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5.1 Introduction

Sulfones are an important class of organosulfur compounds used as precursors and
intermediates in organic synthesis [1, 2]. Sulfones have been named “chemical chameleons”
or “pluripotent” due to their versatile chemical properties and reactivity [3, 4]. Besides the
synthetic applications, sulfones have found applications in different fields, including
pharmaceuticals, agrochemicals, and functional materials [2, 5, 6]. Some of the biologically
relevant sulfones are shown in (Figure 5.1), which include the anti-cancer drug bicalutamide,
the antibiotic thiamphenicol, the herbicide cafestol, and polyethersulfone (PES), a

high-performance polymer [5, 7] (Figure 5.1A).
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B: Drug Candidates
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Figure 5.1 Biologically relevant sulfones.

Due to their high importance, considerable attention has been given to developing methods
for synthesizing sulfones. Sulfones are typically synthesized from sulfides via oxidation
reactions using various oxidants including peroxides [8]. Alternatively, Friedel-Crafts-type
reactions with sulfonyl chlorides have been used for the construction of aryl sulfones [9].
Besides these traditional methods, i) the reaction of sulfinic acid salts with carbon
electrophiles [10], ii) the addition of sulfonyl radicals to alkenes or alkynes [10], iii) fixation
of sulfur dioxide, etc., provides aryl, alkyl, and aryl-alkyl mixed sulfones [11]. Among these

methods, the synthesis of sulfones using sulfinic acid salts with different electrophilic
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carbons received considerable attention in organic chemistry [12-14]. This approach provides

high yields and selectivity over other methods.

a-Halohydroxamates are important precursors in organic synthesis [15-18]. The treatment of
a-halohydroxamates with base in fluorinated solvents provides azaoxyallyl cations, a
transient reactive species, which is used as intermediates for the [3+2]-Cycloaddition
reactions [19-21]. These reactions provide a wide variety of biologically relevant nitrogen-
containing heterocycles. Further, the insertion of different nucleophiles with azaoxyallyl
cations provides sterically hindered amines, sulfides, ethers, etc, under different reaction

conditions [22-26] (Scheme 5.1).

Scheme 5.1. Applications of a-halohydroxamates
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In this context, the synthesis of sulfones from a-halohydroxamates and sulfinic acid salts has
not been investigated. Nevertheless, developing such methods may provide quick access to
sterically hindered sulfones in good yields under mild reactions. It is worth noting that such
sterically hindered sulfones found applications as antichlamydial agents and Matrix
metalloproteinase inhibitors [27, 28] (Figure 5.1 B). In this regard, we investigated the

synthesis of sulfones from a-halohydroxamates and sodium sulfinate (Scheme 5.2).
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Scheme 5.2. Synthesis of sulfones from a-halohydroxamates

5.2 Results and Discussion

At the outset, the a-halo hydroxamate 1a and sodium benzenesulfinate 2a were chosen as the
model substrates for the optimization study. The reaction was performed in different solvents
at room temperature in the presence of different bases. Conventional solvents like DMF,
DMSO, and acetonitrile failed to provide the desired sulfone 3a after 24h using sodium
carbonate as the base. Further, the optimization was investigated using fluorinated solvents

like trifluorotoluene (TFT), hexafluoroisopropanol (HFIP), and 2,2,2-trifluoroethanol (TFE).
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Table 5.1. Optimization table

(0]
_OBn
o SO,Na N
%)LN’OBn Base 0=5=0
gr H ¥ Solvent @
1a 2a 3a: 85%

Entry Solvent Base Time (h) Yield (%)®
1 DMF Na.COs 24 NA
2 DMSO Na,COs 24 NA
3 CHsCN Na,COs; 24 NA
4 PhCF; Na,COs 1 58
5 PhCF; Cs2CO3 1 45
6 PhCF; NaOAc 1 12
7 TFE Na.CO3 1 65
8 HFIP Na.COs 1 85
9 HFIP NaOAc 1 66

10 HFIP Cs2CO3 1 78
11 HFIP K2CO3 1 73
12 HFIP t-BuOK 1 68
13 HFIP EtsN 1 80
14 HFIP DBU 1 81
15 HFIP DIEA 1 78

aReaction conditions: substrate 1a (100 mg, 0.36 mmol), 2a (0.44 mmol) and sodium carbonate
(0.73 mmol) were stirred in appropriate solvents (2 mL) for 0.5 h to 2 h at room temperature.
Psolated yields.

