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Abstract: A simple and practical preparation of a-trifluoromethylated alcohols in water via indium-mediated allylation reaction and
tin-mediated indium trichloride-promoted allylation reaction of trifluoroacetaldehyde hydrate and its ethyl hemiacetal is described in this

paper. @ 1999 Elsevier Science Lid. All rights reserved.
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Introduction

Organofluorine compounds have attracted great interest among organic chemists during the last few
decades.! Their unique physical, chemical and physiological properties have made them applicable to various
fields such as analytical chemistry, medicinal chemistry, agricultural chemistry and biochemistry. The synthesis
of trifluoromethylated alcohols is an important aspect of organofluorine chemistry. In principle, nucleophilic
addition organometallics to trifluoroacetaldehyde with should provide easy entry into various trifluoromethylated
hydroxy compounds.2 However, this is hindered by the exceptionally high electrophilicity of the CF;

functionality in trifluoroacetaldehyde, resulting in a rather unstable and volatile compound that prefers to exist as
R e siable hvdrate form. Trnifluoroacetaldehvde is thus commercially avai lahla no tha athul haminaata] faem
e More >Savic nyu.mtc 1Ofm. luuuuxuw.;ctalucuyuc IS uius \,Ulluucluau_y avaiiaoie as tn ety nemiacetal 10

which limits its use in most synthetic approaches as most of the organometailic reactions have to be carried out
under stringent anhydrous, non-protic conditions and is further complicated by the fact that the corresponding
aldehyde which can be generated by dehydration is as mentioned unstable in nature. This research overcomes
some of these problems and describes two easy approaches to various trifluoromethyl homoallylic alcohols by the
reaction of the trifluoroacetaldehyde hydrate or commercially available trifluoroacetaldehyde ethy! hemiacetal’
with allylic indium? in water (eq. 1).5

OH R"

OR In or Sn/InClg /’\/&
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1 + R “\F‘(\B’ s CFa (eq. 1)
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indium-Mediated Allylation Reaction of Trifluoroacetaldehyde Hydrate. As reported before,® the
hydrate form of aldehydes such as glyoxylic acid can directly undergo tin- or indium-mediated allylation reactions
in aqueous media under certain conditions. Furthermore, trifluoroacetaldehyde prefers to exist in its stable
hydrate form. In connection with our aim to develop a new method for trifluoromethylation in aqueous media, it
is envisaged that trifluoroacetaldehyde hydrate 1 can be used to replace the volatile trifluoroacetaldehyde in the
allylation reaction in aqueous media. Therefore, heating the commercially available trifluoroacetaldehyde ethyl
hemiacetal in acidic conditions produced the gaseous trifluoroacetaldehyde which was trapped by water to afford
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40% for two steps

This trifluoroacetaldehyde hydrate water solution was then used directly in the indium-mediated allylation
reaction (eq. 3). The results are summarized in Table 1.

OH NG in on R
+ R Br CF )Y\ (eq. 3)
CF3” "OH R" H20 3
RV
As expected, this hydrate was found to react with allyl bromide smoothly in the presence of indium
powder to afford the corresponding product in good yield (Table 1, entry 1). Further investigation showed that
mabene B0 lin balidan crsnkh an Armter]l lhenewida and mmaths] D _henmmanma Ty Tatae alon nndaciant thiio e divree
OLIKCI dllyllb HAalIGed >ULGI ad> blUlyl vlulilue atuu 1 lCUlyl = UlUlllUll(Clll)’ yuuc AldL WUIIUCI WL LS HIGIWI-

meﬂld{CO auylauon reacuon UOOO }’ICIGS ana moderaie ulaucreosexecuvmcs WETC omamca (emnes 4, J)
However, the indium-mediated reaction between trifluoroacetaidehyde hydrate and the less reactive allylic halides
such as ethyl bromocrotonate gave a complex mixture of undesirable products (entry 4). Furthermore, no reaction
was observed with 3-bromo-4-bromo-2-butene and 3-bromo-2-methyl-1-butene (entries 6, 8). Addition of
ytterbium triflate does not help in any of these cases (entries 5, 7, 9).

Indium-Mediated Allylation Reaction of Trifluoroacetaldehyde Ethyl Hemiacetal in Water. In
spite of the good resuits obtained using trifluoroacetaldehyde hydrate in the allylation reaction in water, the
trifluoroacetaldehyde hydrate has to be prepared from trifluoroacetaldehyde ethyl hemiacetal as described above.

