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Sonochemical Refonmatsky reaction of aldehvdes or ketones with ethyl bromoacetate in the presence of indium
afforded B-hvdroxyesters in good to excellent vields under mild conditions. 2- or 3-Hydroxybenzaldehyde that
contains an acidic hvdrogen reacted with ethyvl bromoacetate to provide the desired compounds with the same
efficiency. In the case of ethvl 2-bromopropanoate and ethyl 2-bromo-2-methyIpropanocate, the desired
products were obtained in good vields. Reaction of aldehyde with indium reagent in the presence of ketone

group proceeded chemoselectively.
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Introduction

The Reformatsky reaction. which is regarded as one of the
most fundamental reactions in C-C bond (ormations. is the
rcaction of a carbonyl compound with an ¢-halocster in the
presence of zing metal to furnish fB-hvdroxyesters.! The
products arc onc of th¢ most important intcrimediales in
organic svnthesis.” Recently. scveral modificd Relormatsky
reactions using other metals have been reported.* Also. the
scope of the Reformatsky reaction has been extended with
special techmiques for the activation ol the metal (e.g. lor
removal of the oxide laver. and the preparation of fincly
dispersed metal).” The activation of zin¢ by trcatment with
iodine or dibromomcthane. or washing with dilutc hvdro-
chloric acid prior (o use. 15 only modcralcly successlul in the
most known procedurcs. Much more cilcetive protocol is the
usc of special alloys - e.2. Zn-Cu couple. or the reduction of
zin¢ halides usimg potassium (the so-called Ricke procedure™)
or potassium graphilc.” Although the application of ultra-
sound has been reporied for zine metal. promoters such as
iodinc and potassium iodidc were needed sometimes (o
obtain the desired products in good viclds.” Our interests in
extending the scope of the Reformatsky rcaction and sub-
scquent application of mdium mctal 0 modem organic
synthesis” have led us to investigate indium mediated Refor-
matsky rcaction. As part ol our continuing c(Tort to cxpand
the synthetic ulilty of indium. we now report a sono-
chemical Reformatsky reaction by the reaction of aldchydes
or ketones with cthy 1 bromoacctale in the presence of indium
(Scheme D).
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TThis paper is dedicated to the deceased Protessor Sang Chul Shim
for s outstainding achievements in organic chenustry.

Results and Discussion

To [ind optimum conditions lor sonochemical Reformatsky
rcaction using indium. initially benzaldchyde reacted with
cthyl bromoacctate in the presence of indium in various
solvents, The results are summarized in Table 1. Among the
several solvents tested. THF gave the best results in terms off
conversion and reaction time. The reaction of benzaldehy de
with cthy] bromoacctate in the presence of indium in THF
alTorded cthyl 3-hydroxy-3-phenylpropanoate in 97% vicld
(entry 3). Sonication was carricd out at room tcmperature in
a Fisher Scientific ultrasonic cleancr bath. which delivered a
43 kHz wave. with a fixed clectrical power of 4335 Watts,
Howcever. the vields were decrcased in other solvents under
the identical conditions despite longer reaction time. Sono-
chemical reaction condition was superior to stirring condi-
tion. In the absence of sonic waves. the reaction occurred
much more slowly (17 h) and the yicld of the S-hydroxyester

Table 1. Lxamination of oplimum condition of Reformatsky
reaction

0 o
In
Ph)j\H v Br\)kOEt

solvent

OH O

Ph)\/u\OEt

Entry Solvent Tume (h) Tsolated vield (%)
1 DMF 8 0
2 DMF 4 22
3 THF 8 38
4 THF 17 70
3 THF 2 97
6 THF 2 97
7 wel-TIIF 4 78
8 H-0 19 0
v H-0 4 v
10 TTIE/ALO? 16 0
11 TTEALO? 9 o
12 TIHEALOY 9 o
13 MeOH/MHC! 17 0

