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Manganese-Mediated Reformatsky Reaction: Highly Divergent
Synthesis of B-Hydroxyalkanoates
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Abstract A practical, flexible, and efficient manganese-mediated catalytic system of Reformatsky reaction has been de-
scribed. The cheap and readily available manganese powder acts as the reaction mediator, which conducts effectively for the
preparation of useful f-hydroxyalkanoate compounds with the nickel catalyst in excellent yields (up to 98%) and mild condi-
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tion. In addition, the catalytic methodology can be scaled up to the gram scale.
Keywords manganese; nickel catalyst; reformatsky; aldehydes and ketones; S-hydroxyalkanoates

1 Introduction

The p-hydroxyl carbonyl scaffold is an important
pharmacophore and valuable synthon.!"! In the past few
decades, efficient assembly of this type of structure has
attracted wide attention on the pharmaceutical industry and
medicinal chemistry based on the fact that this structure
widely exists in bioactive molecules, pharmaceuticals
agents and natural products.”) Thus, the development of
efficient synthesis of f-hydroxyl carbonyl derivatives is
extremely significant.

The classical Reformatsky reaction, reported for the first
time in 1887,%) has been proven to be the most direct and
effective strategy for the construction of f-hydroxyl car-
bonyl compounds.*! Therefore, The Reformatsky reaction
has become an efficient synthetic method for the construc-
tion of C—C bond, which has been widely applied in or-
ganic chemistry.””) Traditional method divides this trans-
formation into two steps. The first step is the preparation of
organic metallic reagent. Then the second step is the addi-
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tion of different kinds of electrophiles such as aldehydes,
ketones and imines with organic metallic reagent, which is
characterized by complex operation and lower efficiency.”
For example, a wide variety of metals or low-valent metal-
lic salts, such as Zn powder'” or R,Zn,® Mg’ Sm(1I)
salt,!"”) are served as mediators in the Reformatsky reaction
(Scheme 1a), which needs long reaction time in low yield.
Therefore, it becomes essential to develop a more simple,
inexpensive, and practical strategy for the Reformatsky
reaction.

Manganese is one of the most abundant elements on the
earth, which has the advantages of abundant source, cheap
price and harmlessness to environment. Recently, more
and more attention has been focused on green chemistry
along with people's awareness of the importance of envi-
ronment.!""! Hence, we present a new nickel-catalyzed and
manganese-mediated efficient Reformatsky reaction of
aldehydes and ketones with ethyl iodoacetate, which is
undoubtedly eco-friendly with cheap raw material. This
strategy relies on simple and readily available materials to
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Scheme 1 Reformatsky reaction for the construction of f-hy-
droxyl carbonyl scaffold

generate useful f-hydroxyl esters with the advantages of
high efficiency, simple operation and mild condition.

2 Results and discussion

Initially, we began our studies by using benzaldehyde
(1a) and ethyl bromacetate (2b) as the template reaction,
and examined the reaction parameters including solvent
and additive to identify the optimal reactions conditions
(Table 1). In the absence of Ni catalyst, only 12% yield
was obtained (Entry 1). In addition, the higher activity
ethyl iodoacetate (2a) was also chosen as nucleophile,
giving 3a in the yield of 25% (Entry 2). To improve the
activity, NiBr, was added as catalyst, but which also gave
3a in low yield with the nucleophile of 2b (Entry 3).
However, when 1.0 equiv. of Nal was added to produce 2a
in situ under standard condition, the yield increased rapidly
and reached to 90% (Entry 4). The evaluation of a number
of common Ni catalysts, including NiBr,, NiCl, and Nil,
(Table 1, Entries 5~7) were screened. In the presence of
NiCl,, only 23% yield of desired product was obtained. To
our delight, the reaction catalyzed by Nil, gave the best
results with the yield of 93%. Even more important, a low-
er amount of catalyst (10 mol%) and a shorter reaction
time (12 h) can also realize the transformation efficiently
(Table 1, Entry 8). The screening of the solvents, such as
Et,0, dioxane, toluene, DCM, hexane, MeCN, confirmed
that solvent had a strong influence on the reaction. The use
of Et,O and dioxane as the solvent could give the expected
product 3a in good yield (Entries 9 and 10). However, a
lower convertion of 3a was observed by using toluene,
hexane and dichloromethane (DCM) as the solvents (En-
tries 11~13). MeCN was the best solvent to give the target

342 http://sioc-journal.cn/

product in excellent yield under standard conditions.