Furthermore, tnﬂuoroacctaldehyde hydrate is usually obtained in low yield. Thus, a more convenient and

- el ol t i viatwend Tha dleant 1on AF teiflhiymennnnta

economical method is lcquucu The direct use of trifluo Uabcca}deuyd
allylation reaction was attempted. The indium-mediated allylation reaction of trifluoroacetaldehyde ethyl
hemiacetal with allyl bromide was performed at room temperature in water both in the presence and absence of
Lewis acid (eq. 4). The results are listed in Table 2.



T.-P. Loh, X.-R. Li / Tetrahedron 55 (1999) 5611-5622 5613

OEt
CFg/J\O H

+

[ In, LA
- I ———
H,0O

OH
Ja 9
CFg =

Table 1 Indium-Mediated Allylation Reaction of Trifluoroacetaldehyde Hydratea

Entry Halide Conditions Product Yield, %
_ ~(ratio)¢
1 P In, Hy0, 15 h QH 81
CFM
2
R XN"Br R QH COOCH, g
y éOOCHg In, HO, 15 h CE 82
3
H
P AN s T .M 18 h ? 0 7£Q. 1
L R or ik, IivJ, 10 11 CFM FTU{U0.0L)
4
4 cszooc’Av‘Br In, H,0, 15h complex mixture 0
5 CHs00CXBr In, YB(OT); H30,15h  complex mixture 0
6 Xy Br In, H,0, 15h - no reaction
Br
7 Xy"Br In, Yb(OTf); H0, 15h - no reaction
Br
8 YBr In, H,O, 15h - no reaction
(0] vﬂr In (OYTH A A 18 - nA reastinn
7 ] (=] iily, LU\ 213 IiZ2N%, iU 12 YU fval Uit
10 PH "B In, H,0, 15 h - no reaction

a All reactions were carried out on 0.5-1 mmol scale. b. Isolated yield. c. Diastereomeric ratio was determined by IH
NMR and !9F NMR spectroscopic analyses (relative stereochemistry not confirmed).

Surprisingly, these Lewis acids which have been reported as good promoters in most of the allylation

reactions had a negative effect on the reaction of trifluoroacetaldehyde ethyl hemiacetal (Table 2, entries 2, 3).

Next, we carried out the reactions of trifluoroacetaldehyde ethyl hemiacetal with various allylic halides in the

nrecence of indium in water (ea 5)
presence of indium m water (eq, ).
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Table 2 Indium-Mediated Allylation Reaction of Trifluoroacetaldehyde Ethyl Hemiacetal

with Ally] Bromide?
Entry Halide Conditions Product Yield (%)®
~ Br OH
1 OB In, H,0, 15 h PN 95
2
2 Nr In, La(OTf)3 (1 eq.), 2 54
H0, 15h
3 B In, YB(OTf); (1 eq.), 2 43
H,0, 15h

a All reactions were carried out on 0.5-1 mmol scale. b. Isolated yield.

As expected, the reactions using crotyl bromide and methyl-(2-bromomethyl) acrylate occurred smoothly
and afforded the corresponding products in good yields (Table 3). The diastereoselectivity in the indium-mediated
allylation reaction of croty! bromide is almost the same as with the reaction of trifluoroacetaldehyde hydrate (Table
3, entry 3). Furthermore, bromomethyl acrylic acid can be directly used in this allylation reaction. The acid

nctionality did not affect the reaction and the product was obtained in moderate yield (entry 4). It is also

noteworthy that the possible cyclized y-lactone product was not observed.

Table 3 Indium-Mediated Allylation Reaction of Trifluoroacetaldehyde Ethyl

Hemiacetal?
o— EN_S B _ . ) 3. Meern s deand Yield (%)b
nlry namnag COIIGILIVILS I iIUouuLt
(ratio)¢
OH
z A~ I, H0, 15h | 95
’ ’ CFy "X
2
OH COOCHS3
2 e In, H0,15h A A 87
COOCHga oy
OH 80
3 g In, H0,15h | P T
{= 1 * L™ CF(Y* (bb’j:’)
4
OH COOH
4 2 Br In, H,0, 15 h I P 65
CooH ’ Cry™ ™S
-4
Ps

a All reactions were carried out on 0.5-1 mmol scale. b. Isolated yield. c. Diastereomeric ratio was
determined by 'H NMR spectroscopic analysis (relative stereochemistry not confirmed).