“The reaction mixture was stirred (rpni: --900) unless otherwise nated.
*THF was not dried. “THF : H:O - 1: 1. “I'HF : H-O0 -9 1. “MeOH :
HCI = 1 - 4. Ulrasonic imadiation. fFthyl iadoacetate was used.
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Table 2. Preparation ot Bhvdroxvesters by In-mediated reactions
of cabonyl compounds
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Table 2. Contuued
. Carbornl . | [solated vield
Entry ar 11_\. 1ume (h) Products "Oq:‘ ;‘,le
compounds (%a)
(0] OH O
O O
15 WA 25 ) OEt 15 85
[e] OH O
S S
16 W H 25 v ) OEt 16 90
(0] OH O
7 oAy 28 g A Ay v @
(@] OH O
18 3 18 73
M MOH
Q OH O
19 é 35 O\)]\OEt 19 82
)OJ\ OH ©
20 Ph™ “CH, 3 PhMOEt 2 igb
(0] OH O
21 (p-Me)Ph/U\CH3 35 (p-Me)PhMOEt 21 88

“Sonications were carried out al room emperature in a Fisher Scientilic
ultrasonic cleaner bath, which delivered a 43 kllz wave. with a fixed
clectrical power of 433 Watts. "Sonic wave was not uscd.

was only 70% (entry 4). Rate per minute (rpm) for stirring
conditions was cea. 900. Ethy] iodoacctate gave the sinmlar
result Lo cthyl bromoacctate (entry 6). Also. organoindium
rcagent gencrated in situ from the reaction of | ¢quiv of
indium with 1.3 cquiv of cthyl bromoacctate gave the best
result. The use of indium Iess than | cquiv and cthyl
bromoacetate less than 1.3 equiv resulted in sluggish
reaction and gave lower vields as well as longer reaction
time.

Table 2 summarized the experimental results and illustrates
the efficiency and scope of the present inethod. In the case of
aliphatic aldehvdes, the reaction afforded the desired
compounds in excellent vields (entries [~3). For the
aromatic aldehvdes, the presence of various substituents,
e.g. methyl (entrv 7). chloro {(entry 8). bromo (entry 9),
monomethoxy (entry 10), dimethoxy (entry 11). or nitro
(entrv 12) on the aromatic ring showed little effects on the
efficiency of the reactions. It should be mentioned that 2- or

o]

PN

H

OH O

22

Ph OEt

OH ©
)OL \j’\ In / THF
+ B _—
ROR T I Tho T R OB
. Carbonyl | . ) Isolated vield
Lntn - Lime () Products 0/ ¢
: compounds (%o
0 OH O
/\)J\H OEt
o] OH O
2 . /\)\)J\ 93
Ph/\)J\H 3% by OFt 2
3 o 4 M9 89
3
PhQJ\H Ph\MOEt
0 OH O
4 \HJ\H 2.5 NOH 4 91
o] OH ©
5 O)LH ) OEt 5 2
o] OH O
6 Ph” “H 2 Ph)\/U\OEt 6 97
o] OH O
7 (4—Me)Ph)LH 2.5 (4-Me)PhMOEt 7 92
o] OH O
8 (4-CI)PhJ\H 2 (4-CI)Ph)\/U\OEt 8 o
0 OH O
9 (3-BnPh” H 3 (3-Br)Ph)\/U\OEt 9 91
0 OH O
10 (4_Meo)ph)J\H 25 (4-MeO)Ph)\)J\OEt 10 90
o] OH O
1 2,6-(MeO)ZPh/U\H 2 2,6-(MeO)2Ph)\)J\OEt 11 80
o) OH O
12 (2-N02)Ph)J\H 25 (2-N02)Ph)\/U\OEt 12 85
0 OH O
13 (2-HO)Ph)J\H 2 (2-HO)Ph)\/”\OEt 13
0 OH O
14 (3—HO)Ph)J\H 25 (2-H0)Ph)\/lk0Et v e
OH O
23 In
Ph OEt o Ph
Br.
82% 7<U\OEt

