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Abstract
In the nraecence of a catalvtic amonnt of indinm (TTD trichlaride (an‘]a\ (20 mol%). ketene silyl enol
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ethers react quickly with o, B-unsaturated ketones and esters to afford the corresponding Michael adducts in
moderate to good yields. Indium(III) trichloride can be recovered and reused without decrease in yields.
© 1998 Elsevier Science Ltd. All rights reserved.

Keywords: Michael reaction; indium trichloride; neat condition.

Introduction

The development of new methodology for the assembly of complex molecules in water
or neat conditions is one of the most challenging areas in organic synthesis. This is because
reactions of this nature allow the synthesis of complex molecules under environmentally

friendly conditions. In addition, water soluble substrates can be used directly and the

nrotectinon and denratertion of acidic nrotanc can he avoided( 1]
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On the other hand, despite extensive global research effort, most of the organic
reactiong <till have to be carried out in toxic and flammable orocanic solvents. Hence there
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conditionsi31. Recently, the Lewis acid catalyzed variation has also been developed which
allows the reaction to be carried out under pseudo-acidic conditions[4-14]. Although many
Lewis acids have been found to catalyze this reaction, they still have the following
limitiations: (1) It often requires a stoichiometric amount of Lewis acid as promoter. (2)
Acid sensitive compounds such as methyl vinyl ketone is prone to polymerize under these
conditions[13]. (3) Most of these Lewis acids have practical disadvantage such as moisture-

censitivitv and thus the reaction has to be carried out under strict anhvdrous conditionsg (4)
uvxxusslvxl.] SALERE RRIRALD LEAW AWESWLAWIALR JILlU WU Uw VALlivu UUul uililuwil ollivit ullll] UL UWS VUVLINIWLVRLD. 77
Damrtad T atrie antde raraley cshAarvey a2 1t da rancon ~Ff affiriann €7y m~uraw xrasintie asle]l aeeal ot aan
RAeportea i.ewis acias rareily snow a wide range ol Uuu.,u:ux,_y OVer vVarious Ssiiyl €noi etners
and reagents. Therefore, there is still a need for a convenient procedure to promote the
Michael addition reactions of silyl enolethers to o,-unsaturated carbonyl compounds under

neutral conditions.

Recent research from our group has shown that commercially available indium
trichloride (InCl3) is a mild water-tolerant Lewis acid which functions as a highly efficient
catalyst for the Mukaiyama-aldol reactionsi16], Diels-Alder reactions(i71, Aldol type
Mannich reaction[!8] and amine Michael reaction[19] under neat conditions and/or in water.
These reactions can be performed under mild conditions (either neat for water-insoluble
aldehydes or in water for water-soluble aldehydes), and the catalyst, indium trichloride can
be recovered and reused after the reactlons are comoleted The unique features of indium

T ewric arid_madiatad O hond farmatinn reactinne We nracant hare indinm trichlarida ac
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lhatrnea 2 hichlay a Fir1ant ratalyuet far tha rAaninanta adAitinne Af cilul annl athare with v R=
O€iNg 4 nigiy CIIICICHL Cataryst 10T uif CUlJuga aUGliuoils O shiyr CliUr Cullls wiul K,p
unsaturated esters or ketones in the absence of solvent (Scheme 1). Furthermore, the solid
catalyst can be recovered and reused without decrease in yxeld.
O OTMS InCla (20mol%) R" O
n Moie
S v S monemon g T
R R* R R X R