on these results, the less reactive allylic halides such as 2-methyl-4-bromo-2-butene, ethyl 4-
AW OMAVIy VAW 2WOW AW J

bromocrotonate, cinnamyl bromide and geranyl bromide were also used in the indium-mediated allylation reaction
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of irifluoroacetaldehyde ethyl hemiacetal in water. Unfortunately, the reactions were generaily compiex and the

desired products were not obtained even in the presence of Lewis acids such as La(OTf); and Yb(OTf)3. Besides,
the change of solvent from water to a mixture of ethanol/water (1:1) in the indium-mediated allylation reaction of
trifluoroacetaldehyde ethyl hemiacetal with unreactive ethyl 4-bromocrotonate also did not afford the desired
product.

Following these investigations, we further studied the allylation reaction of triflucroacetaldehyde ethyl
hemiacetal with an allylic bromide bearing a chiral auxiliary. The (o.-methylbenzyl)-2-methylene-3-bromo-

propanamide 6 was chosen because it can be prepared in optically pure form from commercially available chiral

2y

amine and 2-hromy athvl acrv
ALEAAEN RARING dm AWK Ilvlllvlll)l L

lic acid. The 2-bro nmpthy! ac

iIViiivu

rvlic acid was converted to its acvl chloride usgin
YiIC aC1gd was con yi chlory SIT

G LA S vt 1ts ac

thionyl chloride under refluxing conditions. After removing the excess thionyl chloride in vacuo, the acyl chloride

oy svathollhiamas] ammina Antalyea TRARAAD ¢ s AMJAL—

S v | ¢l D 74N 1n.l\u\’l
Ui n-\r)- O-1T1 leCllLyl. GHUHC \—CILCuyLCU Uy LAviArD w PIW CO UG UGHiIcu \Jllldl

formed in situ was reacted wi
allylic bromide 6 in good yield (eq. 6). Interestingly, if triethylamine was added into the second step to remove
the HCI formed in the reaction, the cyclized B-lactam was obtained.

e
L (7™ Y

3 Ci—8—Ci N
07 0H reflux o”>cl DMAP /l\/\

—

U

~

overall yield 65%

The optically pure (o-methylbenzyl)-2-methylene-3-bromo-propanamide 6 obtained was then applied in
the allylation reaction in water. However, no reaction was observed in this case. It was found that the solid

starting allylic bromide did not dissolve in water at all. This observation implies that the indium species cannot be

tion due to low solubility of the amide in water. Therefore, the reaction was carried out in

on gque 1o 1ow Ssoluniint wuiv al ILICItNL 1oal it Lalll

YBI’ CFa\}/\(

Okt o !
-, O NH n 07 NH (eq. 7)

CFs/\O H M aqueous media N\

C

o
~

_______ ’... mrall asmamiye
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The chiral amide was dissolved in ¢
resulting mixture was allowed to stir at room temperature for 15 h and then trifluoroacetaldehyde ethyl hemiacetal

and water were added into the reaction mixture. After usual workup, the desired product 7 was obtained in only
35% isolated yield. The reaction does not proceed to completion even when excess trifluoroacetaldehyde ethyi
hemiacetal was added. The diastereofacial selectivity is moderate as determined by 'H NMR and "*F NMR
spectroscopic analyses. The absolute configuration of the newly created stereogenic center was not confirmed. In

arch of a more efficient method for this allylation reaction, THF was used to replace DMF to dissolve the chiral
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reaction was observed wiih a mixture of ethanoi and water (i:1). The chirai amide & was found to have

completely converted to the corresponding trifluoromethylated product 7 at room temperature. However, no
diastereoselectivity was observed (Table 4).

Table 4 Solvent Effect on the Allylation Reaction of Chiral Allylic Bromide?

Entry Solvent Yield® (%) Diastereofacial
selectivity® (%)
1 H,0 0 -
2 THF/H,0 (1:25) trace -
3 DMF/H,0 (1:25) 35 70:30
4 ethanol/H,0 (1:1) 70 50:50

a All reactions were carried out on 0.5-1 mmol scale. b. Isolated yield. c. diastereomeric ratio was

determined by IH NMR and I9F NMR spectroscopic analyses (relative stereochemistry not
confirmad)

COUNIITING J.