76%(dr = 2.5:1)

Scheme 2
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3-hyvdroxybenzaldehyde that contains an acidic hydrogen
rcacted with cthyl bromoacctate 1o provide the desired
compounds 13 and 14 in 93% and 92% vields. respectively.
(entrics 13 and 14). In the case of 2-furaldchyde and 2-
thiophenccarboxaldehyde. S-hydroxy esters were obtained in
good yviclds (entrics 15 and 16). Cinnamaldchyvde was
trcated with cthyl bromoacctate to produce the desired
compound in 93% vicld (entry 17). The protocol developed
here was also applicd to reactions with ketone. For example.
acctone and cyclohexanone reacted with cthyl bromoacetate
to produce the desired compounds in 73% and 82% vields.
respectively (entrics 18 and 19). For the aromatic ketones.
the treatment of acctophenone (entry 20) and p-mcthoxy-
acctophenone (entny 21) with cthy] bromoacetatc gave the -
hydroxyesters 200 and 21 in 90% and 88% viclds.
respectively. However, indium-promoted reaction of acclo-
phenone with cthyl bromoaccetate gave f-hydroxyester 200 in
40% vicld without sonic wave. The sonicaled mixture of
zing. cthyl bromoacctate. and acclophenone gave no addition
product in the absence of iodine.”

In the casc of alkyl substituted cthy]l bromoacetalc. the
desired products were oblained in good (o excellent yiclds
(Scheme 2). Benvaldehvde reacted with cthyl 2-bromopro-
pancatc and cthyl 2-bromo-2-methy Ipropanoalc in the pres-
cnce of indium Lo give F-hydroxyesters 22 and 23 in 76% (dr
= 2.5 Iyand 82% viclds. respectively.

To ivestigate chemoselectivity of aldchyde and kelone
group. the mixturc of benvaldchyvde and acclophenone was
trcated with cthyl bromoacetate and indium (o produce
sclectively cthvl 3-hvdroxy-3-phenylpropanoate (6) as major
compeund. The results are summarized in Table 3.

In summary. sonochcmical Reformatsky reaction using
indium aflorded fH-hydroxyesters in high viclds. There arc
scveral advantages of (he mcthod such as (a) the organo-
indium compound was preparcd and uscd in situ: (b) it has a
widc application for clongation ol carbon chains: (¢) in
companson 1o the use of zinc and tin. the rcaction with
indium was not required any promoter {iodine or potassium
iodide). (d) the organoindium intermediates did not react
with themselves in normal conditions: (e) It should be men-

Table 3. Compeitition reaction of benzaldehyde and acctophenone

0 O O THF
+ + + In ——=
A I e w
a b ¢ d  2p
OH O OH O
Ph)\)J\OEl' + Ph/i\)J\OEt
6 20
Equiv of reactants G.C ratio
Fntry
’ a b c d 6 20
1 1.0 1.0 1.5 1.0 42 1
2 1.0 1.0 1.0 1.0 237 1
3 50 S0 1.5 1.0 101 1
4 S0 S0 1.0 1.0 101 1
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tioned that 2- or 3-hvdroxybenzaldchvde that contains an
acidic hydrogen reacted with cthyvl bromoacctate to provide
the desired compounds with the same cllicicney: and (1)
rcaction of aldchyde with indium rcagent in the presence of
ketone group proceeded chemosclectively. The present method
complements the existing synthetic methods of S-hydroxy-
cster because of mild reaction condition and advantages of
indium metal with regard to casy handling. high rcactivity
and sclectivity. low toxicity. and opcrational simplicity.

