J = 15.0, 7.8 Hz, 4H), 7.31 (dd, J = 8.3, 5.6 Hz,
1H), 7.09 (t, J = 8.5 Hz, 2H), 5.55 (s, 1H), 4.23 (ddd, ] = 9.4,
7.1, 2.7 Hz, 2H), 1.25 (t, ] = 7.1 Hz, 3H)."*C NMR (125 MHz,
CDCl) 6 =191.7, 168.5, 166.8, 164.8, 132.8, 132.0, 131.6(d, J =
8.75 Hz), 129.4, 128.8, 128.2, 115.8 (d, ] = 22.5 Hz), 61.8, 60.5,

14.0.

Department of Chemistry, [IT (BHU), VARANASI. Page 203



Chapter-5

5.4.6. Ethyl 3-(4-chlorophenyl)-3-oxo-2-phenylpropanoate(3f) [31]

N The title compound was obtained as a white solid. M.p.
O ¢} 77.8=79.5 °C. The residue was purified by column
O OFt chromatography in silica gel eluting with hexane: EtOAc

(31’)O (90:10), Ry = 0.60; Yield 90% (136 mg). 'H NMR (500 MHz,
CDCh) 6 = 7.89 (d, J = 7.9 Hz, 2H), 7.40-7.35 (m, 6H), 7.32
(dd, J =5.2, 2.4 Hz, 1H), 5.53 (s, 1H), 4.27-4.18 (m, 2H), 1.25
(t, J = 7.1 Hz, 3H).C NMR (125 MHz, CDCl3) 6 = 192.1,
168.5, 140.0, 133.9, 132.7, 130.2, 129.5, 129.0, 128.9, 128.2,
61.8, 60.6, 14.0.

5.4.7. Ethyl 3-(4-iodophenyl)-3-0xo0-2-phenylpropanoate (3g)

| The title compound was obtained as a colourless liquid. The
O o residue was purified by column chromatography in silica gel
O OEt eluting with hexane: EtOAc (90:10), Ry = 0.60; Yield 85% (167

(3go) mg). "H NMR (500 MHz, CDCl3) 6 = 7.78 (dd, J = 8.8, 2.0 Hz,
2H), 7.66-7.64 (m, 2H), 7.39-7.33 (m, 4H), 7.31 (ddd, J = 8.5,
5.1, 2.5 Hz, 1H), 5.52 (s, 1H), 4.28 — 4.18 (m, 2H), 1.24 (t, ] =
7.1 Hz, 3H).3C NMR (125 MHz, CDCl3) 6 = 192.6, 168.4,

138.0, 134.9, 132.6, 130.1, 129.4, 128.9, 128.2, 61.8, 60.5, 14.0.
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HRMS: Calc. for Ci7H;6IO3; [M+H]": 295.0144, Obser.:
295.0137.

5.4.8. Ethyl 3-(4-nitrophenyl)-3-oxo-2-phenylpropanoate(3h) [3]]

ON The title compound was obtained as a yellow oil. The residue
O = was purified by column chromatography in silica gel eluting
O I Ot with hexane: EtOAc (90:10), Ry = 0.60; Yield 94% (147 mg).

(3h) keto enol isomers ratio 1:1. "H NMR (500 MHz, CDCls) § =
13.58 (s, 1H), 8.26 (d, J = 8.7 Hz, 2H), 8.09 (d, J = 8.6 Hz, 2H),
7.99 (d, J = 8.9 Hz, 2H), 7.40-7.37 (m, 6H), 7.35-7.32 (m, 1H),
7.25-7.22 (m, 3H), 7.09-7.05 (m, 2H), 5.56 (s, 1H), 4.31-4.27
(m, 2H), 4.23 (ddt, J = 10.8, 7.3, 3.7 Hz, 2H), 1.26 (t, ] = 7.1 Hz,
6H).>*C NMR (125 MHz, CDCl3) § = 191.9, 172.9, 168.0,
167.8, 150.3, 147.8, 141.1, 140.2, 133.8, 132.0, 131.7, 130.2,
129.8, 129.5, 129.0, 128.5, 128.2, 127.4, 123.8, 122.7, 62.0,
61.5,61.1, 14.0, 13.9.