Results and Discussion

The experimental procedure is very simple: silyl enol ethers were added into a
mixture of enones/alkenoates and InCl3. Generally, 1n the presence ol 2U0 mol%% indium
trichloride, the Michael reactions proceeded very smoothly at room temperature or lower
temperature under neat condition. The reactions were clean (except in Table 2, entry 4) and
the corresponding Michael products were obtained in moderate to high yields in all cases.
The results are summarized in Table 1 and 2.
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Tahle 1
Indium Trichloride-Mediated Michae! Reaction of enoinies with sily enol ethers
Entr __Enones Silyl Enol Ethers Conditions Yields%®(Anti/Syn)
8
OTMS
1 m P rt. 1h n
O P t.1h 0
| § 1
2 I 1 InCl3 (20 mol%), r.t,, 1/2 h 67
OTMS
3 I \_/ InCl3 (20 mol%), 0 °C to r.t 32
mH?,
2
(l)TMS
4 h 4 TV AN e 17N s 1/7 L CF (LS. 3
4 i A Ph 1nCr3 (24U moi%), 1.6, i/2 80 (65:3))
3
OTMS
1
5 1 0 rt.1h 0
4
6 H 4 InCl3 (20 mol%), r.t,, 12 h 90 (65:35)b
OTMS
7 1 < InCl3 (20 mol%), 0°C (5h), r.t.(2h) 66
OEt
3
o}
8 é 1 InCl3 (20 mol%), r.t., 1/2 h 60
11
9 1 2 InCl3 (20 mol%), 0°C, 1/2 h 80
10 I 3 InCl3 (20 mol%), r.t., 1/2 h 45 (52:48)b
11 4] 4 InCl3 (20 mol%), r.t., 1/2 h 67 (58:42)b
£AC r27Y, A"\b
04~ (D7:43)
12 1§ 5 InCl13 (20 mol%), 0°C (5h), r.t.(2h) 63
(o]
13 ) 1 InCl3 (20 mol%), r.t., 2 mins 68
N
I
14 11 2 InCl3 (20 mol%), 0 °C(1h) 12
15 111 3 InCis (20 mol%), r.t., 1/2 h 51
16 m 4 InCl3 (20 mol%), -30 °C to r.t. 48
17 111 5 InCl3 (20 mol%), 0°C (1/2h), r.t.(1h) 18
a. Isolated yields.
b. Diastereometic ratic was determined by 'H and/or 13C NMR and the relative stereochemistries of the products have n
assigned.
¢. The yield of 2nd run. InCl; was recovered and reused: after removal of water under reduced pressure, recovered InCl3 was dried in

~ o~

150 °C oven for

r

-~ £ R |
< N DETOTE reusea.



The results in Table 1 show that InCls is such a mild Lewis acid that even acid-

sensitive substrates such as 2-cyclopentenone and methyl vinyl ketone (MVK) can work very
well under the catalysis of InCl3 (Table 1, entries 8 to 17). Because of the high reactivity of
MVK, its reactions with active silyl enol ethers such as 2 and 5 are extremely exothermic
which resulted in lower yields (Table 1, entries 14 and 17). The simple diastereoselectivities

25 IILL AL ailll 223 22225 RAGSRASRSSAS AV i

of these reaction are moderate (Table 1, entries 4, 6, 10 and 11).

Tahle 2

Michael reaction of alkenoates with silyl enol ethers:

Entry Alkenoates Silyl Enol Ethers Conditions Yields(%)2 (Anti/Syn)

O
1 )Lj\ 2 r.t, 1 h 0

EtO
v
2 v 2 InClI3 (20 mol%), r.t., 1/2 h 90
3 Iv 1 InCl3 (20 mol%), r.t., 24 h 64
4 Iv 4 InCl3 (20 mol%), r.t., 15 h 14b (30:70)¢
5 y 2 InCl3 (20 mol%), r.t.,, 17 h 37
EtO )\/\ CFy
A4

a. Isolated yieids.

h. 0.4 mmaol 2- (1-cvrlnmqmr!nl_\.rvrlnnnnmnnnr- was isolated. In this reaction, 1 mmol qlv] enol ether wag added

O &1 2-G5e20 Lyeiopenial was SaCl, 1 LS 18dCil Luivi vas auuca.

c. Diastereomeric ratio was determined by 'H and/or 13C NMR and the stereochemistry of the products has not been assigned.

Michael addition of silyl enol ethers to alkenoates has seldom been reported although
it is the basis of Du Pont’s Group transfer polymerization process (GTP)[20]. From the
results of Table 2, we find that: (1) InCl3 is an efficient catalyst for this reaction too. The

yields are dependent on the reactivity of silyl enol ethers and reagents (For silyl enol ethers:
2>1>4; and IV > V). (2) In the presence of InClz, silyl enol ether 4 reacts with its

decomposed product (cyclopentanone) faster than with the alkenoates which causes much

........ T Ao fateer AN
lUWCl lelUb A\CIILLY ).