Tin-Mediated Indium Trichloride-Promoted Allylation Reaction of Trifluoroacetaldehyde Ethyl
Hemiacetal in Water. Next, we applied the methodology of indium trichioride-promoted tin-mediated
aliylation reactions of carbonyi compounds in water® for the synthesis of o-trifluoromethyiated homoallyiic
alcohols. Thus, commercially available trifluoroacetaldehyde ethyl hemiacetal was employed in the indium

trichloride-promoted tin-mediated allylation reactions (eq. 8). The results are summarized in Table 5.

OH R"
OEt R: &T/\ gy  SwinCi ] |
+ eq. 8
CFa/l\OH R" Hz0 CFa/\R(\ e

Initial allylation reactions of the trifluoroacetaldehyde hemiacetal with allyl bromide were carried out both with
indium trichloride and without indium trichloride in water. In contrast to the described allylation reactions of

teifhimemanataldahuda athyl hamiacatal Aid nat Acre 1 o canra nf 1 inm trie 1l (Tahle 8 antrvy 7Y The
HIUVILVALLLAIUCII YUT TUl Y1 HUiialuidl Ul HUL ULVLUL 1 UV GUSVIILG UL SHUVIUI WILHIVIIUL (L QUL J, Vil y &j. 4 Uu

22 L1 '..l.. B Ny A S B s O o P U e [P R ey s TT P, ST R gy S
aﬂﬂluon OI U l equwdlcn[ Ul mulum LT lLI L[1UC 11 UIC PICSTICTC Ul Ul 1CaU LU 1HC CULICHOPUTTUHTE PTOUMLL 111 Uiy 4

trace amount (entry 3). The addition of 1 equivalent of indium trichloride in relation to the hemiacetal dramatically
promoted the reaction to afford the 4-hydroxyl-5,5,5-trifluoro-1-butene 2 in good yield (entry 4). The result in
entry 1 showed that both indium trichloride and tin are necessary for the success of this reaction. These results
provided new evidence that the water-stable indium trichloride Lewis acid can promote tin-mediated allylation
reactions in water. Next, we replaced the allylic bromide with crotyl bromide. The reaction also occurred
smoothly at room temperature in water in the presence of indium trichloride. Moderate diastereoselectivity was

observed. These results are shown in Table 5.

3

Interestingly, in all cases, the indium-mediated and tin-mediated indium trichloride-promoted allylation

canntinne gave the v caunling nroducte without anv detection of the o-counline nroducts. Resides. the nossible
TEACLIDIIN EaVU LU THUUUPIIHE PIVUULLY WitLVWL QY ULIVVIVEL UL WL TR RIRRE piviessio TN S, LU PUSSIURC

. N . N 1 V.22 o AN cemm mmermae Aa a3 b Y alhie mmmmmnimcmee Al T teiFlisnmmenathe lntad
ethoxy substituted compound 8 (Figure 1) was never detecied and only tné COMESPONAInNg 1-ifnucrometnyiaea
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omoallvlie aleahnl wae nhtained Tt ic alen natoewnrthy that tha sanntinm ~AF Asmmter] o0 o lab
nuinvanynn anuvnus was uainacl, o 15 ainy GUleworuly uide i r€aciidn Or Crotyir oromia€ wiin
taaflirmere nn Tdabe. e Lo doe. oo el . | N, .l
trifluoroacetaldehyde hydrate or ethyl hemiacetal in both indium-mediated allylallon and tin-mediated indium

trichloride-promoted allylation gave the corresponding product with similar diastereoselectivity. These results

Table 5 Indium Trichloride-Promoted
Trifluoroacetaldehyde Ethyl Hemiacetala

Tin-mediated Allylation of

Entry  Halide Conditions Product Yield (%)b
(ratio)¢
i P InCl3 H,0, 18 h - 0
2 Pl Sn, H,0, 18 h - 0
3 B Sn, InCl3 (0.1 eq.) QH
H,0,15h CFM trace
2
4 B SnInCli(l cq) YA 85
20, 15h CF
2
5 XN Sn, InCl3 (1 eq.) QH GOOCH; 5
p S Hy0,15h CR NN
COOCH; 3
Sn, InCl3 (1 eq.) H 72
i 3 *
6 | .0 15 I».q e A A (67-37)
I YA IR T ] urg T ~r \Ji7.o0)
4
a All reaction were carried out on 0.5-1 mmol scale. b. Isolated yield. c. Diastereomeric ratio was
datarminad hy |H NMR (relative steregchemistrv not confirmed)
determined by TH NMR (relative stereschemistry not confirmed),
ammanle: thacnd thae mmnumti e srrasmlarion o thhn teerm s L‘Pna.‘ » | P .-’l AF Allerlin s Adiisen cmanian mrnys Ihneee thhoa cnevee tomannidsvae
mlply Idtl UIC CALUUHB lllVUlVlUg i€ (WO qirrerent Kina o1 auyuu 111 pvuca Hay itave u SAlIC Haiidiiion
state which is dependent on the substituents of the allylic halide and the aldehyde used, but not on the substituent
of the allylic indium.
OEt R,
CF3
3
Ry
8
Figure 1
Mechanistic Study. In the reported analogous carbon-carbon bond formation reaction using