Table 1 Optimization of reaction conditions”

0] Q [Ni], Mn power OH 0
Ph )+ X\)J\O/\ solvent, r.t., Ny PhMO/\
1a 2a, X =1 CF3COOH (25 mol%) 3a
2b, X=B
Entry X [Ni] Solvent Time/h  Yield®/% of 3a
1 Br — THF 36 12
2 I — THF 36 25
3  Br NiBn THF 36 27
4 Br NiBn THF 36 90
5 I  NiBr, THF 36 94
6 I NiClL THF 36 23
7 I NiL THF 36 92
8 1 Nib THF 12 92
o/ I NiL Et,O 12 93
10 1 Nil, Dioxane 12 90
11 1 Nil, Toluene 12 78
12 1 NiL DCM 12 80
131 Nil, Hexane 12 85
14 1 Ni, MeCN 12 98

© 2021 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: All reactions were performed with 1a (0.5 mmol), 2a
(1.5 equiv.), nickel catalyst (20 mol%), Mn powder (3 equiv.), CF;COOH (20
mol%), solvent (2 mL), at 0 ‘C under N, atmosphere. ®Yield was determined
by GC with dodecane as internal standard based on 1a. “1.0 equiv. of Nal was
added. “ Nil, (10 mol%) was added.

With the optimized reaction condition in hand, a broad
range of aldehydes were investigated to afford the S-hydr-
oxyalkanoate compounds under the optimal conditions. As
shown in Table 2, the nickel-catalyzed and manganese-
mediated Reformatsky reaction proceeded smoothly over a
wide range of aldehydes in good to excellent yields. First-
ly, substrates with different halogen on aryl were surveyed,
which obtained the desired products in the yield of 90%~
96% (3¢, 3d, 3g, 3h, and 3r~3t). Besides, the halogen
atom with different position on the aromatic ring can also
suit for this reaction condition (3¢, 3d, 3f and 3g). In addi-
tion, using the electron-donating groups, such as methyl
and methoxyl, as the substrates, the reaction also proceed-
ed well (3b, 3e, 3f and 3i). It is worth noting that the alde-
hyde with higher conjugation degree (2-naphthaldehyde)
performed well to access the desired products (3j). Grati-
fyingly, this protocol could be applied to aromatic hetero-
cyclic aldehydes. For example, 2-thenaldehyde and furfu-
ral gave the desired products 3k and 31 in 92% and 95%
yields. Notably, polysubstituted aromatic aldehydes, with
the strong steric hindrance, still smoothly took place under
the standard conditions (3m, 30, 3p). Meanwhile, the sub-
strate 2,4,6-trimethylbenzaldehyde could also be employed
in the catalytic system to afford the product 3q in 86%
yield.

The scope of nickel-catalyzed and manganese-mediated
Reformatsky reaction was further investigated to a variety
of aliphatic aldehydes (Table 3). Gratifyingly, under the
standard reaction conditions, the unsaturated aldehydes
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Table 2 Screening the viable aromatic aldehydes”

o)
I\)(J)\ Nil, (10 mol%), Mn power (3.0 equiv.) OH O
AN +
R H 0" " MeCN, rt. N,, CF.COOH (25 mol%) X o™
= R 1
1 2a 3

OH O OH O OH O OH O OH O
QMOA QMOA QMC’A QMOA @(K*o«
HsC cl F MeO Me

3b, 95% 3¢, 93% 3d, 90% 3e, 92% 3f, 90%
OH O OH O OH O OH O OH O
N N
o] F OMe \_s
39, 91% 3h, 93% 3i, 90% 3j, 90% 3k, 92%
OH O OH O OH O Me OH O Me OH O
G~ o e o~ o~ o~
\
o Me Me Me Me Me
31, 95% Me 3m, 89% 30,94% 3p, 87% 3q, 86%
OH O OH O F  OH O
F F F F
3r, 90% 3s, 96% 3t, 91%

“ Reaction conditions: aldehyde (1) as the limiting reagent (0.5 mmol), 2a (1.5 equiv.), Nil, (10 mol%), Mn powder (3 equiv.), CF;COOH (20 mol%), MeCN (2 mL),

0 C under N, atmosphere for 12 h.
Table 3 Screening the viable aliphatic aldehydes”
Nil, (10 mol%) oH ©

ji Q Mn power (3.0 equiv.)

o . .
R™°H \)ko/\ MeCN, r.t, N, R/K/U\O/\
CF3COOH (25 mol%) 3

1 2a

3y, 82%

“ Reaction conditions: aldehyde (1) as the limiting reagent (0.5 mmol), 2a (1.5
equiv.), Nil, (10 mol%), Mn powder (3 equiv.), CF;COOH (20 mol%), MeCN
(2mL), 0 ‘C under N, atmosphere for 12 h.

such as cinnamaldehydes were also tolerated in this pro-
cess, which gave the corresponding products 3u, 3v and
3w in good yields, especially for 3v with large steric hin-
drance. Other aliphatic aldehyde was also conducted to this
reaction to give the corresponding product ethyl-3-cyclo-
hexyl-3-hydroxypropanoate efficiently (3x). In view of the
great importance of f-hydroxyalkanoates scaffold in bio-
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medicine, it is important to develop late-stage modification
of f-hydroxyalkanoates. For example, natural aldehydes,
such as citral (1ly), could participate in the present trans-
formation to generate the corresponding f-hydroxyalka-
noate 3y, respectively.