Experimental Section

The 'H NMR and “C NMR spectra were recorded on
Brucker 1FS 48 (400 MHz) spectrometer. Proton chemical
shilts (& were reported in ppm downficld [rom tetramethyl-
silanc (TMS). and °C resonances were recorded using the
77.0 ppm CDCl; resonance peak of the solvent as internal
relerence. Fourier transform infrarcd (FTIR) spectra were
recorded on a JASCO [R 100 spectrophotometer. Mass spectra
were obtained on a Autospee. M363 scrics. Column chromato-
graphy was performed on silica gel (Merck. 230-400 mcsh).
The gas chromatograms were obtained on HP 5890.

Typical procedure for indium-mediated sonochemical
Reformatsky reaction: Ethyl 3-hydroxy-3-phenylpropa-
noate (6). To a solution of indium [indium powder (99.99%)
purchascd from Aldrich Chem Co.: 38.0 mg. 0.5 mmol| in
THF (1.0 mL) was added cthyl bromoacctate (125.0 mg.
(.75 mmol) and then benvzaldehyde (33.0 mg. 0.5 mmol)
under nitrogen at room (cmperature. After sonicating in a
Fisher Scientific ultrasonic cleancr bath. which delivered a
43 kHz wave with a fixed clectrical power of 433 Watts for 2
hr. the reaction mixture was quenched with saturated aque-
ous NaHCOj; solution. The aqucous layer was extracted with
cther (3 x 23 mL) and the combined organic layers were
washed with water (20 mL) and bring (20 mL) and dricd
with MgSQ,. filtered and concentracted it verctio, The residue
was purificd by silica gel chromatography (hexance ;| EtQAc
=35:1) leading to ethy] 3-hydroxy-3-phenyIpropanoate (94.0
mg. 97%). '"H NMR (200 MHz. CDCl;) § 7.4-7.25 (5H. m).
514 (lH. q.J=4.0Hz). 4.19 (2H. q. /=720 Hz). 3. 14 (1H.
brs). 2.83-2.64 (2H. m). 1.26 (3H.t.J = 7.00 Hz): "'C NMR
(30 MHz. CDCl3) 8 172.64. 142,62, 128.69. 127.94. 125 81.
70.40. 61.02, 4341, 14.23; IR (film) 3460, 2980. 1720.
1490. 1450, 1393, 1370, 1295, 1260 cm™: MS (CI) caled for
C(H:0: [M+H]™ 1935. found (95.

Ethyl 3-hydroxyhexanoate (1) 'H NMR (400 MHz.
CDCl;) 64.17 2H. q.J = 7.15 Hz). 4.02 (IH. m). 3.01 (1H,
d. J=3.69 Hz). 249 (IH. dd.J=3.32. 3.16 Hz). 2.39 (1H.
dd. J=893.893 Hz). 1.25-1.33 4H. m). 127 GH. . J =
7.20 Hz). 093 (3H. t. J = 6.99 Hz): "*C NMR (100 MHz.
CDCl3) 8 173.13. 67.77. 60.67. 41.38. 38.68. 18.69. 14.19.
13.97: IR (film) 3480. 3030. 2960, 1720, 1260 cm™: MS
(CI) calcd for CsH70x [M+H]™ 161. found 161.

Ethyl 3-hydroxy-S-phenylpentanoate (2) 'H NMR (400
MHz. CDCly) & 7.30-7.23 (m. 2H). 7.21-7.16 (m. 3H). 4.17
(q.J=7.15Hz 2H). 4.02 (m. 1H). 3.07 (d.J =3.96 Hz. 1H).
282-2.78 (m. 1H). 2.73-2.68 (m. 2H). 1.89-1.82 (. 1H).
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1.75-1.72 (m. 1H). 1.26 (1./ = 7.08 Hz. 3H): °C NMR (100
MHz. CDCl5) & 174.19. 14291, 129.63. 12939, 127.06.
O68.38. 61.90. 4246, 39.28. 3293. 15334: IR (film) 3420,
2920, 1710. 1600, 1490. 14435, 1360. 1295, 1245 cm™: MS
(C]) caled for C3H 505 [M+HJ] 223, found 223.