5.4.9. Ethyl 3-(3-nitrophenyl)-3-oxo-2-phenylpropanoate (3i)

The title compound was obtained as a yellow oil. The residue
O O was purified by column chromatography in silica gel eluting

O,N

E
O OFt " ith hexane: EtOAc (90:10), R, = 0.60; Yield 92% (144 mg).

o)
(3i)
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keto enol isomers ratio 3.3:1. "H NMR (500 MHz, CDCl;) 6 =
13.62 (s, 0.3H), 8.79 (s, 1H), 8.38 (dd, J = 8.2, 1.1 Hz, 1H), 8.26
(d, J=7.8 Hz, 1H), 7.64 (t, J = 8.0 Hz, 1.2H), 7.49 (d, J = 7.8
Hz, 0.6H), 7.44-7.28 (m, 5.6H), 7.26—7.21 (m, 1H), 7.10 (dd, J =
6.5, 3.0 Hz, 0.6H), 5.59 (s, 14H), 4.31-4.21 (m, 2.75H), 1.26 (td,
J =17.1, 4.0 Hz, 4H).1*C NMR (125 MHz, CDCl3) § = 191.2,
148.4, 136.9, 135.0, 134.3, 133.8, 132.0, 131.7, 130.0, 129.5,
129.1, 128.5, 128.5, 128.3, 127.6, 127.4, 124.4, 124.1, 123.7,
62.0, 61.5, 60.8, 14.0. HRMS: Calc. for Ci;7Hi¢NOs [M+H]":
314.1028, Obser.: 314.1022.
5.4.10. Ethyl 3-(3-chloro-5-nitrophenyl)-3-oxo-2-phenylpropanoate (3j)

The title compound was obtained as a yellow oil. The residue

O,N
O was purified by column chromatography in silica gel eluting
O
cl with hexane: EtOAc (90:10), Ry = 0.60; Yield 94% (163 mg).
OEt
O 4 keto enol isomers isomers ratio 2:1 ratio. '"H NMR (500 MHz,

CDCls) 8 = 13.61 (s, 0.5H), 8.44 (d, J = 2.1 Hz, 1H), 8.05 (dd, J
= 8.4, 2.1 Hz, 1H), 7.78 (d, J = 0.9 Hz, 0.5H), 7.62 (d, J = 8.4
Hz, 1H), 7.39-7.36 (m, 10H), 7.28 (dd, J = 5.4, 2.3 Hz, SH),
7.11-7.09 (m, 2H), 5.52 (s, 1H), 4.30-4.21 (m, 3H), 1.28-1.23

(m, 4.5H)."*C NMR (125 MHz, CDCl3) 6 = 190.2, 172.9, 167.8,
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166.0, 147.9, 134.8, 133.5, 132.6, 132.5, 132.2, 131.7, 131.5,
131.0, 1294, 129.1, 128.6, 128.5, 127.7, 126.4, 125.8, 62.1,
61.6, 60.6, 14.0, 13.9. HRMS: Calc. for C17H;sCINOs [M+H]":
348.0639, Obser.: 348.0635.

5.4.11. Ethyl 3-(naphthalen-2-yl)-3-o0xo-2-phenylpropanoate(3Kk) [3]]

The title compound was obtained as a colourless oil. The residue

O was purified by column chromatography in silica gel eluting with
O ° hexane: EtOAc (90:10), Ry = 0.60; Yield 86% (136 mg). 'H

I oF! NMR (500 MHz, CDCl3) 6 = 8.50 (s, 1H), 8.02 (dd, J = 8.7, 1.7

(3k) Hz, 1H), 7.93 (d, J = 8.1 Hz, 1H), 7.85 (t, J = 8.2 Hz, 2H), 7.62—

7.57 (m, 1H), 7.56-7.52 (m, 1H), 7.48-7.47 (m, 2H), 7.37 (t, ] =
7.5 Hz, 2H), 7.32-7.29 (m, 1H), 5.78 (s, 1H), 4.30—4.21 (m, 2H),
1.26 (t, J = 7.1 Hz, 3H)."*C NMR (125 MHz, CDCl3) § = 193.2,
168.8, 135.6, 133.0, 133.0, 132.3, 130.8, 129.6, 129.5, 128.8,
128.6, 128.1, 127.7, 126.8, 124.2, 61.7, 60.5, 14.0.