Apart from aldehydes, ketones could also be used as
electrophiles in the presence of nickel-catalyzed Refor-
matsky reaction. Fortunately, when the above optimal re-
action conditions were applied to acetophenone, 1-(p- tol-
yl)ethan-1-one, ethyl 3-hydroxy-3-(4-(trifluoromethyl)phe-
nyl)butanoate and 1-(naphthalen-2-yl)ethan-1-one, the de-
sired products were also obtained in lower yield (Table 4).

Besides broad functional group tolerance, the practica-
bility of the developed protocol was tested. A scale-up
experiment (1a, 10 mmol) was smoothly conducted under
the standard conditions, which f-hydroxyalkanoate 3aa
was obtained in 91% yield (Scheme 2).

On the basic of results, a proposed mechanism was pro-
posed for the Ni-catalyzed Reformatsky reaction in
Scheme 3. The reaction was initiated with Ni’. Therefore,
the Ni'! was reduced to Ni’ by manganese powder firstly.
Then oxidation-addition of Ni’ was occurred and achieved
int-1.'2) While, the electronegativity of nickel is low, and
low initial activity of int-I is exhibited in the cycle, which
is unable to react with the carbonyl compounds directly.!"*!
In order to enhance the nucleophiles, anion exchange was
occurred with more acidic Bronsted acid to produced
int-11. Then, Int-III was obtained by the nucleophilic ad-
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Table 4 Screening the viable ketones”
Nil, (10 mol%)

)Ok IQ?\ Mn power (3.0 equiv.) Hw
R™ > 07> T MeCNrt,N, R o™
4 2a CF5COOH (25 mol%) 5
HO 0 HO 0
@M o o
5a, 72% 5b, 66%
HO 0 HO 0
@MON SOhAe
5¢c, 60% 5d, 62%

“ Reaction conditions: ketones (4) as the limiting reagent (0.5 mmol), 2a (1.5
equiv.), Nil, (10 mol%), Mn powder (3 equiv.), CF;COOH (20 mol%), MeCN
(2mL), 0 ‘C under N, atmosphere for 36 h.

0
0 Nil, (10 mol%)
H Mn power (3.0 equiv.)
[
+
\)J\O/\ MeCN, rt, N,
1a, 10 mmol 2a CF3COOH (25 mol%)
OH O 36h
o™
3a, 91%, 1.77g

Scheme 2 Gram-scale experiment

dition of aldehyde and Int-II. Hydrolysis of Int-III gave
the desired products, and Ni" complex was reduced to Ni’
for the next catalytic cycles (Path A). Besides, the al-
kyl-Ni(II) may also be reduced to alkyl-Ni(I) by Mn(0)
firstly, then the alkyl-Ni(I) is able to attack the C=O bond
(Path B). The similar process was reported by Ruben Mar-
tin, 4]

3 Conclusion

In conclusion, a versatile and convenient strategy for the

H OH Path A
ph)ﬁ/COOEf HNI'OOCCF; __ Mn
3a Reductio\n\
EtO o) Hydrolysis
Ph
>iNi”OOCCF3
H

int-ll

OH
Jy J\
Ph H o
CF,COON;!
3COONI \)J\OEt
int-ll »T/

HI CF3;COOH

Ni”

N

0]

it okt

preparation of functionalized pf-hydroxyalkanoates via
nickel-catalyzed Reformatsky reaction of aldehydes and
ketones with ethyl iodoacetate is developed. Moreover, the
simple and readily available starting materials, operating
procedure and good yields make this protocol particularly
practical, convenient and mild. In short, this protocol may
open up a new viewpoint on classical Reformatsky reac-
tion. Ongoing studies are focused on exploring the asym-
metric catalytic Reformatsky reaction and the application.

4 Experimental section

4.1 General information

'H NMR and *C NMR spectra were recorded by using a
Bruker DRX-400 spectrometer (400 MHz for 'H NMR;
100 MHz for *C NMR), using CDCl; as solvent and TMS
as an in ternal standard. The chemical shifts are referenced
to signals at d 7.26 and 77.0, respectively. Chemical shifts
(0) are reported and quoted to the nearest 6 0.01 relative to
the residual protons in CDCl; (6 7.26 for '"H NMR) or
TMS (6 0 for 'H NMR) and CDCl; (d 77.0 for *C NMR).
GC analyses were performed on a GC-7900 chromato-
graph with an FID and equipped with an AT.SE-30 capil-
lary column (internal diameter: 0.32 mm, length: 30 m).