The key features of the indium trichloride catalyzed Michael reaction are as follows

(1) In the absence of indium trichloride (Table 1, ntrle 1 and §; Table 2, entry 1), no

AAiahnal me~ndiint 1xrne Ahocarirad 1ndirat 1nn that Tl ntinl fAr tha criprrnce AF thaca
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reactions. (2) In every case, the reactions proceeaea smoormy under extremely mild
conditions (almost neutral) to give the corresponding 1,5-dicarbonyl compounds in good
yields. (3) Strict anhydrous and non-protic conditions were not required, where the neat
condition is found to be the simplest and the most facile. And only catalytic amount of InCl3
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(20 moi%) was required to complete the reaction. (4) Only the 1,4-addition product was
formed and no 1,2-addition product was observed. (5) The diastereoselectivities of the
reactions are moderate (Table 1, entries 4, 6, 10 and 11; Table 2, entry 4). (6) After these
reactions were completed, indium trichloride can be recovered and reused. The yield of 2nd
run using recovered InCl3 is almost comparable to that of 1st run (Table 1, eﬁtry 11). (7)
InCl3 is highly efficient for a wide range of various silyl enolates derived from both esters
and ketones and Michael accentors inclu ding the cyclic enones, acyclic enone

AL AN 8 VALIGLL QLR PV 1ciud L A2 2L

alkennateac
ALK W ARV SAV W LT

vst in a wide ranee of coniugate addition o lethers to

Jy= 11 AL AqlEv 1 LRIGREGIT aliiivn ¢ ANAVAAINVE S L
ennnec/acrvlatee nnder neat conditione Fenecially natewarthy ic that tha mild conditiane
VHVIILG/ GV Y IGLLD UiiuLl LVAL VULIUEUUVLD. 100l y ULl wuiul I3 Al LIV LRRREM CUILIUMVIVRLD
msrelrrad anahla tha Anerirroonta additinem $4 svrma0lr Avrasm svrsela LA . VS S A cse L.
CHIPIUYCU TIdUIC LIC LULJUuEALlC aUuullivll o ULA CVCll it acid sensitive LUlllpUUllUb sucn as

w

methyl vinyl ketone. The experimental procedures are very simple and no special
precaution is necessary. Only catalytic amount of commercially available InCl3 is needed
and it is recoverable. Since Michael reaction has been widely used in modern synthetic
chemistry[21], this newly developed methodology will no doubt find wide applications for
the syntheses of complex molecules. Efforts to apply this methodology for the synthesis of
prostaglandins are ongoing in our group.

ded on Bruker ACF 300 NMR or
AMX 500 NMR MS sepectra were obtained with Hewlett-Packard 5890A gas
chromatograph. HR-mass spectra (EI) were obtained with V.G. Micromass 7035. IR spectra
were measured with a Perkin-Elmer 1600 FTIR spector. Column chromatograghy was
performed on silica gel, Merck grade 60 (40-63 pum particle size). All the solvents were
distilled before use. Silyl enol ethers were prepared according to the references (3 and
5)[22] or purchased from Fluka (1, 2 and 4). Enone I (Fluka) and III (Fluka) were
distilled before use. II (Fluka), IV (Fluka), V (Aldrich) and indium trichloride (Aldrich)

(115 w2V &4 2 =il 2

were purchased and used directly.