5.4.12. Ethyl 3-(furan-2-yl)-3-oxo0-2-phenylpropanoate (3I) [3]]

The title compound was obtained as a colourless oil. The residue

/
0 © was purified by column chromatography in silica gel eluting with
OEt
S hexane: EtOAc (90:10), Ry = 0.60; Yield 88% (113 mg). 'H
(31 NMR (500 MHz, CDCLs) 6 = 7.57-7.56 (m, 1H), 7.44 (dd, J =
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8.2, 1.1 Hz, 2H), 7.37-7.34 (m, 2H), 7.33-7.29 (m, 1H), 7.27—
7.24 (m, 1H), 6.51 (dt, J = 3.0, 1.5 Hz, 1H), 5.43 (s, 1H), 4.25—
4.19 (m, 2H), 1.24 (t, J = 7.1 Hz, 3H)."*C NMR (125 MHz,
CDCl) o = 181.9, 168.2, 151.4, 146.8, 132.3, 129.6, 128.5,
128.1, 118.6, 112.6, 61.7, 60.1, 13.9.
5.4.13. Methyl 3-o0xo0-2,3-diphenylpropanoate(4a) [21]
The title compound was obtained as a white solid. M.p. 73-74 °C.
O O The residue was purified by column chromatography in silica gel
O OMe eluting with hexane: EtOAc (90:10), Ry = 0.60; Yield 90% (114
(4‘3 mg). "H NMR (500 MHz, CDCls) 6 = 7.97-7.95 (m, 2H), 7.55—
7.52 (m, 1H), 7.42 (ddd, J = 5.9, 5.0, 1.5 Hz, 4H), 7.38-7.35 (m,
2H), 7.32— 7.29 (m, 1H), 5.65 (s, 1H), 3.76 (s, 3H).*C NMR
(125 MHz, CDCl3) ¢ = 193.1, 169.2, 135.5, 133.5, 132.8, 129.5,
128.9, 128.8, 128.7, 128.1, 60.3, 52.7.
5.4.14. Methyl 2-(4-methoxyphenyl)-3-oxo-3-phenylpropanoate(4b) [21]
The title compound was obtained as a white solid. M.p. 92-94 °C.
O O The residue was purified by column chromatography in silica gel
O OMeeluting with hexane: EtOAc (90:10), Ry = 0.60; Yield 86% (122
MeO

(0]
(4b) mg). "H NMR (500 MHz, CDCl3) 6 = 7.96-7.94 (m, 2H), 7.53 (4,

Department of Chemistry, IIT (BHU), VARANASI. Page 208



Chapter-5

J=10.5, 1H), 7.42 (t, ] = 7.7 Hz, 2H), 7.33-7.30 (m, 2H), 6.90—
6.87(m, , 2H), 5.59 (s, 1H), 3.77 (s, 3H), 3.76 (s, 3H).)3C NMR
(125 MHz, CDCls) 6 = 193.4, 169.6, 159.4, 135.4, 133.4, 130.6,

128.9, 128.6, 128.4, 124.8, 114.3, 59.4, 55.1, 52.7.

5.4.15. Methyl 3-o0x0-3-phenyl-2-(p-tolyl)propanoate (4¢) [22]

g
OMe
O (@]
Me

(4c)

The title compound was obtained as a white solid. M.p. 68-70 °C.
The residue was purified by column chromatography in silica gel
eluting with hexane: EtOAc (90:10), Ry = 0.60; Yield 85% (113
mg). '"H NMR (500 MHz, CDCl3) 6 = 7.97 (t, J = 9.1 Hz, 2H),
7.55(d, J =2.8 Hz, 1H), 7.44 (dd, J = 10.0, 7.0 Hz, 2H), 7.31 (d,
J =6.9 Hz, 2H), 7.18 (t, J = 8.9 Hz, 2H), 5.63 (s, 1H), 3.78 (s,
3H), 2.34 (s, 3H).3C NMR (125 MHz, CDCl3) 6 = 193.3, 169.4,
137.9, 135.5, 133.4, 129.8, 129.6, 129.3, 128.9, 128.6, 60.0, 52.7,

21.0.

