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ABSTRACT

A steric and intramolecular hydrogen bonding controlled substrates has been successfully etherified
towards sonication assisted Mitsunobu reaction. This modified alcohol-alcohol coupling reaction of
2-hydroxyacetophenone, substituted 2-hydroxyecetophenone, benzophenone and substituted
benzophenones with (2R,4R)-pentanediol was found to be substrate electronic restraint.
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I. INTRODUCTION

Asymmetric reduction of prochiral carbonyls is among the most widely methods in assessing chiral
substrates, amenable simply over substrates or hydrate types. Established Noyori method, a ruthenium based
nobel price carbonyl reduction [1]-[3] and Corey-Bakhsi-Shibata (CBS) [4]-[6] method prove to perform
high stereoselectivity carbonyl reduction producing in excellent yield and high %ee of chiral alcohols.
However, they are chiral catalyst demanding processes.

Chiral alcohols could also be accessed through intramolecular Aldol [7], Aldol-Tishchenko [8] and
Meerwein-Pondorf-Verley (MPV) reduction [9]. These hydrides transfer processes known to be a high
chemoselective and inexpensive method. Interestingly recent Thai’s intramolecular MPV modification
demonstrated high diasetereoselective alcohol access ((2) and (4)) simply over introduction of an optically
active ether ((1) and (3) respectively) [10] as the hydride source (Figure 1).
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Figure 1 The Thai intramolecular
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Inspired by Thai, a biologically active diaromatic hydroxyl ketone (5) could allegedly be accessed over
Thai’s modified MPV of (7) becoming enantiopure (6) (Figure 2). The reason was due to similar phenoxy
ketone system of (7) to that of Tai’s substrate. Therefore, a simple synthesis of rarely synthesised (5) could
then be generated.
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Figure 2 Retrosynthesis of (5)

This manuscript discusses preliminary attempts of synthesising chiral ether (7) towards a model in order to
prepare (5). 2-hydroxyacetophenone and hydroxybenzophenone has been used as the model of (7) in
undergoing Mitsunobu etherification with chiral diols. Getting successful conditions of the model could then
be employed for (7).

I1. EXPERIMENTAL SECTION
2.1 Materials

All chemicals used purely and purchased from Sigma Aldrich, TCI and AlfaAesar. Solvents used were
dried.

Instrumentation

Sonication reactions were done using 60 Hz Decon FS 100b sonicator. Proton and 13-carbon magnetic
resonance used 300 MHz Bruker Avance BVT3200 spectrometer and 400 MHz Jeol JNM ECS400
spectrometer, respectively. Infra-red analysis used Varian 800 FT-IR Scimitar Series spectrometer scanning
and Micromass LCT Premier Mass Spectrometer in Electron Spray (ES) mode were used for mass analysis.

2.2 Procedure
Synthesis 2-propoxyacetophenone (9)

To around bottom flask was added sequentially 2-hydroxyacetophenone (0.68 g, 5 mmol), DEAD (0.87 g,
5 mmol), Sodium benzoate (0.71 g, 5 mmol) in THF (20 mL) while into other flask was added solution of 1-
propanol (0.3 g, 5 mmol), Ph3P (1.31 g, 5 mmol) and THF (5 mL). into flask one then added solution from
flask two through syringe. The solution was stirred for 4 d. solvent was removed under pressure to give oil
residue. The crude product then purified through column chromatography under elution of petrol 40/60 :
methanol : ethylacetate = 200 : 3 : 1 to give colourless oil (0.53 g, 60%). Rf = 0.39; 1H-NMR (300
MHz,CDCI3): 7.65 (dd, J = 7.6, 1.2 Hz, 1H), 7.36-7.31 (m, 1H), 6.89-6.82 (m, 2H), 3.92 (t, J = 6.4 Hz, 2H),
1.84-1.72 (m, 2H), 0.99 (t, J = 7.4 Hz, 3H); 13C-NMR (100 MHz, CDCI3): 10.8, 22.5, 32.1, 70.0, 112.2,
120.4,128.2, 130.4, 133.6, 158.5, 199.9; IR (neat, cm-1): 2968.7, 2879.9, 1665.5; HRMS (MH+): 179.1065.
Synthesis (1°S,3’R)-2-(3-Hydroxy-1 -methylbutoxy)acetophenone (10)