General procedure for Michael addition: e.g. (Table 1, entry 2): 2-Cyclohexen-
1-one (48 mg, 48.4 uL, 0. 5 mol) and indium mchlonde (22.1 mg, 0.1 mmol, 20 mol%)
were stirred at r.t. for 15 min and then silyl enol ether 1 (192.3 mg, 1 mmol) was added.
[2 31 TP PENI ,.,."-.»...._- wsx1nce atteead ot vt Far 1/ h and thanm 2 T Aigtillad ywwntar vwiag addad
10c I'Cbl.llllllg € Was SUuirTea at r.u.. 101 1/ 11 anlG uicii O 1L, GiduuCl wali wad aQucd.,
The suspension was stirred at r.t. for 1/2 h, extracted with ethyl acetate and purified in the
usual manner. The corresponding product was obtained in 67 % yield (72 mg) after silica

gel column chromatography.
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According to former reports, some of these Michael adducts are known compounds
and are easily identified by comparison of 1H, 13C NMR, MS and IR data. Data below
corresponds to entries in Table 1.

2: 3-(2- Uxo-z.-pnenyletnyl)cyclonexanonel1‘ mp. 70-72 °C; Rf 0.31 (hexane/ethyl
acetate = 3/1); 1H NMR (CDCI3) 6 7.91-7.88 (m, 2H), 7.55-7.47 (m, 1H), 7.45-7.40 (m,
2H), 3.05-2.76 (m, 2H), 2.52-1.94 (m, 7H), 1.76-1.62 (m,1H), 1.48-1.38 (m,1H); 13C NMR
(CDCl3) 6 210.49, 198.28, 136.85, 133.09, 128.55, 127.91, 47.62, 44.55, 41.10, 34.74,
31.00, 24.79; IR (KBr plate) 1711.0, 1679.9 cm-1; HRMS calcd for C14H1602 216.1150,
found 216.1158.

3: 3-(1-Methoxycarbonyl-1-methylethyl)cyclohexanonel23]: oil; Rf 0.43
(hexane/ethyl acetate = 3/1); lH NMR (CDCI3) & 3.62 (s, 3H), 2.36-1.93 (m, 6H), 1.77-
1.70 (m, 1H), 1.57-1.50 (m, 1H), 1.39-1.30 (m, 1H), 1.11 (s, 3H), 1.09 (s, 3H); 13C NMR
((‘D(’lg) d211 08, 177.21, 51.70, 45.75, 45.14, 43.17, 41 06, 26.24, 24 98, 21. QR 21.66:

IR (KBr plate) 1725.1, 1708.9, 1137.6 cm-1; HRMS
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128.66, 128.08, 45.09, 44.51, 41.20, 41.07, 29.82, 24.96, 14.22; for minor product:
210.65, 203.05, 136.66, 133.10, 128.66, 128.08, 46.20, 44.67, 41.07, 40.95, 27.28, 24.75,
13.81; IR (KBr plate) 1709.9, 1678.2 cm-1; HRMS calcd for C15H1802 230.1307, found

230.1301.

6: 3-(2-Cyclopentanone)cyclohexanone: oil; Rf 0.22 (hexane/ethyl acetate = 3/1); 'H
NMR (CDCl3) § 2.47-1.99 (m, 11H), 1.80-1.45 (m, 5H); 13C NMR (CDClI3) for major
product:§ 219.27, 210.78, 52.95, 44.58, 41.10, 38.81, 38.29, 29.03, 25.92, 25.05, 20.41;
for minor product:6 219.27, 210.78, 53.31, 46.00, 41.10, 38.89, 38.16, 27.38, 25.45,
25.05, 20.41; IR (KBr plate) 1726.6, 1708.6 cm-1; HRMS caled for C11H1602 180.1150,

7: 3-Ethoxycarbonylmethylcyclohexanone: oil; Rf 0.36 (hexane/ethyl acetate = 3/1);
1H NMR (CDCl3) 6 4.12 (q, J = 7.2 Hz, 2H), 2.45-1.38 (m, 9H), 2.29 (d, J = 4.1 Hz, 2H),
1.24 (t, J =7.2Hz, 3H); 13C NMR (CDCl3) § 210.30, 171.63, 60.35, 47.32, 40.95, 40.87,
AL AT ANTE W ET 1A 1N IR (TR nlata) 17798 Q 1700 Q 1185 2 ~m-1- HRNMSQ ~al~d far
3J.4/, AU./0, £44.0/, 14.1V, 1IN \RDI P1dit) 17/20.7, 1/V7.7, 11J55.0 Ll 7, 1iRv1S Laila 1U1
~ Iy ~ 104 1NNN £..---.1 104 1TNOL