.

trifluoroacetaldehyde ethyl hemiacetai, 37 tr

nuoroacetaluenycxe N,O- acetals° and N,S-acetals,” the Lewis acids in

all cases are essential for the success of the reactions. In addition, these reactions must be carried out under strict

anhydrous conditions. The application of trifluoroacetaldehyde ethyl hemiacetal in water as in our studies has
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/ithout the possible ethoxy product 8, the six-membered ring
ormed from trifluoroacetaldehyde ethyl hemiacetal and allylic indium species was suggested to be
intermediate 9 instead of 11 as predicted by HSAB theory. Generally, the indium species was thought to be a
hard acid and preferred to combine with a hard base. The hydroxyl group is a harder base than the ethoxyl group,
whereby the compatibility of the intermolecular forces between the organoindium and the CF; alcoholic substrate
resulted in the predominate complexion of intermediate 9 which lead to the sole formation of the homoallylic
alcohol 10 (Figure 2).

-
e NSO o T

bty

transition state

| Ra H Ras I
it
CF” OH CFra 0| T —— R NN
e T AR AN - $
Ri=H  Rp=H 2
Ry=CHy Rp=H o
Ry=H  Rp=COOCH, 9 10
| oH OEt R,
Vi YKTA
7 = OFs TN Q'i N T
(AR ER =AY é‘t
n 8
Figure 2 Mechanism of the Allylation of Trifluoroacetaldehyde Ethyl Hemiacetal
N tha ~Athar haond tha affant ~F T awric anid ciieh ae VRINTHAL . ~m tha olluylatine sanatiae ~F
i WG QHIICL Halld, UIC 110001 Ul LOUWID allu suLil ad 1 U (W 113 U UIC dllylatiull icatiivl vl

trifluoroacetaldehyde ethyl hemiacetal or hydrate is different from that on the allylation reaction of normal
aldehydes. It is possible that the Lewis acid may combine with trifluoroacetaldehyde hydrate or ethyl hemiacetal
and hence hinder formation of the six-membered ring transition state 9.

Conclusion

The tin-mediated indium trichloride-promoted and indium-mediated allylation reactions of
trifluoroacetaldehyde ethyl hemiacetal and hydrate with various allylic halides were successfully carried out in
water. These reactions have the following characteristic features: (1) The reactions using reactive allylic halides

nracaedad emaothlvy under extremelv mild conditions (almost neutral) to egive the corresnondine 1-
PLUUUUUUU I)lll\.l\.l'alll.’ REESNEWw A Vl\‘lvlllvl] BAAAANE WAREGIARENSERT \QRiinavon iisianadaiy LS o % vasw AR s L LY ) E
triflunramathulatad hamaallylie alenhnle in hioh vielde (2) Generallvy the reactinne were clean onlv the v
UHIUWUTUHIR U Y 180U UGN Y UV QiU T IS YAIVEWS, (&) DULHVIALLY, WIV IVaVUIVIS WL Viatdin, Wity unw |

coupled product and unreacted allylic bromide were recovered after usual workup. (3) The presence of an acid
functional group did not affect the reaction, hence removing the need for protecting groups. (4) In the reaction of
trifluoroacetaldehyde ethyl hemiacetal with an allylic metallic reagent in water, the corresponding 1-
trifluoromethylated homoallylic alcohol was obtained as the product. In all cases, the possible ethoxy substituted
compound was not detected.