To our delight, the reaction in trifluorotoluene in the presence of sodium carbonate (Na2CQOz)
gave the desired product in 58% vyield in one hour. However, low yields were observed with
Cs2CO3 and NaOAc bases. Later, the reaction was investigated using 2,2,2-trifluoroethanol

as a solvent in the presence of Na>COz. This reaction gave the desired product in 3a in 65%
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yield in 1 h. On the other hand, the reaction in HFIP in the presence of Na>COz gave the
desired product 3a in 85% yield in one hour. Later, the reaction condition was optimized
using different organic and inorganic bases. However, Na,CO3z was found to be the best
among all in terms of reaction yields. Overall, the optimization study reveals that a
combination of HFIP-Na,CO3z would be suitable for the preparation of sterically hindered

sulfones in good yields.

After the establishment of optimized conditions, the substrate scope was investigated using
different aryl sulfonates and a-halo hydroxamates. Initially, a-halo hydroxamates bearing
various hydroxylamine moieties were investigated for sulfone synthesis using sodium
benzenesulfinate in HFIP solvent in the presence of sodium carbonate. N-methoxy, ethoxy,
and benzyl protected a-halo hydroxamates were successfully coupled with sodium
benzenesulfinate in good to excellent yields within 1-2 hours. Acid-sensitive tert-butyl group
and electron donating and withdrawing groups functionalized benzyl groups on a-halo
hydroxamates gave the products similar yields, indicating the versatile nature of the

developed methodology.
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Table 5.2: Substrate scope- a-halo hydroxamates.2?

(o]
_OR
N

0 SO,Na o=s=o !
A')kN,OR .\ Na,COj3 (2 equiv.)
H HFIP (2 mL), RT
0.5-2h
1b-1f 2a 3b-3f

0 o fo} \/©/0Me
LOM .0 J<

%)LH e %)L” \/\o %)LN’O

0=S8=0 0=S=0 o=s=o !

QO O

3b, 60% 3¢, 65% 3d, 64%
cl
o NO,
o o)
N n° cl
0=$=0
o=s=o !

3e, 60% 3f, 63%

@Reaction condition: substrate 1a (100 mg, 0.36 mmol), 2a (0.44 mmol) and sodium carbonate (0.73
mmol) were stirred in appropriate solvents (2 mL) for 0.5 h to 2 h at room temperature. Plsolated
yields.

After investigating the scope of various a-halo hydroxamates, we studied the reactivity of
various arylsulfinate salts in the preparation of aryl sulfones. Initially, the reaction of methyl
and chloro-substituted sodium arylsulfinate salts with N-methoxy and N-benzyloxy
functionalized a-bromo hydroxamates was attempted. To our delight, these reactions gave

the desired products in good to excellent yields in a short span of time. Further, different N-
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benzyloxy functionalized a-bromo hydroxamates were successfully coupled with methyl and

chloro-substituted sodium arylsulfinate salts under optimized conditions.

Table 5.3: Substrate scope a-halo hydroxamates and arylsulfinate salts

o SO,Na 0=S=0

%)LN,OR . Na,COj (2 equiv.)
Br N HFIP (2 mL), RT

1 2 0-5-2h 4a-4j
0 o) o) J<
%)LN,OBn %)LN,OMe %)LN’O\/\O
o=s=o " o=s=o " o=s=o "
R R R
4a, R= Me, 95% 4c, R= Me, 81% 4e, R= Me, 62%
4b, R=Cl, 95% 4d, R= CI, 75% 4f, R=Cl, 58%
cl
o NO, o OMe
'O\/©/ o\/©/ i
N N nN° cl
0=S=0 0=S=0
o=s=o "
: R (o]
— .
4g, R= Me, 58% bl 4K, 42%
4h, R=CI, 83% ), RELL 9%

@Reaction conditions: substrate 1a (100 mg, 0.36 mmol), 2 (0.44 mmol) and sodium carbonate (0.73

mmol) were stirred in appropriate solvents (2 mL) for 0.5 h to 2 h at room temperature. Plsolated
yields.
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After the investigation of substrate scope, we attempted the gram scale reaction with model
substrates. This reaction gave the desired product in 78% vyield, indicating the suitability of

the method for scale-up reactions (Scheme 5.3).

o
_OBn
o SO,Na
o=s=o "
%)LN,OBn Na,COs (2 eq.)
. _
gr N HFIP (15 ml) @
1a 2a
19 724 mg 955 mg
3.67 mmol 4.41 mmol 3a: 78%

Scheme 5.3 Gram-scale synthesis.