U 1016U3 164.1UYY, 10Ud 1064.1U00

O. 2 (™ Nwan nl‘nn-rlnfh‘rl\nnnlnnnnfonnnnr14]' mn AAGAR °C £N AN (heavanelethvul
0. I=\&~UAU-&-puTilyICUYIJUyLIUpUiiLaiiviive 4, LY. UUTUU Uy £y VL.JU (v AQLIU/ VUL L
o tnta — 21N TLT NIRMD (T ST OAT Q1 (v DY T &R T &K (1 1N 784741 (m
acelate = Jo/1), 1 INIVIIN \CDC13) O 7.79-/7.71 UL, &11), 1.90-/7.J0J \lll, i11), [.O%- /.71 Ull,
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iH), 3.18-3.03 (m, 2H), 2.80-1.55 (m, 7H); 13C NMR (CDCI3) 6 218.46, 198.47, 136.80,
133.712, 128.56, 127.86, 44.74, 43.83, 38.17, 32.59, 29.31; IR (KBr plate) 1729.0, 1682.4
cm-1; HRMS calcd for C13H 1402 202.0994, found 202.0995.

9: 3-(1-Methoxycarbonyl-1-methylethyl)cyclopentanonell4]: oil; Rf 0.41
(hexane/ethyl acetate = 3/1); IH NMR (CDCl3) & 3.65 (s, 3H), 2.49-1.94 (m, 6H), 1.68-1.54
(m, 1H), 1.18 (s, 3H), 1.17 (s, 3H); 13C NMR (CDCl3) 6 218.07, 177.10, 51.68, 44.95,
43.71, 40.33, 38.71, 24.31, 22.57, 22.47; IR (KBr plate) 1725.4, 1712.5, 1263.4, 1191.9,
1144.2 cm-1; HRMS calcd for CjoH1603 184.1099, found 184.1128.

10: 3-(1-Methyl-2-o0x0-2-phenylethyl)cyclopentanone: oil; Rf 0.35 (hexane/ethyl
acetate = 3/1); IH NMR (CDCl3) & 7.98-7.92 (m, 2H), 7.61-7.54(m, 1H), 7.51-7.44 (m,
2H), 3.50-3.41 (m, 1H), 2.61-1.43 (m, 7H), 1.27 (d, J = 7.0 Hz, 3Hx0.48), 1.22 (d, J = 7.0

Hz, 3Hx0.52); 13C NMR (CDCIl3) For major product:§ 218.36, 203.27, 136.46, 133.18,

AVIEIN AW 8 PAVR=RYLY £L0.00 PALV D PO SN L ENAY P LY N 3

128.69, 128.13, 45.54, 42.54, 39.86, 38.37, 28.15, 16.63; For minor product: §218.14,
3
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i2: 3-Ethoxycarbonyimethyicyclopentanone: oil; Rf 0.35 (hexane/ethyi acetate = 3/1);
IH NMR (CDCI3) 6 4.12(q, J = 7.1 Hz, 2H), 2.42 (d, J = 4.1 Hz, 2H), 2.61-2.12 (m, 5H),
1.90-1.81 (m, 1H), 1.64-1.48 (m, 1H), 1.23 (t, J = 7.1 Hz, 3H); 13C NMR (CDCl3) &
218.12, 171.86, 60.32, 44.41, 39.56, 38.10, 33.30, 29.01, 14.05; IR (KBr plate) 1736.0,

1190.1, 1158.2, 1029.6 cm-!; HRMS calcd for CgH1403 170.0943, found 170.0938.