4.2 Procedure for the preparation of 3 and 5

To a 25 mL dried Shrek tube was added the mixture of
anilines 1 or 4 (0.5 mmol), Mn powder (3 equiv.), Nil, (10
mol%), ethyl iodide acetate (2a) (0.75 mmol), CF;COOH
(25 mol%) in MeCN (2.0 mL) successively. The mixture
was stirred at room temperature for 12 h under an N, at-
mosphere. After the reaction was completed, the mixture
was diluted with H,O (15 mL), neutralized with NH,ClI,
and extracted with EtOAc (10 mL X 3). The organic extract
was washed with brine (10 mL X 3) and dried over anhy-
drous MgSO,. After removal of the EtOAc in vacuum, the
crude product was purified by column chromatography on
silica gel with hexanes or petroleum ether/ethyl acetate
(Vi V=5.11020:1)to give the desired products 3 and

PathB H OH
COOEt
Mn power Ph
» 1/2Mn(Il)
Mn(0)
H Ph O
i
Ny OEt
o)
I
\)J\OEt
o)
N
0
INi!
I\)kOEt
int-IV
Mn(0) 1/2Mn(lly

Scheme 3 Proposed reaction mechanism

344

http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2021, 41, 341~347



Chinese Journal of Organic Chemistry

ARTICLE

Ethyl 3-hydroxy-3-phenylpropanoate (3a):"%  Yield:
98% (95.1 mg), colourless oil. 'H NMR (400 MHz,
CDCly) 0: 7.41~7.28 (m, 5H), 5.19~5.11 (m, 1H), 4.20
(q, J=7.1 Hz, 2H), 3.39 (d, /=3.4 Hz, 1H), 2.77~2.73
(m, 2H), 1.28 (t, J=7.1 Hz, 3H); *C NMR (100 MHz,
CDCly) o: 172.4, 142.6, 128.6, 127.8, 125.7, 70.3, 60.9,
43.4,14.2.

Ethyl 3-hydroxy-3-(p-tolyl)propanoate (3b):*¥ Yield:
95% (98.8 mg), colourless oil. 'H NMR (400 MHz,
CDCly) d: 7.31~7.27 (m, 2H), 7.18 (d, J=8.0 Hz, 2H),
5.11 (dt, J=7.4, 3.4 Hz, 1H), 4.20 (q, J=7.1 Hz, 2H), 3.32
(d, J=3.4 Hz, 1H), 2.80~2.67 (m, 2H), 2.36 (s, 3H), 1.28
(t, J=7.1 Hz, 3H); >C NMR (100 MHz, CDCl;) J: 172.4,
139.7,137.5, 129.2, 125.7,70.2, 60.8, 43.4, 21.1, 14.2.

Ethyl 3-(4-chlorophenyl)-3-hydroxypropanoate (3¢):*"
Yield: 93% (106.0 mg), colourless oil. '"H NMR (400
MHz, CDCls) d: 7.34~7.27 (m, 4H), 5.09 (dd, /=8.2, 4.5
Hz, 1H), 4.17 (q, J=7.1 Hz, 2H), 3.59 (s, 1H), 2.75~2.63
(m, 2H), 1.26 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
CDCly) o: 172.2, 141.1, 133.4, 128.7, 127.1, 69.6, 61.0,
43.3,14.1.

Ethyl 3-(4-fluorophenyl)-3-hydroxypropanoate (3d):™*!
Yield: 90% (95.4 mg), colourless oil. 'H NMR (400 MHz,
CDCly) o: 7.41~7.33 (m, 2H), 7.09~7.01 (m, 2H),
5.17~5.09 (m, 1H), 4.20 (q, J/=7.1 Hz, 2H), 3.41 (d, J=
2.6 Hz, 1H), 2.78~2.65 (m, 2H), 1.28 (t, J=7.1 Hz, 3H);
C NMR (100 MHz, CDCls) §: 172.3, 162.2 (d, J=244
Hz), 138.3 (d, /=4 Hz), 127.3 (d, /=8 Hz), 115.3 (d, J=
11 Hz), 69.7, 61.0, 43.3, 14.1.

Ethyl 3-hydroxy-3-(4-methoxyphenyl)propanoate
(3e):® Yield: 92% (103.0 mg), colourless oil. "H NMR
(400 MHz, CDCl,) d: 7.32 (d, J=8.6 Hz, 2H), 6.91 (d, J=
8.7 Hz, 2H), 5.11 (dt, J=8.8, 3.4 Hz, 1H), 420 (q, J=
7.1 Hz, 2H), 3.82 (s, 3H), 3.22 (d, /=3.3 Hz, 1H), 2.73
(m, 2H), 1.34 (dt, J=14.3, 13.6 Hz, 4H); °*C NMR (100
MHz, CDCly) d: 172.5, 159.2, 134.7, 127.0, 113.9, 70.0,
60.9, 55.3,43.3, 14.2.

Ethyl 3-hydroxy-3-(o-tolyl)propanoate (3f):'"” Yield:
90% (93.6 mg), colourless oil. 'H NMR (400 MHz,
CDCly) d: 7.52 (d, J=7.5 Hz, 1H), 7.28~7.15 (m, 3H),
5.37 (dd, J=5.9, 2.9 Hz, 1H), 4.22 (q, J=7.1 Hz, 2H),
3.29 (d, J=2.4 Hz, 1H), 2.76~2.64 (m, 2H), 2.37 (s, 3H),
1.30 (t, J=7.1 Hz, 3H); *C NMR (101 MHz, CDCl;) ¢:
172.6, 140.5, 134.3, 130.46, 127.6, 126.4, 125.3, 67.0,
60.9,42.2,19.0, 14.2.