Ethyl 3-hydroxy-4-phenylbutanoate (3) 'H NMR (400
MHz. CDCls) & 7.30 (m. 2H). 7.22 (m. 3H). 4.26 (m. 1H).
4.13 (.. =4.73 Hz. 2H). 298 (d../ = 3.86 Hz. 1 H). 2.85 (q.
J =689 Hz. 1H) 2.76 (q../ = 6.56 Hz, 1H). 2.39-2.25 (m.
2H). 1.25 (.. = 7.16 Hz. 3H): '*C NMR (100 MHz. CDCly)
6 17271, 137.71. 12945, 128.533. 126.60. 69.05. 60.71,
42 .93.40.3534, 14.16: IR (film) 3420. 2970, 2920. 1720, 1490.
1430, 1370, 1300, 1260 ecm™. MS (C1) caled lor C2H 05
[M+H]' 209. found 209,

Ethyl 3-hydroxy-4-methylpentanoate (4) 'H NMR (400
MHz. CDClz) $4.17 (2H. q../ = 7.14 Hz). 3.78 (1H. m). 3.05
(1H.brs). 2.50 (1H. dd../ = 2.92. 292 Hz). 240 (1H. dd..J =
9.53.9.53 Hz). 1.72 (1H. m). 1.27 (3H. (.. = 7.15 Hx). 0.94
(6H. q..J = 5.99 Hz). *C NMR (100 MHz. CDCl3) 8 173.86.
73.09. 61.03, 38.84. 33.52. 1870, 18.10. 14.52: IR ([ilm)
3440, 2975, 1720, 1470. 1370, 1320, 1270 cm™: MS (CD)
caled for CsHj7Os |[M+H] 161, lound 161,

Ethyl 3-cyclohexyl-3-hydroxypropanoate (5) 'H NMR
(400 MHz. CDCly) §4.17 (2H. ). 3.79-3.75 (1H. m). 2.84
(1H.brs). 2.51 (1H. dd../ = 2.80. 2.86 Hz). 2.4]1 (IH. dd../ =
9.50. 949 Hz). 1.86 (1H. d. .7 = 12.65 Hz). 1.76 (2H. m).
1.66 (2H. d../ = 12.30 Hz). 141-1.11 (OH. m): “C NMR
(100 MHz. CDCLy) & 174.60. 73.17. 61.69. 44.07. 39.59.
2980, 2927, 27.44. 27.18. 27.06. 15.20: IR (film) 3500,
3030, 2980, 2920, 2840, 1720. 1430, 1410, 1370, 1260 cm™":
MS (C[) caled for C | HOs []VH'H]I 201, found 201,

Ethyl 3-hydroxy-3-(p-methylphenyl)propanoate (7) 'H
NMR (400 MHz. CDCl3) 8 7.25 2H. d..J = 8.02 Hz). 7.14
(2H.d../ =795 Hx). 308 (1H. q..J=4.18 Hz). .16 (2H. q.
J=T713Hz).3.1 (IH. brs). 2.77-2.57 (2ZH. m). 2.33 (3H. s).
1.25 (3H. 1.J = 7.14 Hz): “C NMR (100 MHz. CDCly) §
172.80. 140,04, 137.84. 129,538, 126.02. 70.57. 61.21. 43.76.
21.49. 14 534, 1R (film) 3410, 2960, 2900, 1715. 1510. 1440.
1390. 1365. 1290. 1260 cm™: MS (CI) calcd for C2H)70s
[M+H]* 209. found 209.

Ethyl 3-(p-chlorophenyl)-3-hydroxypropanoate (8) 'H
NMR (400 MHz. CDCl3) § 7.31 (4H. s). 5.09 (1H. q. J =
425 Hz). 417 (2H. g. J = 7.12 Hz). 3.22 (1H. br s). 2.68
(2H. m). 123 (3H. t.J = 7.10 Hz): *C NMR (100 MHz.
CDClL) & 172.24. 141.03. 133.45. 128.67. 127.09, 69.62,
61.00. 43.20, 14.13. IR (film) 3400. 2930, 2860. 1693, 1470.
1375, 1350. 1280. 1260, 1240 cm™: MS (CI) caled for
C H4ClO: [M+H] 229. found 229.