13: 1-Phenyl-1,5-hexanedionell4]l: mp. 63-65°C; Rf 0.42 (hexane/ethyl acetate = 3/1);
IH NMR (CDCIl3) 6 7.97-7.95 (m, 2H), 7.56-7.54(m, 1H), 7.48-7.46(m, 2H), 3.02 (t, J =
7.0 Hz, 2H), 2.57 (1, J = 7.0 Hz, 2H), 2.15 (s, 3H), 2.05-2.01 (m, 2H); 13C NMR (CDCl3) é
208.51, 199.78, 136.85, 133.10, 128.63, 128.06, 42.62, 37.42, 29.83, 18.24; IR (KBr plate)
1709.4, 1675.8 cm-1. HRMS caled for C12H1402 190.0994, found 190.0991.

14: Methyl 2,2-dimethyl-5-oxohexanoatell4): oil; Rf 0.41 (hexane/ethyl acetate = 3/1)
IH NMR (CDCI3)5366 (s, 3H), 2.40 (t, /= 8.0 Hz, 2H), 2.14 (s, 3H), 1.80 (t, J = 8.0 Hz,

2H), 1.17 (s, 6H); 13C NMR (CDCl3) 6 208.15, 177.77, 51.71, 41.44, 39.32, 33.79, 29.82,
75 09 TR (KRt nlate) 17267 1712.6. 1195.7. 1137.5 cm-1. HRMS calcd for CoaH 107
LI VL, LIN \AMNUIL PIAW ) LT &UGTy LT 1&Uy 4170 9y 11 « WwiiL voRAaNaYALS ARAVG AVA NeTaAx NV D
amA 1NANN O .1 17y 1118
1/72.1U9Y, TOUNA 1/4.1110.



i5: 2-Methyi-i-phenyi-1,5-hexanedione: oil; Rf 0.50 (hexane/ethyl acetate = 3/1); 1H
NMR (CDCi3) é 7.98-7.96 (m, 2H), 7.58-7.55 (m, 1H), 7.49-7.46 (m, 2H), 3.59-3.52 (m,
1H), 2.56-2.49 (m, 1H), 2.43-2.37 (m, 1H), 2.10 (s, 3H), 2.12-2.05 (m, 1H), 1.79-1.72 (m,
1H), 1.20 (d, J = 6.9 Hz, 3H); 13C NMR (CDCl3) 6 208.42, 203.82, 136.43, 133.08, 128.72,
128.34, 40.84, 39.49, 29.95, 27.14, 17.50; IR (KBr plate) 1712.1, 1678.3 cm-1; HRMS
calcd for C13H1602 204.1150, found 204.1148.

16: 2-(3-Oxobutyl)cyclopentanonell4l: oil; Rf 0.23 (hexane/ethyl acetate = 3/1); 1H
NMR (CDCl3) é 2.61-2.46 (m, 2H), 2.33-1.42 (m, 9H), 2.12 (s, 3H); 13C NMR (CDCl3) &
220.75, 208.36, 47.87, 41.07, 37.96, 29.76, 29.66, 23.58, 20.50; IR (KBr plate) 1722.2,
1710.7 cm-1; HRMS calcd for CgH1402 154.0994, found 154.1000.

,,,,, el VL 9111 \J 7 4 Audiive 1J

17: Ethyl 5-oxohexanoate: oil; Rf 0.35 (hexane/ethyl acetate = 3/1); IH NMR (CDCl3)
04.12 (g, J = 7.2 Hz, 2H), 2.50 (t, J = 7.2 Hz, 2H), 2.32 (t, J = 7.2 Hz, 2H), 214(s 3H),