To a round bottom flask was added sequentially 2-hydroxyacetophenone (69 mg, 0.51 mmol), (2R,4R)-
pentanediol (56 mg, 0.54 mmol), Ph3P (141 mg, 5 mmol) and THF (0.2 mL). The mixture then sonicated for
15 min. while sonicating, DEAD (94 mg, 0.54 mmol), was added into flask the solution through syringe. The
solution was stirred for 10 min at 42 oC. The solution was triturated with cool petrol and purified through
column chromatography using petrol 40/60 : ethylacetate = 1 : 5 to give colourless oil (72 mg, 64%). Rf =
0.67; 1H-NMR (300 MHz,CDCI3): 7.63 (dd, J = 7.7 1.8 Hz, 1H), 7.40-7.33 (m, 1H), 6.96-6.92 (m, 1H),
6.89 (dd, J=7.7, 1.8 Hz, 1H), 4.73-4.62 (m, 1H), 4.00- 3.90 (m, 1H), 2.95 (s, 1H), 2.53 (s, 3H), 1.97 (ddd, J
= 14.3, 8.9, 7.4 Hz, 1H), 1.66 (ddd, J= 14.3, 8.9,7.4 Hz, 1H), 1.30 (d, J = 6.0 Hz, 3H), 1.18 (d, J = 6.2 Hz,
3H); 13C-NMR (100 MHz, CDCI3): 19.7, 24.1, 31.4, 45.5, 66.2, 73.2, 113.4, 120.4, 129.0, 130.7, 133.5,
156.6, 199.9; IR (neat, cm-1): 3429.8, 2973.1, 2932.5, 1719.8; HRMS (MH+): 223.1329.
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Synthesis (1'S,3'R)-2-(3 -Hydroxy-1 -methylbutoxy)-4-methoxyacetophenone (15)

To a round bottom flask was added sequentially 2-hydroxy-4-methoxyacetophenone (85 mg, 0.51 mmol),
(2R,4R)-pentanediol (56 mg, 0.54 mmol), Ph3P (141 mg, 5 mmol) and THF (0.2 mL). The mixture then
sonicated for 15 min. While sonicating, DEAD (94 mg, 0.54 mmol), was added into flask the solution
through syringe. The solution was stirred for 25 min at 42 oC. The solution was triturated with cool petrol
and purified through column chromatography using petrol 40/60 : ethylacetate = 1 : 5 to give colourless oil
(22 mg, 17%). Rf = 0.60; 1H-NMR (300 MHz,CDCI3): 7.72 (dd, J = 8.6 1.8 Hz, 1H), 6.46 (dd, J = 5.5, 2.3
Hz, 1H), 4.74-4.63 (m, 1H), 4.04- 3.94 (m, 1H), 3.78 (s, 3H), 2.49 (s, 3H), 2.97 (s, 1H), 1.98 (ddd, J = 14.3,
8.9,7.4 Hz, 1H), 1.69 (ddd, J = 14.3, 8.9, 7.4 Hz, 1H), 1.32 (d, J = 6.2 Hz, 3H), 1.18 (d, J = 6.2 Hz, 3H); 13C-
NMR (100 MHz, CDCI3): 19.7, 31.3, 45.5, 66.1, 73.3, 100.2, 105.0, 121.7, 130.7, 133.0, 158.8, 164.4, 199.4;
IR (neat, cm-1): 3423.6, 2971.7, 2933.3, 1724.8; HRMS (MH+): 253.1437.

Synthesis (1°S,3'R)-2-(3 -Hydroxy-1 -methylbutoxy)-5-nitroacetophenone (16)

To a round bottom flask was added sequentially 2-hydroxy-5-nitroacetophenone (92 mg, 0.51 mmol),
(2R,4R)-pentanediol (56 mg, 0.54 mmol), Ph3P (141 mg, 5 mmol) and THF (0.2 mL). The mixture then
sonicated for 15 min. While sonicating, DEAD (94 mg, 0.54 mmol), was added into flask the solution
through syringe. The solution was stirred for 5 min at 42 oC. The solution was triturated with cool petrol and
purified through column chromatography using petrol 40/60 : ethylacetate = 1 : 5 to give yellow oil (71 mg,
52%). Rf = 0.55; 1H-NMR (300 MHz,CDCI3): 8.53 (d, J = 2.9 Hz, 1H), 8.25 (dd, J = 9.2, 2.9 Hz, 1H),7.10
(d, J =9.2 Hz, 1H), 4.88-4.78 (m, 1H), 3.99- 3.88 (m, 1H), 2.987 (s, 1H), 2.57 (s, 3H), 2.00 (ddd, J = 14.3,
8.9,7.4 Hz, 1H), 1.68 (ddd, J = 14.3, 8.9, 7.4 Hz, 1H), 1.40 (d, J = 6.0 Hz, 3H), 1.21 (d, J = 6.2 Hz, 3H); 13C-
NMR (100 MHz, CDCI3): 19.6, 24.5, 31.4, 44.9, 65.5, 74.3, 113.5, 126.7, 128.5, 128.7, 140.6, 161.3, 197.4;
IR (neat, cm-1): 3424.5, 2972.7, 2931.4, 1680.2; HRMS (MH+): 268.1182.