Ethyl 3-(z-bromophenyl)-3-hydroxypropanoate (9) 'H
NMR (400 MHz. CDC1y) 6 7.55 (1H. t.J = 1.62 Hz). 7.42-
740 (1H, m). 7.30-7.19 (2H. m). 3.08 (1H. m). 4.18 (2H. q.
J=714Hz). 341 (IH.d.J=333Hz).271 2H. d. /=684
Hz). 1.26 (3H. t.J=7.17 Hz). "C NMR (100 MHz. CDCl;)
6 17223, 144.78. 130.84. 130.12. 128.87. 124.28. 122.67.
6939, 61.04. 43.14. 14.14: IR (film) 3300, 3030. 2980.
1720. 1420, 1260 em™: MS (CI) caled for C; HsBrO;
[M+H]" 273. found 273.
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Ethyl 3-hydroxy-3-(p-methoxyphenyl)propanoate (1)
'H NMR (400 MHz. CDCl3) § 7.30 (2H. d. J = 8.09 Hz).
689 (2H. d. ./ = 849 Hy). 5.08 (IH. t. J = 433 Hz). 4.18
(2H. q.J = 7.14 Hz). 3.79 (3H. 5). 3.20 (1H. br ). 2.78-2.64
(2H. m). 1.23 3H. 1./ = 7.38 Hx): “C NMR (100 MHz.
CDCly) 6 17244 13920, 134.73. 12697, 11391, 6997,
60.83. 3529, 4333, 14.16: [R (film) 34530, 2970. 2830,
1715, 1600, 1500, 1460, 1365. 1293. 1240 cm™: MS (Cl)
caled for CpoH 704 |M+H| 255, found 235.

Ethyl 3-hyvdroxy-3-(2,6-dimethoxyphenyl)propanoate
(11) "H NMR (400 MHz. CDCl3) § 7.19 (1H. t../ = 8.34 Hz).
6.36 2H. d. /=841 Hz). 566 (1H. dd. /=421, 431 Hx).
416 (2H. q.J = 7.14 Hz). 3.84 (6H. 5). 3.35 (I H. br s). 2.99
(1H. dd../=987.991 Hv). 265 (1H. dd. ./ =425 436 Hx).
1.26 (3H. t../ = 7.1 Hz): “C NMR (100 MHz CDCly) §
172.01. 138.07. 129.30. 118.40. 104.39. 64.94. 60.79_. 56.10.
42,74, 14.60. IR (film) 33525, 2960, 2920, 2820, 1720.
1380, 1460. 1365. 1260 cm™: MS (CI) caled for C3H, 505
[M+H] 235, found 233.

Ethyl 3-hydroxy-3-(e-nitrophenyl)propanoate (12) 'H
NMR (400 MHz. CDCl3) § 7.95 (dd../ = 0.95. 1.15 Hz 1H).
789 (dd..J=0.76. 0.66 Hz. 1H). 7.67 (m. L H). 7.44 (m. |H).
5.66(d../=937Hz IH). 4.2 (q../=7.14 Hz. 2H). 3.86 (d. ./
=2.59 Hz. 1H). 2.96 (dd.J = 2.76. 2.76 Hz. 1H). 2.66 (dd. .J
=94, 936 Hz IH). 1.27 (t.J = 7.12 Hz 3H): “C NMR
(100 MHz. CDCIl3) 8 172.66. 147.73. 138.5. 134.16. 128.83.
128,54, 12483, 6633, 61.5. 42.78. 14.49: IR (film) 3420,
2960, 1700, 1300, 1320, 1280. 1250 cm™": MS (CI) caled for
C1HisNOs [M+H]| 240, found 240,