5.3 Plausible Reaction Mechanism

The proposed mechanism of the reaction is shown in [15, 16] (Scheme 5.4). The a-bromo
hydroxamates undergo HBr elimination in the presence of sodium carbonate due to the
strong acetic character of HFIP. The resulting aza-oxy allyl cation is stabilized by HFIP
through ion-pair effect. Further, sodium sulfinate reacts with carbocation to yield the desired
sulfones, not O-alkylating product. Because, the nucleophilicity of sulfur is greater than that
of oxygen due to the higher electronegativity of the oxygen atom in arylsulfinates. This
might be explanation for obtaining the S-alkylation product. Nevertheless, we do not have

any spectroscopic evidence.
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Scheme 5.4 Plausible reaction mechanism.

5.4 Conclusions

Synthesis of sterically hindered sulfones was obtained from a-halohydroxamates and sulfinic
acid sodium salts under mild conditions. The reaction proceeds at room temperature in the
presence of sodium carbonate and HFIP. The desired products were obtained in excellent

yields.

5.5 Experimental Procedure for Synthesis of a-Arylsulfone Propanamides

To a stirred solution of halohydroxamates (1.0 equiv.) in HFIP (hexafluoroisopropanol) in an

oven-dried round-bottomed flask, 1.2 equivalents of sodium sulfinates were added.
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Subsequently, 2.0 equivalents of sodium carbonate were introduced as the base. The reaction
mixture was allowed to stir at room temperature for one hour. After completion, the reaction
mixture was diluted with ethyl acetate and washed with water. The organic layer was dried
over sodium sulfate, filtered, and evaporated. Purification was carried out via column

chromatography (SiOz, 3:1, hexane: EtOAC).
5.6 Analytical Data

5.6.1 N-(benzyloxy)-2-methyl-2-(phenylsulfonyl)propanamide (3a):

3a

The title of the compound is obtained as a reddish liquid using the general procedure. *H
NMR (400 MHz, CDCls) § 9.51 (s, 1H), 7.85-7.76 (m, 2H), 7.67 (t, J = 7.5 Hz, 1H), 7.54 (t,
J = 7.8 Hz, 2H), 7.45-7.30 (m, 5H), 4.94 (s, 2H), 1.52 (s, 6H). 3C NMR (101 MHz, CDCls)
5 13C NMR (101 MHz, CDCls) & 165.88, 134.83, 134.51, 134.47, 129.98, 129.28, 129.14,
128.91, 128.61, 78.31, 67.91, 20.69. HRMS (ESI): m/z [M + H]" calcd for : C17H20NO4S:

334.1113; found: 334.1110.
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5.6.2 N-methoxy-2-methyl-2-(phenylsulfonyl)propenamide (3b):

The title of the compound is obtained as a reddish liquid using the general procedure. *H
NMR (400 MHz, CDCls) & 10.06 (s, 1H), 7.73 (m, 3H), 7.33 (d, J = 8.0 Hz, 2H), 3.89 (s,
3H), 1.55 (s, 6H). 1*C NMR (101 MHz, CDCls3) § 165.05, 145.74, 131.77, 130.39, 129.87,

77.71, 64.4, 20.8. HRMS (ESI): m/z [M + H]" calcd for : C11H1sNO4S: 258.0800; found:

258.0780.

5.6.3 N-(2-(tert-butoxy)ethoxy)-2-methyl-2-(phenylsulfonyl)propenamide (3c):

(o) J<

o=s=o "

3c

The title of the compound is obtained as a reddish liquid using the general procedure. *H

NMR (400 MHz, CDCl3) § 10.06 (s, 1H), 7.73 (d, J = 4.0 Hz, 2H), 7.33 (m, 3H), 4.05 (t, J =
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8 Hz, 2H), 3.66 (t, J = 4Hz, 2H), 1.55 (s, 6H), 1.27 (s, 9H). 3C NMR (101 MHz, CDCls) &
165.05, 145.74, 131.77, 130.39, 129.87, 75.82, 74.04, 67.74, 61.54, 27.55, 20.62. HRMS

(ESI): m/z [M + H]" calcd for : C16H26NOsS: 344.1532; found: 344.1540.