Synthesis (1°S,3'R)-2-(3 -Hydroxy-1 -methylbutoxy)benzophenone (17)

To a round bottom flask was added sequentially 2-hydroxybenzophenone (101 mg, 0.51 mmol), (2R,4R)-
pentanediol (56 mg, 0.54 mmol), Ph3P (141 mg, 5 mmol) and THF (0.2 mL). The mixture then sonicated for
15 min. While sonicating, DEAD (94 mg, 0.54 mmol), was added into flask the solution through syringe.
The solution was stirred for 2 h at 42 oC. The solution was triturated with cool petrol and purified through
column chromatography using petrol 40/60 : ethylacetate = 1 : 5 to give colourless oil (8 mg, 6%). Rf =0.62;
1H-NMR (300 MHz,CDCI3): 7.74-7.72 (m, 2H), 7.52-7.46 (m, 1H), 7.42-7.29 (m, 4H), 6.97- 6.92 (m, 2H),
4.58-4.48 (m, 1H), 3.82-3.72 (m, 1H), 2.90 (s, 1H), 1.58 (ddd, J = 14.3, 8.9,7.4 Hz, 1H), 1.48 (ddd, J = 14.3,
8.9, 7.4 Hz, 1H), 1.14 (d, J = 6.2 Hz, 3H), 1.06 (d, J = 6.2 Hz, 3H); 13C-NMR (100 MHz, CDCI3): 19.5,
23.8,45.4,66.4, 73.9, 113.7, 120.2, 128.2, 129.9, 130.5, 132.1, 132.8, 138.1, 155.5, 196.4; IR (neat, cm-1):
3475.2,2973.4, 2932.7, 1657.0; HRMS (MH+): 285.1488.

Synthesis (1'S,3 'R)-2-(3 -Hydroxy- 1 -methylbutoxy)-4-methoxybenzophenone (18)

To a round bottom flask was added sequentially 2-hydroxy-4-methoxybenzophenone (116 mg, 0.51
mmol), (2R,4R)-pentanediol (56 mg, 0.54 mmol), Ph3P (141 mg, 5 mmol) and THF (0.2 mL). The mixture
then sonicated for 15 min. While sonicating, DEAD (94 mg, 0.54 mmol), was added into flask the solution
through syringe. The solution was stirred for 5 h at 42 oC. The solution was triturated with cool petrol and
purified through column chromatography using petrol 40/60 : ethylacetate = 1 : 5 to give colourless oil (14
mg, 8%). Rf = 0.68; 1H-NMR (300 MHz,CDCI3): 7.70-7.68 (m, 2H), 7.50-7.44 (m, 1H), 7.37-7.32 (m, 3H),
6.47 (d,J=9.3, 2.1 Hz, 1H), 6.44 (d, J = 9.3, 2.1 Hz, 1H), 4.54-4.44 (m, 1H), 4.54-4.10 (m, 1H), 2.88 (s,
1H), 1.51 (ddd, J = 14.3, 8.9,7.4 Hz, 1H), 1.47 (ddd, J = 14.3, 8.9, 7.4 Hz, 1H), 1.17 (d, J = 6.2 Hz, 3H), 1.08
(d, J = 6.2 Hz, 3H); 13C-NMR (100 MHz, CDCI3): 19.6, 24.1, 45.8, 55.9, 66.5, 74.3, 100.8, 104.7, 121.7,
128.4, 130.0, 132.6, 133.4, 139.7, 158.4, 163.8, 195.7; IR (neat, cm-1): 3459.1, 2980.7, 1648.7; HRMS
(MH+): 315.1593.

I1l. RESULTS AND DISCUSSION

3.1 Reaction Optimisation
Examination of Mitsunobu etherification over substrates
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Among those etherification methods, we employed Mitsunobu which is the most considerable alcohol-
alcohol coupling reaction especially in the case of low pKa alcohols, secondary or tertiary alcohols [11],
including stereoselectivity consideration.

In order to test Mitsunobu reliability over our substrates, (8) was initially reacted with simple alcohol
under Mitsunobu standard conditions (Table 1). Through this, conditions gave highest yield would then be
employed for etherifying other substrates.

O OH o o "
DEAD, PPh;

n-propanol

(8) 9)

Table 1 Reaction conditions of Mitsunobu etherification reaction of (8)

Entry Conditions Solvent Additives Time (h) z(s;z)lated Yield
1 r.t. THF - 96 0.5

2 r.t.-66 °C THF - 96 25

3 r.t. DCM - 96 0

4 r.t. THF 1eq. EtsN 30 25

5 66 °C THF 1eq EtsN 48 45

6 r.t.-66 °C THF Sodium benzoate 48 60

Table 1 showed a persevering Mitsunobu over 2-hydroxyacetophenone. Carrying the reaction under
Mitsunobu standard conditions or under slight solvent change was unsuccessful (entry 1 and 3). Realising by
the hydrogen bond controlled pKa nature of the substrate (8) [10], [12], we then attempted to break the
intramolecular hydrogen bonding through reflux and/or acidic phenoxy deprotonation. In fact, these substrate
pH modification efforts afforded the desired ether product (9) as shown in entry 2 and entry 4-6.