Ethyl 3-hydroxy-3-(o-hydroxyphenyl)propanoate (13)
"H NMR (400 MHz. CDCl3) § 7.18 (1H. m). 6.98 (1H. dd../
=143, 143 Hr). 6.88-6.81 (2H. m). 5.27 (IH. dd. J = 3.06.
3.06 Hz). 421 2H. q../=7.14 Hz). 295 (1H. dd../ = 10.27.
10.25 Hr). 2.72 (IH. dd..J = 3.16.3.11 Hz). 1.28 (3H. 1./ =
7.15 Hz): °C NMR (100 MHz. CDCly) 8 173.08. 155.66.
12932, 126.66. 12531, 11997, 11748, 71 48. 61.28. 40,95,
1411 IR (film) 3370, 2980, 1700, 1610, 1490, 1430, 1370,
1330. 1220 cm™: MS (CI) caled for C((Hs0s [M+H]" 211,
found 21 1.

Ethyl 3-hydroxy-3-(m-hydroxyphenyl)propanoate (14)
'H NMR (400 MHz. CDCl3) § 7.15 (LH. t. J = 7.8 Hz). 6.83
(IH.d./J=7.08Hz). 6.73 (2H. m). 3.03 3H. q.J =432 Hz,
H-3). 414 2H.q.J=7.13 Hz). 2.72 (1H. dd. J=9.02.9.02
Hz). 2.65 (1H. dd. J=395. 394 Hz). 123 GH. t J = 7.13
Hz): "C NMR (100 MHz. CDCl3) § 172.64. 136.18. 143.96.
129.81, 117.74. 1153.10. 112.77. 70.38, 61.15. 43.18. 14.07:
IR (film) 3380. 3030, 2980, 1720. 1600. 1430, 1420, 1250
cm™': MS (CI) caled for C H;:05 [M+H]* 211, found 211.

Ethyl 3-hydroxy-3-(2-furyl)propanoate (15) 'H NMR
(400 MHz. CDC13) 6 7.36 (t. J = 0.89 Hz. LH). 6.33-6.26 (.
2H). 513 (q. J = 4.23 Hz. 1H). 4.18 (q. J = 7.11 Hz 2H).
325 (s. IHY. 2.92-2.79 (m. 2H). 1.26 (t. J = 7.16 Hz. 3H):
“C NMR (100 MHz. CDCL) & 170.29. 133.2. 14.39.
108.62. 104 .65, 62.35. 3933, 38.24. 12.5: IR (film) 3430.
2960. 2920, 1713, 1640, 1300, 1360. 1280. 1240 cm™: MS
(CI) calcd for CoH O [M+H]™ 185. found 185.

Ethyl 3-hydroxy-3-(2-thienyl)propanoate (16) 'H NMR
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(400 MHz. CDCls) § 7.26-7.23 (1H. m). 6.96-6.94 (2H. m).
536 (1H. m). 438 QH. ./ =7.14 Hs). 355 (1H. d./ = 4.27
Hz). 290-2.79 (1H. m). 1.26 (3H. 1./ = 7.2 Hz): *C NMR
(100 MH,. CDCl:) 6 172.32. 146,78, 127.1. 12524 124.03.
066,95, 6139, 43.61. 14.33: MS (CI) caled for CoH;058
[M+H]|' 201, found 201,

Ethyl 3-hydroxy-5-phenyl-4-pentenoate (17) 'H NMR
(400 MHz. CDCl5) & 7.38-7.21 (m. 5H). 6.65 (d. J = 16.04
Hz. TH). 6.22 (dd../=6.12 Hz. 1H). 4.72 (m. 1H). 4.18 (q../
= 7.15 Hz. 2H). 2.95 (s. 1H). 2.68-2.57 (m. 2H). 1.27(1../ =
7.17 Hz 3H). “C NMR (100 MHz. CDCly) § 172.65.
136.85. 131.16. 13037, 12898. 128.21. 126.95. (9.29.
61.27.41.93, 14.59: IR (film) 3400, 2960, 1710, 1490_ 1440,
1380, 1360. 1270, 1230 em™: MS (C)) caled for C3H3:05
[M+H]' 221, found 221,