5.6.4 N-((4-methoxybenzyl)oxy)-2-methyl-2-(phenylsulfonyl)propenamide (3d):

3d

The title of the compound is obtained as a reddish liquid using the general procedure. *H
NMR (400 MHz, CDCls) & 9.51 (s, 1H), 7.85-7.76 (m, 2H), 7.67 (t, J = 7.5 Hz, 1H), 7.54 (t,
J = 7.8 Hz, 2H), 7.45-7.30 (m, 4H), 4.94 (s, 2H), 3.85 (s, 3H), 1.52 (s, 6H). 3C NMR (101
MHz, CDClz) 6 165.88, 145.67, 134.8, 134.4, 129.9, 129.2, 128.9, 128.6, 115.78, 78.3, 70.9,

58.8, 20.6. HRMS (ESI): m/z [M + H]* calcd for : C1gH22NOsS: 364.1219; found: 364.1210.

5.6.5 2-methyl-N-((4-nitrobenzyl)oxy)-2-(phenylsulfonyl)propanamide (3e):
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3e

The title of the compound is obtained as a reddish liquid using the general procedure. *H
NMR (400 MHz, CDCl3) 6 9.70 (s, 1H), 8.23 (d, J = 8.7 Hz, 2H), 7.81 (dd, J = 8.4, 1.2 Hz,
2H), 7.70 (t, J = 7.5 Hz, 1H), 7.63 — 7.55 (m, 4H), 5.03 (s, 2H), 1.52 (s, 6H). 3C NMR (101
MHz, CDCl3) 6 166.60, 148.23, 142.24, 134.87, 134.37, 130.15, 129.73, 129.37, 123.89,
77.06, 68.18, 20.95. HRMS (ESI): m/z [M + H]" calcd for : C17H19N206S: 379.0964; found:
379.0950.

5.6.6 N-((3,5-dichlorobenzyl)oxy)-2-methyl-2-(phenylsulfonyl)propenamide (3f):

3f

The title of the compound is obtained as a reddish liquid using the general procedure. *H
NMR (400 MHz, CDCls) & 9.60 (s, 1H), 7.81 (dd, J = 8.4, 1.2 Hz, 2H), 7.69 (t, J = 8.0 Hz,
1H), 7.56 (t, J = 7.8 Hz, 2H), 7.48-7.42 (m, 2H), 7.35-7.27 (m, 1H), 5.04 (s, 2H), 1.54 (s,
6H). 3C NMR (101 MHz, CDCls) 6 166.48, 135.54, 135.24, 134.49, 132.26, 131.54, 130.13,
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129.63, 129.37, 74.69, 68.15, 20.89. HRMS (ESI): m/z [M + H]" calcd for : C17H18CI2NO4S:
402.0334; found: 402.0333.

5.6.7 N-(benzyloxy)-2-methyl-2-tosylpropanamide (4a):

4a

The title of the compound is obtained as a reddish liquid using the general procedure. 'H
NMR (400 MHz, CDCl3) & 9.51 (s, 1H), 7.85-7.76 (m, 2H), 7.54 (d, J = 7.8 Hz, 2H), 7.45-
7.30 (m, 5H), 4.94 (s, 2H), 2.43 (s, 3H), 1.52 (s, 6H). 3C NMR (101 MHz, CDCl3) & 165.88,
134.8, 134.4, 131.5, 129.9, 129.2, 128.9, 128.6, 127.8, 78.3, 67.9, 21.3, 20.6. HRMS (ESI):

m/z [M + H]" calcd for : C1sH22NO4S: 348.1270; found: 348.1250.

5.6.8 N-(benzyloxy)-2-((4-chlorophenyl)sulfonyl)-2-methylpropanamide (4b):
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The title of the compound is obtained as a reddish liquid using the general procedure. 'H
NMR (400 MHz, CDCls) & 9.51 (s, 1H), 7.67 (d, J = 7.5 Hz, 2H), 7.54 (d, J = 7.8 Hz, 2H),
7.45-7.30 (m, 5H), 4.94 (s, 2H), 1.52 (s, 6H). 13C NMR (101 MHz, CDCls) & 165.88, 135.7,
134.8, 134.4, 129.9, 129.2, 128.9, 128.6, 127.5 78.3, 67.9, 20.6. HRMS (ESI): m/z [M + H]*

calcd for : C17H19CINQO4S: 368.0723; found: 368.0700.