Ethyl 3-(2-fluorophenyl)-3-hydroxypropanoate (3g):!"*
Yield: 91% (103.7 mg), colourless oil. '"H NMR (400
MHz, CDCly) ¢: 7.63 (d, J=7.6 Hz, 1H), 7.31 (dd, J=
14.1, 7.6 Hz, 2H), 7.21 (t, J=7.5 Hz, 1H), 5.49 (d, J=9.6
Hz, 1H), 4.19 (q, J=7.0 Hz, 2H), 3.60 (s, 1H), 2.84 (d, J=
16.5 Hz, 1H), 2.58 (dd, J=16.4, 9.7 Hz, 1H), 1.27 (t, J=
7.1 Hz, 3H); *C NMR (100 MHz, CDCl;) §: 172.5, 140.0,
131.4,129.3,128.7, 127.2, 127.1, 67.0, 61.0, 41.5, 14.1.

Ethyl 3-(2-fluorophenyl)-3-hydroxypropanoate (3h):!'®
Yield: 93% (98.6 mg), colourless oil. 'H NMR (400 MHz,
CDCly) 6 7.55 (t, J=7.5 Hz, 1H), 7.31~7.23 (m, 1H),
7.17 (t, J=7.5 Hz, 1H), 7.07~6.99 (m, 1H), 5.46~5.37
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(m, 1H), 4.19 (q, J/=7.2 Hz, 2H), 3.65 (d, J/=4.0 Hz, 1H),
2.83~2.69 (m, 2H), 1.27 (t, J=7.1 Hz, 3H); C NMR
(100 MHz, CDCls) d: 172.40, 159.4 (d, J=254 Hz), 129.4
(d, J=13 Hz), 129.1 (d, J=9 Hz), 127.2 (d, J=4 Hz),
124.4 (d, J=4 Hz), 115.2 (d, J=11 Hz), 64.56, 64.54,
60.96,41.94, 41.93, 14.12.

Ethyl 3-hydroxy-3-(2-methoxyphenyl)propanoate
3i):"™ Yield: 90% (100.8 mg), colourless oil. '"H NMR
(400 MHz, CDCl;) o: 7.45 (dd, J=17.5, 1.1 Hz, 1H),
7.31~7.26 (m, 1H), 7.00 (t, J/=7.4 Hz, 1H), 6.90 (d, J=
8.2 Hz, 1H), 5.38 (dd, /=9.2, 3.6 Hz, 1H), 4.20 (q, J=7.1
Hz, 2H), 3.87 (s, 3H), 2.85 (dd, J/=16.1, 3.6 Hz, 1H), 2.73
(dd, J=16.1, 9.2 Hz, 1H), 1.29 (t, J=7.2 Hz, 3H); "°C
NMR (100 MHz, CDCl;) d: 172.7, 156.1, 130.5, 128.6,
126.6, 120.8, 110.3, 66.6, 60.7, 55.3, 41.7, 14.2.

Ethyl 3-hydroxy-3-(naphthalen-2-yl)propanoate (3j):"°"
Yield: 90% (109.8 mg), colourless oil. '"H NMR (400
MHz, CDCly) o: 8.09 (d, J=8.2 Hz, 1H), 7.92~7.88 (m,
1H), 7.81 (d, J=8.2 Hz, 1H), 7.73 (d, J=7.1 Hz, 1H),
7.57~7.47 (m, 3H), 5.95 (dd, /=9.2, 2.7 Hz, 1H), 4.24 (q,
J=17.1 Hz, 2H), 3.63 (s, 1H), 2.89 (qd, J=16.4, 6.3 Hz,
2H), 1.30 (t, J=7.2 Hz, 3H); >*C NMR (100 MHz, CDCl5)
0: 172.7, 138.2, 133.8, 130.0, 129.0, 128.3, 126.3, 125.6,
125.5,123.0, 122.9, 67.4, 61.0,42.8, 14.2.

Ethyl 3-hydroxy-3-(thiophen-2-yl)propanoate (3k):"°"
Yield: 92% (92.0 mg), colourless oil. 'H NMR (400 MHz,
CDCl;) : 7.27 (dd, J=4.7, 1.5 Hz, 1H), 6.98 (q, J=3.5
Hz, 2H), 542~5.32 (m, 1H), 4.20 (q, J=7.1 Hz, 2H),
3.59 (s, 1H), 2.92~2.81 (m, 2H), 1.28 (t, J=7.1 Hz, 3H);
C NMR (100 MHz, CDCly) d: 171.9, 146.4, 126.7, 124.9,
123.7, 66.6, 61.0, 43.2, 14.2.

Ethyl 3-(furan-2-yl)-3-hydroxypropanoate (31):* Yield:
95% (87.4 mg), colourless oil. '"H NMR (400 MHz,
CDCl;) o: 7.40 (dd, J=1.8, 0.8 Hz, 1H), 6.36 (dd, J/=3.2,
1.8 Hz, 1H), 6.30 (d, /=3.3 Hz, 1H), 5.16 (dt, /=8.6, 4.4
Hz, 1H), 4.25~4.19 (m, 2H), 3.25 (d, J=5.0 Hz, 1H),
2.96~2.83 (m, 2H), 1.32~1.30 (m, 3H); >C NMR (100
MHz, CDCl;) ¢: 172.0, 154.7, 142.3, 110.3, 106.3, 64.2,
61.0,39.8, 14.2.