5.4.16. Methyl 2-(4-chlorophenyl)-3-0xo0-3-phenylpropanoate (4d) [23]

W
OMe
(1
Cl

(4d)

The title compound was obtained as a white solid. M.p. 68-70 °C.
The residue was purified by column chromatography in silica gel
eluting with hexane: EtOAc (90:10), Ry = 0.60; Yield 92% (132

mg). "H NMR (500 MHz, CDCls) 6 = 7.94 (d, J = 8.1 Hz, 2H),
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7.56 (dd, J = 10.5, 4.3 Hz, 1H), 7.44 (dd, J = 11.1, 4.2 Hz, 2H),
7.37-7.30 (m, 4H), 5.62 (s, 1H), 3.75 (d, J = 1.3 Hz, 3H).*C
NMR (125 MHz, CDCl3) ¢ = 192.8, 168.9, 135.2, 134.2, 133.7,
131.2, 130.8, 129.0, 128.8, 128.7, 59.4, 52.8.
5.4.17. Methyl 2-(4-bromophenyl)-3-oxo0-3-phenylpropanoate(4e) [24]
The title compound was obtained as a white solid. M.p. 68-70 °C.
O O The residue was purified by column chromatography in silica gel
O OMe " cluting with hexane: EtOAc (90:10), R, = 0.60; Yield 90% (149
Br (4Oe) mg). "H NMR (500 MHz, CDCls) § = 7.94 (dd, J = 7.5, 1.0 Hz,
2H), 7.57— 7.54 (m, 1H), 7.50-7.48 (m, 2H), 7.44 (dd, J = 11.1,
4.5 Hz, 2H), 7.30-7.28 (m, 2H), 5.60 (s, 1H), 3.76 (s, 3H).1*C
NMR (125 MHz, CDCl;) ¢ = 192.7, 168.8, 135.2, 133.7, 132.0,
131.7,131.2, 128.8, 128.8, 122.5, 59.5, 52.9.
5.4.18. Methyl 3-oxo0-3-phenyl-2-(4-(trifluoromethyl)phenyl)propanoate (4f)
The title compound was obtained as a white solid. M.p. 68-70 °C.
O 0 The residue was purified by column chromatography in silica gel
O I oMe eluting with hexane: EtOAc (90:10), Ry = 0.60; Yield 95% (152
FaC (4f) mg). "H NMR (500 MHz, CDCls) § = 7.96-7.95 (m, 2H), 7.63

(d, J = 8.2 Hz, 2H), 7.59-7.54 (m, 3H), 7.47-7.44 (m, 2H), 5.71
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(s, 1H), 3.77 (s, 3H)."3C NMR (125 MHz, CDCl3) § = 192.41,
168.60, 136.64, 135.23, 133.94, 132.34, 130.01, 129.17, 128.90,
128.88, 127.84, 125.7(q, J = 3.75 Hz), 122.61, 59.81, 53.03.
HRMS: Calc. for Ci7H14F30; [M+H]™: 323.0895, Obser.:
323.0885.

5.4.19. Methyl 2-(2-fluorophenyl)-3-oxo-3-phenylpropanoate (4g)

I,

OMe
O o) silica gel eluting with hexane: EtOAc (90:10), Ry = 0.60; Yield
F
(49)

The title compound was obtained as a white solid. M.p. 68-70

°C. The residue was purified by column chromatography in

82% (111 mg). "H NMR (500 MHz, CDCls) 6 = 7.97 (dd, J =
8.2, 0.9 Hz, 2H), 7.58-7.53 (m, 1H), 7.44 (t, J = 7.7 Hz, 3H),
7.32-7.27 (m, 1H), 7.15-7.07 (m, 2H), 6.01 (s, 1H), 3.78 (s,
3H).3C NMR (125 MHz, CDCls) § = 192.94, 168.74, 160.94,
158.99, 135.17, 133.80, 130.9 (d, ] = 2.5 Hz), 130.0 (d, J = 8.75
Hz), 128.8 (d, J = 3.75 Hz), 128.5 (d, J = 3.75 Hz), 127.7,
124.5, 124.4, 120.2 (d, J = 13.75 Hz), 115.4 (d, J = 22.5 Hz),,
52.88, 51.8. HRMS: Calc. for CieHisFNaOs [M+Na]*:

295.0746, Obser.: 295.0745.
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5.4.20. Methyl 2-(2-methoxyphenyl)-3-oxo0-3-phenylpropanoate (4h)

o
O OMe

0O

OMe

(4h)

The title compound was obtained as a white solid. M.p. 68-70 °C.
The residue was purified by column chromatography in silica gel
eluting with hexane: EtOAc (90:10), Ry = 0.60; Yield 78% (110
mg). "H NMR (500 MHz, CDCl3) 6 = 7.96-7.94 (m, 2H), 7.52 (t,
J=7.4 Hz, 1H), 7.40 (t, J = 7.8 Hz, 2H), 7.29-7.26 (m, 2H), 6.92
(t, ] = 7.6 Hz, 2H), 6.14 (s, 1H), 3.90 (s, 3H), 3.77 (s, 3H).’C
NMR (125 MHz, CDCl3) ¢ = 194.4, 169.7, 156.1, 135.5, 133.4,

130.2, 129.4, 128.7, 128.6, 121.6, 120.9, 110.7, 55.6, 52.9, 52.6.

5.4.21. Isopropyl 3-o0xo0-2,3-diphenylpropanoate (5a)

The title compound was obtained as a colourless oil. The residue
was purified by column chromatography in silica gel eluting with
hexane: EtOAc (90:10), Ry = 0.60; Yield 92% (129 mg). 'H
NMR (500 MHz, CDCl;) ¢ = 8.00-7.94 (m, 2H), 7.56-7.50 (m,
1H), 7.45-7.40 (m, 4H), 7.36 (dd, J = 10.2, 4.8 Hz, 2H), 7.30
(ddd, J=7.0,5.5, 1.3 Hz, 1H), 5.57 (s, 1H), 5.08 (dt, J = 12.5, 6.2
Hz, 2H), 1.24 (d, J = 6.2 Hz, 3H), 1.19 (d, ] = 6.3 Hz, 3H).13C
NMR (125 MHz, CDCls) 0 = 193.2, 168.2, 135.7, 133.3, 133.0,

129.5, 128.8, 128.7, 128.6, 128.0, 69.3, 60.7, 21.5, 21.4. HRMS:
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Calc. for C1sH 903 [M+H]": 283.1334, Obser.: 283.1327.
5.4.22. Butyl 3-0x0-2,3-diphenylpropanoate (5b)
0 o The title compound was obtained as a colourless oil. The residue
O o~ >"was purified by column chromatography in silica gel eluting with
O (5b) hexane: EtOAc (99:01), Ry = 0.60; Yield 87% (128 mg). 'H
NMR (500 MHz, CDCl3) 6 = 7.97 (dd, J = 8.3, 1.1 Hz, 2H),
7.57-7.49 (m, 1H), 7.46-7.39 (m, 4H), 7.39-7.33 (m, 2H), 7.33—
7.28 (m, 1H), 5.61 (s, 1H), 4.23-4.11 (m, 2H), 1.62-1.55 (m,
2H), 1.30 (dg, J = 15.1, 7.5 Hz, 2H), 0.88 (t, ] = 7.4 Hz, 3H).3C
NMR (125 MHz, CDCl;) 6 = 193.2, 168.8, 135.6, 133.4, 132.9,
129.5, 128.8, 128.7, 128.6, 128.0, 65.5, 60.5, 30.4, 18.9, 13.5.

HRMS: Calc. for C19H2103 [M+H]":297.1491, Obser.: 297.1485.