5.6.9 N-methoxy-2-methyl-2-tosylpropanamide (4c):

4c

The title of the compound is obtained as a reddish liquid using the general procedure. ‘H

NMR (400 MHz, CDCls) & 10.06 (s, 1H), 7.73 (d, J = 4.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H),

Department of Chemistry, IIT (BHU), VARANASI. Page 155



Chapter-5

3.89 (s, 3H), 2.33 (s, 3H), 1.55 (s, 6H). 3C NMR (101 MHz, CDCls) § 165.05, 145.74,
131.77, 130.39, 129.87, 76.54, 64.4, 21.54, 20.8. HRMS (ESI): m/z [M + H]* calcd for :

C12H18NO4S: 272.0957; found: 272.0960.

5.6.10 2-((4-chlorophenyl)sulfonyl)-N-methoxy-2-methylpropanamide (4d):

Cl

4d

The title of the compound is obtained as a reddish liquid using the general procedure. 'H
NMR (400 MHz, CDCls) & 10.06 (s, 1H), 7.73 (d, J = 4.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H),
3.85 (s, 3H), 1.55 (s, 6H). 3C NMR (101 MHz, CDCls) & 165.05, 145.74, 131.77, 130.39,

129.87, 76.45, 64.63 20.8. HRMS (ESI): m/z [M + H]* calcd for : C11H1sCINO4S: 292.0410;

found: 292.0402.

5.6.11 N-(2-(tert-butoxy)ethoxy)-2-methyl-2-tosylpropanamide (4e):
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(o) )<

0=S=0 H

4e

The title of the compound is obtained as a reddish liquid using the general procedure. ‘H
NMR (400 MHz, CDCls) § 10.06 (s, 1H), 7.73 (d, J = 4.0 Hz, 2H), 7.33 (m, 2H), 4.05 (t, J =
8 Hz, 2H), 3.66 (t, J = 4Hz, 2H), 2.81 (s, 3H), 1.55 (s, 6H), 1.27 (s, 9H). 13C NMR (101
MHz, CDCls) 6 165.05, 145.74, 131.77, 130.39, 129.87, 75.82, 74.04, 67.74, 61.54, 27.55,
21.3, 20.62. HRMS (ESI): m/z [M + H]* calcd for : Ci17H2sNOsS: 358.1688; found:

358.1687.

5.6.12 N-(2-(tert-butoxy)ethoxy)-2-((4-chlorophenyl)sulfonyl)-2-methylpropanamide

(41):

4f
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The title of the compound is obtained as a reddish liquid using the general procedure. 'H
NMR (400 MHz, CDCls) 6 10.06 (s, 1H), 7.73 (d, J = 4.0 Hz, 2H), 7.33 (m, 2H), 4.05 (t, J =
8 Hz, 2H), 3.66 (t, J = 4Hz, 2H), 1.55 (s, 6H), 1.27 (s, 9H). 13C NMR (101 MHz, CDCls) &
165.05, 145.74, 131.77, 130.39, 129.87, 75.82, 74.04, 67.74, 61.54, 27.55, 20.62. HRMS

(ESI): m/z [M + H]" calcd for : C16H25CINOsS: 378.1142; found: 378.1140.

5.6.13 2-methyl-N-((4-nitrobenzyl)oxy)-2-tosylpropanamide (49):

NO
fo) 2
%)L .0

0=S8=0

49
The title of the compound is obtained as a reddish liquid using the general procedure. *H
NMR (400 MHz, CDCls) 6 9.70 (s, 1H), 8.23 (d, J = 8.7 Hz, 2H), 7.81 (dd, J = 8.4, 1.2 Hz,
2H), 7.70 (t, J = 7.5 Hz, 1H), 7.63-7.55 (m, 3H), 5.03 (s, 2H), 2.41 (s, 3H), 1.52 (s, 6H). 13C
NMR (101 MHz, CDCIs) ¢ 166.60, 148.23, 142.24, 134.87, 134.37, 130.15, 129.73, 129.37,

123.89, 77.06, 68.18, 21.4, 20.95. HRMS (ESI): m/z [M + H]* calcd for : CigH21N206S:
393.1120; found: 393.1119.