Ethyl 3-(2,3-dimethylphenyl)-3-hydroxypropanoate
(3m): Yield: 89% (98.8 mg), colourless oil. 'H NMR (400
MHz, CDCl;) o: 7.40 (d, J=7.5 Hz, 1H), 7.19~7.10 (m,
2H), 5.44 (dd, J=8.2, 4.5 Hz, 1H), 4.23 (q, J=7.2 Hz,
2H), 2.75~2.65 (m, 2H), 2.32 (s, 3H), 2.26 (s, 3H), 1.31
(t, J=7.1 Hz, 3H); >C NMR (100 MHz, CDCL3) 0: 172.7,
140.5, 137.0, 132.9, 129.2, 125.9, 123.0, 67.4, 60.9, 42.4,
20.6, 14.6, 14.2.

Ethyl 3-(2,5-dimethylphenyl)-3-hydroxypropanoate
(30):"" Yield: 94% (104.3 mg), colourless oil. 'H NMR
(400 MHz, CDCly) o: 7.35 (s, 1H), 7.03 (q, J=7.7 Hz,
2H), 5.34 (d, J/=9.1 Hz, 1H), 4.21 (g, J=7.1 Hz, 2H), 3.46
(s, 1H), 2.74~2.62 (m, 2H), 2.34 (d, J=11.4 Hz, 6H),
1.30 (td, J=7.1, 1.3 Hz, 3H); *C NMR (100 MHz, CDCl;)
0: 172.6, 140.5, 140.5, 135.77, 131.1, 130.4, 128.2, 125.9,
67.0,60.8,42.4,21.1, 18.5, 14.2.

Ethyl 3-(2,6-dimethylphenyl)-3-hydroxypropanoate
3p)"” Yield: 87% (96.6 mg), colourless oil. '"H NMR
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(400 MHz, CDCl;) ¢: 7.09 (dd, J=8.4, 6.4 Hz, 1H), 7.01
(d, J=17.5 Hz, 2H), 5.66 (d, J=10.6 Hz, 1H), 4.25~4.20
(m, 2H), 3.08 (dd, J=16.5, 10.6 Hz, 1H), 3.00 (s, 1H),
2.57 (dd, J=16.5, 3.1 Hz, 1H), 2.48 (s, 6H), 1.31 (s, 3H);
C NMR (100 MHz, CDCl;) d: 172.7, 137.6, 136.2, 129.4,
127.5, 67.7, 60.9, 39.9, 20.8, 14.2.

Ethyl 3-hydroxy-3-mesitylpropanoate (3q):** Yield:
86% (101.5 mg), colourless oil. 'H NMR (400 MHz,
CDCly) o: 6.85 (s, 2H), 5.63 (dd, J=10.6, 2.1 Hz, 1H),
4.23 (q, J=7.1 Hz, 2H), 3.08 (dd, /=16.5, 10.7 Hz, 1H),
2.59~2.50 (m, 1H), 2.44 (d, J=10.2 Hz, 6H), 2.27 (s,
3H), 1.32 (t, J=7.2 Hz, 3H); >C NMR (100 MHz, CDCl5)
0:172.7,137.0, 136.1, 134.6, 130.2, 67.5, 60.9, 40.1, 20.8,
20.7,14.2.

Ethyl 3-(2,4-difluorophenyl)-3-hydroxypropanoate (3r):
Yield: 90% (103.5 mg), colourless oil. '"H NMR (400
MHz, CDCl;) d: 7.50 (td, J=8.5, 6.7 Hz, 1H), 6.92~6.85
(m, 1H), 6.80~6.75 (m, 1H), 5.35 (dd, J=8.8, 3.4 Hz,
1H), 4.17 (q, J=7.1 Hz, 2H), 3.76 (s, 1H), 2.78~2.65 (m,
2H), 1.26 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl5)
0:172.2,162.3 (dd, J=246, 12 Hz), 159.4 (dd, /=247, 12
Hz), 128.2 (dd, J=38.5, 6.0 Hz), 125.6 (dd, J=13.5, 3.0
Hz), 111.4 (dd, /=21, 4 Hz), 103.6 (t, J=25 Hz), 64.1 (d,
J=2Hz), 61.0,41.9, 14.1.