5.4.23. (1R,2S8,5R)-2-isopropyl-5-methylcyclohexyl-3-0x0-2,3-diphenylpropanoate
(S¢)

The title compound was obtained as a colourless oil. The residue
o 0 was purified by column chromatography in silica gel eluting with
O O ° hexane: EtOAc (90:10), Ry = 0.60; Yield 91% (171 mg). 'H
(&) NMR (500 MHz, CDCl3) ¢ = 8.04-7.94 (m, 2H), 7.58 — 7.50 (m,
2H), 7.47-7.39 (m, 4H), 7.39-7.28 (m, 3H), 5.59 (d, J = 6.5 Hz,

1H), 4.73 (tdd, J = 10.9, 4.2, 2.4 Hz, 1H), 2.10-1.94 (m, 1H),
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1.81-1.59 (m, 2H), 1.58-1.39 (m, 1H), 1.39—-1.23 (m, 1H), 1.08—
0.93 (m, 2H), 0.92-0.79 (m, 6H), 0.73 (dd, J = 19.7, 7.0 Hz, 3H),
0.59 (d, J = 6.9 Hz, 1.5H)."*C NMR (125 MHz, CDCl3) § =
193.2, 192.9, 168.3, 135.9, 133.4, 133.3, 133.1, 133.0, 129.6,
129.5, 129.3, 129.3, 128.8, 128.7, 128.6, 128.6, 128.5, 128.3,
128.1, 128.1, 128.0, 127.9, 75.9, 75.8, 61.0, 60.8, 46.8, 46.8,
40.4, 40.2, 34.1, 31.3, 31.3, 25.8, 25.8, 23.1, 23.1, 21.9, 20.6,
20.6, 15.9, 15.8. HRMS: Calc. for C2sH3103 [M+H]": 379.2273,
Obser.: 379.2262.
5.4.24. Cyclohexyl 3-0x0-2,3-diphenylpropanoate (5d)
The title compound was obtained as colourless oil. The residue
O X O/O was purified by column chromatography in silica gel eluting with
O (5d) hexane: EtOAc (90:10), Ry = 0.60; Yield 88% (141 mg). 'H
NMR (500 MHz, CDCl;) 0 = 7.98-7.96 (m, 2H), 7.55-7.52 (m,
1H), 7.44-7.40 (m, 4H), 7.36 (t, J = 7.4 Hz, 2H), 7.30 (t, ] = 7.2
Hz, 1H), 5.57 (s, 1H), 4.87-4.82 (m, 1H), 1.83-1.73 (m, 3H),
1.63 (d, 1H), 1.49-1.42 (m,3H), 1.37-1.28 (m, 3H)."*C NMR
(125 MHz, CDCl3) 6 = 193.2, 168.1, 135.8, 133.3, 133.1, 129.5,

128.8, 128.7, 128.6, 127.9, 74.0, 60.8, 31.2, 31.1, 25.2, 23.3.
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HRMS: Calc. for C;H2303 [M+H]": 323.1647, Obser.:
323.1640.
5.4.25. Benzyl 3-oxo0-2,3-diphenylpropanoate(Se) [25]

The title compound was obtained as a white solid. M.p. 68-70 °C.
o o

O o/\© The residue was purified by column chromatography in silica gel
O (5e) eluting with hexane: EtOAc (90:10), Ry = 0.60; Yield 90% (148
mg). 'H NMR (500 MHz, CDCl3) 6 = 7.95 (dd, J = 8.3, 1.1 Hz,
2H), 7.53 (t, J = 7.4 Hz, 1H), 7.45-7.39 (m, 4H), 7.39-7.34 (m,
3H), 7.32 (m, 5H), 5.67 (s, 1H), 5.22 (s, 2H).1*C NMR (125
MHz, CDCl3) 6 = 193.0, 168.6, 135.5, 135.3, 133.4, 132.7, 129.5,
128.9, 128.8, 128.6, 128.4, 128.2, 128.1, 67.3, 60.5.
5.4.26. Methyl 3-oxo-2-phenylpentanoate (6) [22]
The title compound was obtained as colourless oil. The residue

Et-_0O

OMe was purified by column chromatography in silica gel eluting with

hexane: EtOAc (90:10), Ry = 0.60; Yield 81% (83 mg). '"H NMR

CXe)

(500 MHz, CDCl3) = 7.39-7.32 (m, 5H), 4.73 (s, 1H), 3.75 (s,
3H), 2.50 (qd, J = 7.2, 2.0 Hz, 2H), 1.02 (t, J = 7.2 Hz, 3H).1*C
NMR (125 MHz, CDCl3) J = 204.2, 169.0, 132.6, 129.3, 128.8,