Therefore, two of the most practical methods for the synthesis of homoallylic trifluoromethylated alcohols

have been developed. The simplicity of the reaction procedures will no doubt serve as a practical method for the
synthesis of o.-trifluoromethylated alcohols which may be readily transformed into various biologically active
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compounds. Further investigation to develop an asymmetric version of these reactions is ongoing in our group.
Experimental Section

Materials and Methods. The trifluoroacetaldehyde ethyl hemiacetal was purchased from Fluka Chemical
company and used directly in the reaction. Analytical thin layer chromatography was performed using Merck 60
F354 precoated silica gel plates (0.2 mm thickness). Subsequent to elution, ultraviolet illumination at 254 nm was
allowed for visualization of UV active material. Staining with iodine vapour or a solution of potassium

permanganate was used for further visualization. Flash chromatography was performed using Merck silica gel 60
(40 - 63 llm narticle size) and distilled solvents. Columns were tvnicallv nacked as a slurrv and equilibrated with
Vv kX l,u-uuxvu.« GRAAY f RRAde MR Hea solvents. Lolumns were P PAVGRL ) PUVARLTG GO 8 SiViiJ R WYWILVLIRIWS TV
the appropriate solvents prior to use. Infrared (IR) spectra recorded on a Perkin-Elmer 1 FTIR

P o YOS s e PO B 1NN

spearopnomrm:ter lJ'PUCdl I"O{dll()nb were determined usmg a Jasco DIP-1006 d Glglldl ponarlmc{er Proton nucnear
magnetic resonance spectra ({H NMR) and carbon nuclear magnetic resonance spectra (13C NMR) were recorded
on a Bruker ACF 300 or 500 nuclear magnetic resonance spectrometer at the frequency indicated. Mass spectral
analyses were carried out on a VG7035 Micromass mass spectrometer and were reported in units of mass to
charge (m/z). Electron impact (EI) at an ion current of 70 eV was used for fragmentation of molecules.

Preparation of trifluoroacetaldehyde hydrate (1) water solution. To the trifluoroacetaldehyde ethyl
hemiacetal (2.32 mL, 90%, 20 mmol) was added concentrated HySO4 (0.109 mL, 98%, 2 mmol). Heating the

resulting mixture at 90 °C and collecting the gas with 5 mL of water afforded an agueous solution of

triflnaraactaldahvde hvdrate Accardine to the incraaced weioht (O30 mo. 8 mmol % vield) the concentration
Irnuoroacia:GenyGe nyaratc. ACCOrGIg 10 UIC ICICAsCG WEIEg (720 g, S NG, 570 YIC:Q), W€ CONCCiRialion
cime bl s TR ol s ntle; srpad Fae tha allglatinm ranatimec
wdd AUJUS €U 10 1vi allU UdlITlly UdCU UL UIC dllylatiull tTeabuvlls.

Representive procedure for the indium-mediated allylation reaction of trifluoroacetaldehyde
hydrate in water: preparation of methyl 2-(3,3,3-trifluoro-2-hydroxypropyi)prop-2-enoate (3).
To a solution of trifluoroacetaldehyde hydrate in water (1 mL, 1M, 1 mmol) was added indium powder (228 mg,
2 mmol) and water (4 mL) followed by methyl 2-(bromomethyl) acrylate (0.36 mL, 3 mmol) at room
temperature. After stirring for 15 h, ether (50 mL) was added to extract the product. The solution was then
washed with water, brine, dried over MgSOy4. After filtration, the solvent was removed in vacuum and the crude
product was purified by silica gel column chromatography (hexane: ethyl acetate 8:1) to afford the pure product as

= 2.3 Hz and J = i4.4 Hz, iH, CHy), 3.81 (s, 3H, OCH3), 4.10-4.14 (
6.35 (s, 1H, CH=); '3C NMR (125.4 MHz, CDCls): & 33.42, 52.49, 69.8

282.2 Hz), 129.80, 134.89, 168.25; °F NMR (84.2 MHz, CDCIl;): § -4.08 (d, J = 7.32
EIHRMS: Calcd. for. C;HgF;05: 198.0504 found: 198.0482.

Representive procedure for the indium-mediated allylation reaction of trifluoroacetaldehyde
ethyl hemiacetal in water: preparation of 1,1 ,1-trifluoropent-4-en-2-ol (2).'° To a suspension of
indium powder (5.74 g, 50 mmol) in water (50 mL) was added allyl bromide (6.50 mL, 75 mmol) followed by

......... uct b3

de ethyl hemiacetal (2.90 mL, 25 mmol) at room temperature. The resulting mixture was stirred

3 it w

< AV P Tl A s £

washed with water, brine, dried over anhydrous MgSO4. After filtratio
blowing with nitrogen. The crude product was then distilled to afford the pure compound as colorless oil in 95%

ot
P
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yield (332 g).