Ethyl 3-(2,5-difluorophenyl)-3-hydroxypropanoate (3s):
Yield: 96% (110.4 mg), colourless oil. '"H NMR (400
MHz, CDCl3) d: 7.31~7.26 (m, 1H), 7.02~6.91 (m, 2H),
5.38 (d, /=9.3 Hz, 1H), 4.21 (q, J=7.1 Hz, 2H), 3.71 (s,
1H), 2.81 (dd, J/=16.6, 3.0 Hz, 1H), 2.66 (dd, J/=16.6,9.4
Hz, 1H), 1.29 (t, J=7.1 Hz, 3H); C NMR (100 MHz,
CDCly) 0: 172.3, 159.0 (dd, J=240.5, 2.0 Hz), 155.1 (dd,
J=239.5,2.0 Hz), 131.4 (dd, /=16, 7 Hz), 116.2 (dd, J=
24.5, 9 Hz), 115.3 (dd, J=24.5, 9 Hz), 113.9 (dd, J=25,
5Hz), 64.17 (d,J=1.0 Hz), 61.1,41.7, 14.1.

Ethyl 3-(2,6-difluorophenyl)-3-hydroxypropanoate (3t):
Yield: 91% (104.6 mg), colourless oil. '"H NMR (400
MHz, CDCl) d: 7.26 (td, J=8.2, 4.3 Hz, 1H), 6.95~6.83
(m, 2H), 5.55 (dt, J/=9.4, 4.9 Hz, 1H), 4.18 (q, J/=7.2 Hz,
2H), 3.26 (d, J=6.1 Hz, 1H), 3.15 (dd, J=16.3, 9.5 Hz,
1H), 2.75 (dd, J=16.4, 4.2 Hz, 1H), 1.26 (td, J=7.2, 1.6
Hz, 3H); >C NMR (100 MHz, CDCl3) 6: 171.6, 161.0 (dd,
J=244, 8.5 Hz), 129.7 (t, J=11 Hz), 117.5(t, J=5 Hz),
111.8 (dd, J=19.5, 3.5 Hz), 62.2 (t, J=3 Hz), 60.9, 40.8
(t, J=3 Hz), 14.0.

Ethyl (E)-3-hydroxy-5-phenylpent-4-enoate  (3u):*%
Yield: 93% (102.3mg), colourless oil. '"H NMR (400 MHz,
CDCly) 0: 7.40 (d, J=7.4 Hz, 2H), 7.34 (t, J/=7.3 Hz, 2H),
7.29~7.25 (m, 1H), 6.68 (d, J=15.9 Hz, 1H), 6.25 (dd,
J=15.9, 6.0 Hz, 1H), 4.75 (dd, J/=11.4, 6.0 Hz, 1H), 4.21
(q, J=7.1 Hz, 2H), 2.71~2.60 (m, 2H), 1.30 (t, J=7.1
Hz, 3H). °C NMR (100 MHz, CDCLy) §: 172.3, 136.4,
130.8, 129.9, 128.6, 127.8, 126.6, 68.9, 60.9, 41.5, 14.2.

Ethyl  (£)-3-hydroxy-4-methyl-5-phenylpent-4-enoate
(3v): Yield: 90% (105.3 mg), colourless oil. '"H NMR (400
MHz, CDCl;) o: 7.37~7.22 (m, 5H), 6.61 (s, 1H), 4.63
(dd, J=11.4, 5.0 Hz, 1H), 4.26~4.15 (m, 2H), 3.26 (s,
1H), 2.67 (dd, J=38.5, 3.7 Hz, 2H), 1.90 (d, J=3.9 Hz,
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3H), 1.29 (td, J=7.1, 5.3 Hz, 3H); °*C NMR (100 MHz,
CDCly) d: 172.6, 138.3, 137.4, 129.0, 128.1, 126.6, 126.0,
73.6,60.9,40.4, 14.2, 13.8.

Ethyl  (E)-5-(4-chlorophenyl)-3-hydroxypent-4-enoate
(3w): Yield: 92% (116.8 mg), colourless oil. 'H NMR (400
MHz, CDCl;) o: 7.29 (d, J=7.8 Hz, 2H), 7.14 (d, J=7.6
Hz, 2H), 6.64 (d, J/=15.9 Hz, 1H), 6.19 (dd, J=15.9, 6.1
Hz, 1H), 4.73 (d, J=5.0 Hz, 1H), 4.21 (dd, /=14.0, 6.9
Hz, 2H), 2.65 (d, J=7.4 Hz, 2H), 2.36 (s, 3H), 1.30 (t, J=
6.8 Hz, 3H); °*C NMR (100 MHz, CDCl;) §: 172.3, 137.7,
133.6, 130.7, 129.3, 128.9, 126.5, 69.0, 60.9, 41.6, 21.2,
14.2.

Ethyl 3-cyclohexyl-3-hydroxypropanoate (3x):!" Yield:
96% (96.0mg), colourless oil. '"H NMR (400 MHz, CDCl5)
0:4.16 (q, J=7.1 Hz, 2H), 3.76 (dd, /=10.3, 4.5 Hz, 1H),
2.81 (s, 1H), 2.43 (dt, J=16.2, 12.8 Hz, 2H), 1.86 (d, J=
12.6 Hz, 1H), 1.75 (d, J/=9.3 Hz, 2H), 1.66 (d, J=12.0
Hz, 2H), 1.41~1.32 (m, 1H), 1.29~1.11 (m, 6H), 1.08~
0.96 (m, 2H); °*C NMR (100 MHz, CDCl3) 6: 173.5, 77.4,
77.1, 76.8, 72.1, 60.6, 43.1, 38.6, 28.8, 28.2, 26.4, 26.1,
26.0, 14.2.