128.2, 64.6, 52.5,34.9, 11.1, 7.7.
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5.4.27. N,N-Dimethyl-3-o0xo0-3-phenylpropanamide (8a) [26]

The title compound was obtained as colourless oil. The residue
O O

wwxc% was purified by column chromatography in silica gel eluting with
(8a) CHj

hexane: EtOAc (90:10), Ry = 0.60; Yield 80% (77 mg). "H NMR
(500 MHz, CDCl3) 6 = 8.02 (d, J = 7.7 Hz, 2H), 7.78 (dd, J = 7.8,
1.6 Hz, 1H), 7.58 (t, J = 7.4 Hz, 1H), 7.47 (dd, J = 15.0, 7.4 Hz,
2H), 7.44-7.38 (m, 1.7H), 5.79 (s, 0.5H), 4.11 (s, 2H), 3.07 (s,
2.5H), 3.05 (s, 3H), 3.00 (s, 3H)."*C NMR (125 MHz, CDCls) ¢
=193.8, 172.2, 166.9, 136.1, 135.0, 133.6, 130.5, 128.6, 128.6,
128.3, 125.8, 84.5, 46.0, 38.0, 35.5.
5.4.28. N,N-Dimethyl-3-0x0-3-(4-(trifluoromethyl)phenyl)propenamide (8b)

The title compound was obtained as colourless oil. The residue
o o

/QM N"“" was purified by column chromatography in silica gel eluting with
FsC (@) s

hexane: EtOAc (90:10), Ry = 0.60; Yield 82% (107 mg). 'H
NMR (500 MHz, CDCl3) 0 = 8.14 (d, ] = 8.2 Hz, 1H), 7.88 (d, J
= 8.2 Hz, 2H), 7.74 (d, J = 8.2 Hz, 1H), 7.66 (d, J = 8.3 Hz, 2H),
5.84 (s, 1H), 4.11 (s, 1H), 3.09 (s, 3H), 3.08 (s, 3H), 2.99 (s,
1.5H)."*C NMR (125 MHz, CDCl3) 6 = 193.0, 171.9, 169.5,

138.4, 132.1 (q, J =32.5 Hz), 129.1, 126.2, 125.7 (q, J = 3.75
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Hz), 125.5 (q, J = 3.75 Hz), 124.0 (q, J =270 Hz), 85.8,, 46.0,
38.0, 35.6.HRMS: Calc. for CioHi3F3NO; [M+H]": 260.0898,
Obser.: 260.0896.

5.4.29. 1,3-Diphenylpropane-1,3-dione(10a) [17b]

The title compound was obtained as a white solid. M.p. 77-78 °C.
0] 0]

O O The residue was purified by column chromatography in silica gel
(10a)

eluting with hexane: EtOAc (90:10), Ry = 0.60; Yield 95% (106
mg). keto enol isomers ratio 1:1. "H NMR (500 MHz, CDCI3) &
= 16.88 (s, 1H), 8.01-7.99 (m, 4H), 7.58-7.55 (m, 2H), 7.51-
7.48 (m, 4H), 6.87 (s, 1H).3C NMR (125 MHz, CDClL) ¢ =
185.7, 135.5, 132.4, 128.6, 127.1, 93.1.

5.4.30. 1-(4-methoxyphenyl)-3-Phenylpropane-1,3-dione(10b) [17b]

The title compound was obtained as a white solid. M.p. 127-128
o 0o

°C. The residue was purified by column chromatography in silica
(10b) OMe

gel eluting with hexane: EtOAc (90:10), Ry = 0.60; Yield 96%
(121 mg). keto enol isomers ratio 1:1. '"H NMR (500 MHz,
CDCls) 0 = 17.02 (s, 1H), 7.99-7.97 (m, 4H), 7.56-7.52 (m, 1H),
7.50 — 7.46 (m, 2H), 6.99-6.96 (m, 2H), 6.80 (s, 1H), 3.88 (s,