Ethyl 3-hydroxy-3-methylbutanoate (18) 'H NMR (400
MHz. CDCl5) §4.18 (q. ./ = 7.16 Hz. 2H). 3.6 (5. 1H). 2.48
(s. 2H). 1.3-1.25 (m. 9H): '*C NMR (100 MHz. CDCly) &
173.04. 69.00. 60.64. 4631, 29.14. 14.19: [R (film) 3440,
2960, 2910, 1710, 1370. 1200 ¢cm™: MS (CI) caled for
C7HyO: [M+H|" 147, found 147,

1-Ethoxycarbonylmethylcyelohexanol (19) 'H NMR
(400 MHz. CDCl3) 84.17 (q..J = 7.14 Hz. 2H). 3.44 (5. 1H).
246 (s. 2H). 1.72-1.62 (m. 4H). 1.56-1.47 (m. 1H). 1.46-
132 (m. 4H).1.27 (m. 4H): *C NMR (100 MHz. CDCls) §
17332, 70.31. 60.92. 45.63. 37.80. 23.98. 22.36. 14.56: [R
(film) 3300, 2910, 2830. 1703, 1450, 1370, 1310. 1230
cm™: MS (CI) caled for CyH;sO3 [M+H] 187, found
187.

Ethy] 3-hydroxy-3-phenylbutanoate (20) 'H NMR (400
MHyz. CDCls) § 7.43 (2H. m). 733 (2H. m). 7.25-7.21 (1H.
m). 439 (1H.s). 4053 (2H. q./J=7.13 H»). 288 2H. dd../ =
15.8. 159 Hz). 154 (3H. s). 1.12 (3H. ../ = 7.2 Hz): *C
NMR (100 MHz. CDCly) § 172.72. 146.83. 128 23, 126.84.
124 45, 72.74. 60.73. 4641, 30.66. 13.98: IR (film) 3460,
3020, 2960, 2900, 1690, 1480. 1430, 1360, 1320, 1240 cm™":
MS (C]) caled for C-H ;O [M+H]I 209. found 209,

Ethyl 3-hydroxy-3-(p-methylpheny)propanoate (21) 'H
NMR (400 MHz. CDCl;) & 7.43 (m. 2H). 7.33 (m. 2H).
7.25-7.21 (m. 1H). 4.39 (s. 1H). 4.05 (g.J = 7.13 Hz. 2H).
283 (dd./=158 159Hz 2H). .34 (s. 3H). .12 (t.J=72
Hz. 3H): *C NMR (100 MHz. CDCly) & 172.72. 146.83.
128 23 126.84. 12445, 72.74. 60.73. 46.41. 30.66, 13.98;
IR (film) 3460, 3020. 2960, 2900. 1690, 1480. 1430. 1360,
1320. 1240 cm™ . MS (CI) caled for C)~H ¢Os [M+H]™ 222.
found 222.

Ethyl 3-hyvdroxy-2-methyl-3-phenylpropanoate (22) 'H
NMR (200 MHz. CDC1y) & 7.35 (m. 5H). 5.01 (t. J = 4.63
Hz. 1H). 3.70 (d. /= 11.90 Hz. 3H). 3.01 (m. 1H). 2.82 (m.
1H). 1.11 (d.J = 7.33 Hz. 3H).

3-Hydroxy-2,2,-dimethyl-3-phenylpropanoate (23) 'H
NMR (200 MHz. CDC1:) 6 7.31 (m. 5H). 491 (d. J = 4.27
Hz. 1H). 4.17 (q./=7.01 Hz. 2H). 3.18 (d./=4.17 Hz. 1H).
127 (t.J=7.01 Hz. 3H). 1.13(d. J = 5.19 Hz. 6H).
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