Ethyl (E)-3-hydroxy-5,9-dimethyldeca-4,8-dienoate
(3y): Yield: 82% (98.4 mg), colourless oil. '"H NMR (400
MHz, CDCl;) o: 5.21 (d, J=8.6 Hz, 1H), 5.13~5.03 (m,
1H), 4.77 (qd, J=9.0, 4.1 Hz, 1H), 4.16 (q, J=7.1 Hz,
2H), 2.94~2.59 (m, 1H), 2.56~2.41 (m, 2H), 2.09 (dt,
J=13.6, 6.0 Hz, 3H), 2.02~1.96 (m, 1H), 1.73~1.66 (m,
6H), 1.59 (d, J=3.5 Hz, 3H), 1.26 (t, J=7.0 Hz, 3H); "°C
NMR (100 MHz, CDCl;) d: 172.5, 172.5, 139.5, 139.3,
132.37, 131.7, 126.5, 125.5, 123.8, 123.8, 65.1, 64.8, 60.7,
60.6, 41.9, 41.8, 39.4, 324, 26.4, 26.3, 25.7, 23.3, 17.7,
17.7,16.6, 14.2.

Ethyl 3-hydroxy-3-phenylbutanoate (5a):*% Yield: 72%
(74.9 mg), colourless oil. "H NMR (400 MHz, CDCl;) o:
7.48 (dd, J=5.2, 3.4 Hz, 2H), 7.35 (dd, /=104, 4.9 Hz,
2H), 7.28~7.23 (m, 1H), 4.44 (s, 1H), 4.07 (q, J=7.1 Hz,
2H), 3.00 (d, J/=15.8 Hz, 1H), 2.81 (d, J=15.8 Hz, 1H),
1.57 (s, 3H), 1.15 (t, J=7.1 Hz, 3H); *C NMR (100 MHz,
CDCly) o: 172.7, 146.9, 128.2, 126.9, 124.5, 72.8, 60.7,
46.5,30.7, 14.0.

Ethyl 3-hydroxy-3-(p-tolyl)butanoate (5b):*¥  Yield:
66% (73.3 mg), colourless oil. '"H NMR (400 MHz,
CDCly) o: 7.36 (d, J=8.2 Hz, 2H), 7.17 (d, J=28.1 Hz,
2H), 4.38 (s, 1H), 4.09 (qt, J=4.9, 2.6 Hz, 2H), 2.99 (d,
J=15.9 Hz, 1H), 2.80 (d, /=15.9 Hz, 1H), 2.35 (s, 3H),
1.55 (s, 3H), 1.17 (t, J=7.1 Hz, 3H); *C NMR (100 MHz,
CDCly) o: 172.8, 144.0, 136.4, 128.9, 124.4, 72.7, 60.7,
46.5,30.8, 21.0, 14.0.

Ethyl 3-hydroxy-3-(4-(trifluoromethyl)phenyl)butanoate
(5¢): Yield: 60% (82.8 mg), colourless oil. '"H NMR (400
MHz, CDCly) d: 7.64~7.54 (m, 4H), 4.56 (s, 1H), 4.08 (q,
J=7.1 Hz, 2H), 2.99 (d, J/=16.1 Hz, 1H), 2.83 (d, J/=16.1
Hz, 1H), 1.55 (s, 3H), 1.15 (t, J=7.1 Hz, 3H); “C NMR
(100 MHz, CDCly) o: 172.5, 151.0, 129.1 (q, J=32 Hz),
125.2 (q, J=41 Hz), 125.0, 123.2 (q, /=270 Hz), 72.65,
60.97, 46.05, 30.54, 13.92.

Ethyl 3-hydroxy-3-(naphthalen-2-yl)butanoate (5d):"°"
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Yield: 62% (80.0 mg), colourless oil. 'H NMR (400 MHz,
CDCly) d: 7.98 (d, J=1.3 Hz, 1H), 7.86 (dt, J=5.7, 2.6
Hz, 3H), 7.59 (dd, J=8.6, 1.9 Hz, 1H), 7.53~7.46 (m,
2H), 4.61 (s, 1H), 4.07 (qd, J=7.1, 3.5 Hz, 2H), 3.13 (d,
J=15.9 Hz, 1H), 2.91 (d, J=15.9 Hz, 1H), 1.66 (s, 3H),
1.13 (t, J=7.1 Hz, 3H); *C NMR (100 MHz, CDCl;) ¢:
172.8, 144.3, 133.2, 132.4, 1282, 128.0, 127.5, 126.1,
125.8, 123.19, 123.1, 73.0, 60.8, 46.3, 30.7, 14.0.

Supporting Information 'H NMR and '"C NMR
spectra of compounds 3a~3y and Sa~5d. The Supporting
Information is available free of charge via the Internet at
http://sioc-journal.cn/.
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