3H)."*C NMR (125 MHz, CDCl3) § = 186.1, 183.9, 163.2, 135.5,
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132.1, 129.2, 128.5, 128.1, 126.9, 113.9, 92.3, 55 4.
5.4.31. 1-(4-fluorophenyl)-3-Phenylpropane-1,3-dione(10c) [17b]
The title compound was obtained as a white solid. M.p. 78-79 °C.
O O The residue was purified by column chromatography in silica gel
1o ] eluting with hexane: EtOAc (90:10), Ry = 0.60; Yield 92% (111
mg); keto enol isomers ratio 1:1. 'H NMR (500 MHz, CDCI3) ¢
= 16.89 (s, 1H), 8.02—7.97 (m, 4H), 7.56 (dd, J = 8.3, 6.3 Hz,
1H), 7.49 (t, J = 7.5 Hz, 2H), 7.17 (dd, J = 12.0, 5.3 Hz, 2H), 6.80
(s, 1H)."®C NMR (125 MHz, CDCls) 6 = 185.0, 166.3, 164.3,
135.2,132.4,131.8 (d, J = 2.5 Hz), 129.5 (d, J = 8.75 Hz), 128.7,
128.6, 127.0, 115.7 (d, J = 25 Hz), 92.7.
5.5 General Procedure for Synthesis of (11) [3]]
To a round-bottom flask, 4a (76 mg, 0.30 mmol) was taken in ethanol (2 mL) to which
PhNHNH: (50 mg, 0.46 mmol) was added. The resulting mixture was allowed to stir for
12 hat 80 °C. Solvent was removed under vacuum to obtain the residue, which was
purified by silica gel column chromatography using DCM/ MeOH (v/v, 20:1) as the
eluent to give 11(1,3,4-triphenyl-1H-pyrazol-5-ol) as a white solid.
5.6 General Procedure for Synthesis of (12) [31]

To a round-bottom flask, 4a (76 mg, 0.30 mmol) was taken in ethanol (2 mL) to which
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hydroxylamine hydrochloride (65 mg, 1 mmol) was added. The mixture was refluxed at
80 °C for 12 h. Solvent was removed under vacuum to obtain the crude product, which
was purified by recrystallization to give 12 (mixture of 3,4-diphenylisoxazol-5(2H)-one
and 3,4-diphenylisoxazol-5(4H)-one) as a white solid.

5.6.1. 2,4,5-Triphenyl-1,2-dihydro-3H-pyrazol-3-one (11) [31]

The title compound was obtained as a white solid. M.p. 192.8-

0]
Ph\N\JjPh 194.1°C. The residue was purified by column chromatography in
N
H Ph silica gel eluting with hexane: EtOAc (90:10), Ry = 0.60; Yield
(11)

72% (113 mg). 'THNMR (500 MHz, CDCI3) § = 10.41 (s, 1H),
7.39-7.27 (m, 5H), 7.25-7.18 (m, 5H), 7.07 (d, J = 7.4 Hz, 1H),
7.02-6.98 (m, 2H), 6.93—-6.90 (m, 1H), 6.74 (d, J = 7.9 Hz,
1H).®C NMR (125 MHz, CDCl3) 6 = 155.2, 134.8, 134.8, 132.1,
130.6, 129.8, 129.4, 129.3, 128.7, 128.6, 128.4, 128.2, 127.9,
127.7,121.9, 121.3, 109.9, 109.7.

5.6.2. 3,4-Diphenylisoxazol-5(2H)-one (12) [31]

The title compound was obtained as a white solid. M.p. 159.8-

H. -0
)N\ezo 161.2 °C. The residue was purified by column chromatography in
\
Ph
Ph silica gel eluting with hexane: EtOAc (90:20), Ry = 0.60; Yield
(12)

75% (88 mg). "H NMR (500 MHz, DMSO) J = 7.55-7.52 (m,
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1H), 7.46 (dt, J = 8.5, 4.7 Hz, 4H), 7.31-7.27 (m, 4H), 7.24-7.20
(m, 1H)."3C NMR (125 MHz, CDCL) 6 = 170.5, 160.5, 130.9,

130.0, 129.0, 128.3, 128.1, 127.9, 127.7, 126.6, 96.1.
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5.7 Spectral Data of Few Products
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