5.6.14 2-((4-chlorophenyl)sulfonyl)-2-methyl-N-((4-nitrobenzyl)oxy)propanamide (4h):
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NO
fo) 2
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Iz

cl
4h

The title of the compound is obtained as a reddish liquid using the general procedure. *H
NMR (400 MHz, CDCl3) 6 9.70 (s, 1H), 8.23 (d, J = 8.7 Hz, 2H), 7.81 (dd, J = 8.4, 1.2 Hz,
2H), 7.70 (t, J = 7.5 Hz, 1H), 7.63-7.55 (m, 3H), 5.03 (s, 2H), 1.52 (s, 6H). 13C NMR (101
MHz, CDCl3) 6 166.60, 148.23, 142.24, 134.87, 134.37, 130.15, 129.73, 129.37, 123.89,
77.06, 68.18, 20.95. HRMS (ESI): m/z [M + H]" calcd for : C17H18CIN2O6S: 413.0574;
found: 413.0570.

5.6.15 N-((4-methoxybenzyl)oxy)-2-methyl-2-tosylpropanamide (4i):

4i

The title of the compound is obtained as a reddish liquid using the general procedure. 'H
NMR (400 MHz, CDClIs) 6 9.51 (s, 1H), 7.85-7.76 (m, 2H), 7.54 (t, J = 7.8 Hz, 2H), 7.45-

7.30 (M, 4H), 4.94 (s, 2H), 3.85 (s, 3H), 2.40 (s, 3H), 1.52 (s, 6H). 3C NMR (101 MHz,
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CDCls) 6 165.88, 134.8, 134.4, 129.9, 129.2, 128.9, 128.6, 78.3, 76.5, 67.9, 58.8, 21.3, 21.2,

20.6. HRMS (ESI): m/z [M + H]" calcd for : C19H24NOsS: 378.1375; found: 378.1350.

5.6.16  2-((4-chlorophenyl)sulfonyl)-N-((4-methoxybenzyl)oxy)-2-methylpropanamide
(4j):

ClI
4j
The title of the compound is obtained as a reddish liquid using the general procedure. *H
NMR (400 MHz, CDCl3) & 9.51 (s, 1H), 7.85-7.76 (m, 2H), 7.67 (t, J = 7.5 Hz, 2H), 7.45-
7.30 (m, 4H), 4.94 (s, 2H), 3.85 (s, 3H), 1.52 (s, 6H). 13C NMR (101 MHz, CDCls) 5 165.8,
140.7, 134.8, 134.4, 129.9, 129.2, 128.9, 128.6, 127.4, 78.3, 67.9, 58.8, 20.6. HRMS (ESI):

m/z [M + H]" calcd for : C1sH2:CINOsS: 398.0829; found: 398.0830.

5.6.17 2-((4-chlorophenyl)sulfonyl)-N-((3,5-dichlorobenzyl)oxy)-2-methylpropanamide
(4k):
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Cl
4k

The title of the compound is obtained as a reddish liquid using the general procedure. *H
NMR (400 MHz, CDCls) & 9.60 (s, 1H), 7.81 (dd, J = 8.4, 1.2 Hz, 2H), 7.56 (t, J = 7.8 Hz,
2H), 7.48-7.42 (m, 2H), 7.35-7.27 (m, 1H), 5.04 (s, 2H), 1.54 (s, 6H). 3C NMR (101 MHz,
CDClIs) 0 166.48, 135.54, 134.79, 134.49, 131.54, 130.13, 129.63, 129.37, 127.47, 74.69,
68.15, 20.89. HRMS (ESI): m/z [M + H]" calcd for : Ci7H17CIsNO4S: 435.9944; found:
435.9940.

5.7 Spectra of Few Synthesized Compounds

Department of Chemistry, IIT (BHU), VARANASI. Page 161



Chapter-5

4,941
1524

3a
TH NMR (CDCl3, 500 MHz)

o
| |
[ B JMKL S L _ _J |
e g .
1

Figure
, ! H
10.5 10.0 9. .| B . 2 4 . X .F1 (ppm‘) . 3 E . . 5 .5 1.0 0.5 0.0 N M R

o1
N
1001

W
w
=
@
w
@
o
~
w
~
5
@
w
o
o
v |
n
w
o
IS
n
S
o
w
n
w
o
[N
0
N
o

~ SNERIBN
~ 1= ~ = - Dol v b4
@ whEadI@s 278238 2
I SYYSgonG An85 & S
E: LEEEEE R ERRRG &
| T e e |

_OBn

0=8=0

3a
13C NMR (CDCl;, 125 MHz)

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

Figure 5.3 13C NMR Spectra of product 3a in CDCls
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