Spectroscopy analysis using 1H-NMR, 13C-NMR, HRMS and FT-IR strongly confirms the product as (9)
(Figure 3).
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Figure 3 Spectroscopy data of (9)
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Effort in Accessing Thai’s Ethers

Getting success with the preparation of (9) (Table 1 entry 6), (10) was then intended to be prepared.
Submission of 2-hydroxyacetophenone to 2,4-pentanediol under sodium benzoate-reflux was, however,
unsuccessful (Table 2 entry 1). Suggested by low pKa issue of both the substrate and the diol (pKa = 10 and
16 respectively) [13], a more reactive azo coupling agent, ADDP (11) was used in the replacement of DEAD.
This electron donating group containing azo could hopefully generate (13) and (14) proceeding to the
product more easily (Figure 4). This though was still no reaction (entry 2 and 3).

Table 2 Optimisation reaction condition for the synthesis of (10)

Alcohol Coupling Additive Temperature (°C) Solvent Time Yield (%)
Reagent

1eq.

()-2,4-pentanediol DEAD Sodium r.t-66 THF 5days  No reaction
benzoate
1eq.

(2R,4R)-(+)-pentanediol DEAD Sodium r.t-66 THF 5days  No reaction
benzoate

(2R,4R)-(+)-pentanediol ADDP - r.t-66 THF 5days  No reaction

00 00 00
Ol — O3 — (O30
N=N N-N N-N,

( (11) PhaPy, @ PhsFy  H

:PPhs

(13)
00 @hi)\ 0 0
N N + (10) =— phyPO OH * N~ YN
O30 o= mipi o - OL O
k‘H
S o0
O O
(14)

Figure 4 Mechanism of preparing (10) by using ADDP
Modified Mitsunobu etherification reaction

Due to unsuccessful pH relating approaches (reflux and/or a basic catalyse and stronger azo coupling use),
steric influence of both substrate and diol is now turned to be considered. We then modified the Mitsunobu

standard conditions by using sonication, a common method of doing reaction under sterically encumbered
demanding substrates [14].

Submission (8), diol (12) and the Mitsunobu standard reagents into sonication conditions afforded the
desired product moderately only in 10 minutes (Figure 5).
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Figure 5 Synthesis of (10) through modified Mitsunobu etherification

Spectroscopy analysis of the product using 1H-NMR strongly confirmed the ether (10) structure with the
appearance of enantiotopic AA'XX' system of CH2 under ddd splitting pattern (Figure 6). The chemical shift
of these two enantiotopic proton is at 1.66 and 1.97 ppm.
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A series of substituted aromatic ether was prepared under the modified Mitsunobu conditions following
the success of preparing (10) (Table 3). According to Table 3, substituents (R) clearly showed substrate
demanding electronic effects of the phenoxyketones undergoing Mitsunobu etherification reaction.

O OH ) J\/L
N /kﬂ DEAD, PhsP Q@ 0 OH
+ -
| HO OH

X THF, Sonication |
R 42°C =
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Table 3 Synthesis of substituted acetophenone ethers

Entry R Time Yield (%) Compound
(min)*
1 4-OCHs 25 17 (15)
2 5-NO2 5 52 (16)

*optimisation time

Synthesis of benzophenone ethers

Engaging more in the steric and electronic effects of the Mitsunobu etherification of phenoxyketones, a
more sterically hindered series, benzophenone and substituted benzophenones was selected to be examined.
Due to Table 4, benzophenone and substituted benzophenones ether with (2R,4R)-pentanediol were
successfully prepared under modified Mitsunobu conditions, varied from 6 to 27%. Expectedly, this lower
yield in comparison to that of the corresponding substituted 2-hydroxyacetophenone ((10), (15) and (16))
proved steric effect presence. Moreover, aromatic substituents clearly affirmed the electronic effect

involvement.
0 o/k/LOH

O OH DEAD, PhsP
| X (2R,4R)-pentanediol | X
X THF, Sonication X
R 42 C R

Table 4 Synthesis of benzophenone and substituted benzophenone ethers

Entry R Time (h)* Yield (%) Compound
1 H 2 6 (17)
2 4-OMe 5 8 (18)
3 5-Cl 0.5 27 (19)

*optimisation time

IV. CONCLUSION

Sterically hindered and intramolecular hydrogen bonding demanding substrates, 2-hydroxyacetophenones,
benzophenone and substituted benzophenones were successfully etherified towards sonication assisted
Mitsunobu reaction. The reaction was also controlled by steric hindrance, intramolecular hydrogen bonding
and substrate electronic effects.
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