1.93-1.84 (m, 2H), 1.25 (t, J = 7.2 Hz, 3H); 13C NMR (CDCl3) § 207.90, 173.04, 60.22,
4727 26 314 2077 1270 1400 TR (KRr nlate) 172785 171721 115864 Q ~m-1: LIRNC
24.90, 35.17, &47.7/1, 10.77, 15.U7, 1IN \QADI P1diC) 1/747.0, 1/14.1, 1120.7 CIi™*] riInivid
calad far 1T, N~ 182 NAAT Fanind 182 NQRD
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2: 5-Ethyl-1-methyl-2,2,3-trimethyl-1,5-pentanedioate: oil; Rf 0.65 (hexane/ethyl
acetate = 6/1); lH NMR (CDCl3) § 4.13 (q, J = 7.1 Hz, 2H), 3.66 (s, 3H), 2.40-2.28 (m,
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3: Ethyl 3-methyi-5-oxo0-5-phenyivalerate: oil; Rf 0.54 (hexane/ethyl acetate = 6/1);
TH NMR (CDCl3) 6 7.98-7.95 (m, 2H), 7.59-7.43 (m, 3H), 4.13 (q, J = 7.1 Hz, 2H), 3.11
(dd, J = 5.8, 16.1 Hz, 1H), 2.83 (dd, J = 7.6, 16.1 Hz, 1H), 2.71-2.64 (m, 1H), 2.42 (dd, J =
6.6, 15.2 Hz, 1H), 2.30 (dd, J = 7.0, 15.2 Hz, 1H), 1.25 (t, /= 7.1 Hz, 3H), 1.05 (d, J = 6.6
Hz, 3H); 13C NMR (CDCl3) § 199.14, 172.43, 136.99, 132.91, 128.47, 128.01, 60.15,
44.75, 41.07, 26.80, 19.97, 14.12; IR (KBr plate) 1731.4, 1682.2 cm-1; HRMS calcd. for
C14H18013 234.1256, found 234.1251.

4: 2-(2-Ethoxycarbonyl-1-methylethyl)cyclopentanone: oil; Rf 0.40 (hexane/ethyl
acetate = 6/1); 'lH NMR (CDCl3) § 4.15-4.06 (m, 2H), 2.52-1.62 (m, 10H), 1.27-1.21 (m,
3H), 1.01 (d, J = 6.8 Hz, 3Hx0.7), 0.85 (d, J = 6.8 Hz, 3Hx0.3); 13C NMR (CDCl3) é
maior product: 219.78, 172.71, 60.15, 53.43, 39.07, 38.46, 29.70, 26.08, 20.45, 17.57,

pl{JUu\;L Lwd AW T NI e hafg wfiafe Tady T Aed i Ak AT NN Ty AiNi

.09; minor product: 219.90, 172.50, 60.15, 52.85, 39.82, 38.86, 29.43, 24.72, 20.33,
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16.22, 14.95; IR (KBr plate) 1735.3 cm-1; HRMS calcd. for C11H1g03 198.1256, found
198.1245.

5: 5-Ethyl-1-methyl-2,2-dimethyl-3-trifloromethyl-1,5-pentanedioate: oil; Rf
0.51 (hexane/ethyl acetate = 6/1); 1TH NMR (CDCl3) § 4.17 (q, J = 7.1 Hz, 2H), 3.70 (s,
3H), 3.57-3.49 (m, 1H), 2.54 (dd, J = 17.1, 6.3 Hz, 1H), 2.43 (dd, J = 17.1, 5.3 Hz, 1H),
1.26 (t, J = 7.1Hz, 3H), 1.20 (s, 6H); 13C NMR (CDCl3) § 176.13, 171.06, 61.25, 52.35,
45.61 (q, J = 25 Hz), 43.18, 30.57, 30.54, 23.94, 20.95, 14.06; IR (KBr plate) 1738.5 cm-!
HRMS (M C11H1704F3): calcd. for C1gH1403F3+ [(M-CH20)*] 239.0895, found 239.08 9

| S e

(8); calcd. for CgH1203F3+ [(M-C2H50)+] 225.0739, found 225.0738 (29).

Entry 4 (side-product): 2-(1-Cyclopentanol)cyclopentanone: oil; Rf 0.21 h exane/ethyl
acetate = 6/1); |H NMR (CDCl3) & 3.25 (s, 1H), 2.40-1.51 (m, 15H); 13(_‘ NMR (CDCl3) 8§
222.49, 82.23, 56.73, 39.14, 38.51,36.26, 26.25, 23.68, 23.48, 20.20; IR (KBr plate)
17790 8§ 11844 001 2 prm-1- HIRMGQ nalad foar i nld - Ns 160 118N fanind. 142 11872
Lied. 3, 1159.5, 71.5 CI7 7, sanavad CaiCa. 10T Li(r1jow2Z 100113y, I0UNG: 100.1155.
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