Pr NAY fhavonna: natota A.I\_ j ')C AL Orvys ')r\ _,..tr~. TYI'T 7.0 7. £78. .\ -~y . »‘l\l\ﬁ. ~ o s
Rf U.4Z (nexane: cu:ya aCTEC 401, 0P 55-30 "L/ DU mmng; riiR (nin fum): v 3386.7, 2927.3, 1643.7,
1279.1, 1174.0, 1100.2 cmr'}; 'H NMR (500 MHz, CDCl3): 6 2.25 (d, J = 5.8 Hz, 1H, OH), 2.37-2.43 (m,

1H, CH,), 2.50-2.55 (m, 1H, CH3), 3.98-4.02 (m, 1H, CHOH), 5.22-5.27 (m, 2H, CHj=), 5.80-5.88 (m,
1H, CH=); 13C NMR (125.4 MHz, CDCl3): 6 34.40, 69.69 (q, J = 30.2 Hz), 119.87, 127.15 (q, J = 282.9
Hz), 131.69; '°F NMR (84.2 MHz, CDCl3): & -3.880 (d, J = 7.3 Hz, CF3;) (TFA); EIHRMS: Calcd.
for.CsH;F;0: 140.0449 found: 140.0456.

Representive procedure for the tin-mediated indium trichloride promoted allylation reaction

trifluoroacetaldehyde ethyl hemiacetal: preparation of methyl 2-(3,3,3-trifluore-2-
hydroxypropyl)prop-2-enoate (3). To a mixture of ti der (119mg, 1mmol), indium trichloride (221
ma 1 ommmaly and sathsl D) {‘ﬁ"ﬁmt\mr\‘-\ 1N acry n a M 17 T 1 enmzmans? N 1o Loao

Mg, 1 [Mimoi), anta Mmcuiyr L-\OIONMioHicuiyl) acryiai® (v.1< ifL, 1 minoi: ) in water (J IHL) was added

temperature, ether (50 mL) was added to extract the product The solution was then washed with water, brine,
dried over MgSQOy4. After filtration, the solvent was removed in vacuum and the crude product was purified by
silica gel column chromatography (hexane: ethyl acetate 8:1) to afford the pure product as as colorless oil in 65%
yield (64.5 mg).

1,1,1-Trifluoro-3-methylpent-4-en-2-o0l (4).!0 colorless oil; Rf 0.45 (hexane: ethyl acetate 4:1); FTIR
(thin layer): v 3386.3, 2940.2, 1642.4, 1276.3, 1162.9, 1151.5 cm'!; major isomer: '"H NMR (300 MHz,
CDCl3): 8 1.18 (d, J = 0.8 Hz, 3H, CHa3), 2.17 (d, J = 7.2 Hz, 1H, OH), 2.61-2.71 (m, 1H, CHCH3), 3.76-

3.86 (m, 1H, CHOH), 5.12-5.26 (m, 2H, CH;=), 5.75-5.93 (m, 1H, CH=); 13C NMR (125.4 MHz, CDCl;): &

Ay MCEANSLL )y Sed TS,

16.41, 37.98, 73.05 (q, J = 29.8 Hz), 118.19, 126.57 (q, J = 282.3 Hz), 136.72; 9F NMR (84.2 MHz,

ralaYal s e X W | T - YY_ f‘T"\I’FI‘A\
CDCls): o»u:c(u,J"Ian L) (1FA).
minor isomer: 'H NMR (300 MHz, CDCl3): 8 1.20 (d, J = 0.7 Hz, 3H, CHs), 2.18 (d, J = 6.8 Hz, 1H, OH),

2.61-2.71 (m, 1H, CHCH3;), 3.87-3.92 (m, 1H, CHOH), 5.12-5.26 (m, 2H, CHj3=), 5.75-5.93 (m, 1H,
CH=); '3C NMR (125.4 MHz, CDCl3): § 14.17, 38.71, 73.29 (q, J = 30.1 Hz), 116.48, 128.28 (q, J = 282.5
Hz), 138.56. 1F NMR (84.2 MHz, CDCl3): § 0.20 (d, J = 7.3 Hz, CF3) (TFA). EIHRMS: Calcd. for
CsHoF;0: 154.0606 found: 154.0629.

2-(3,3,3-trifluoro-2-Hydroxypropyl)prop-2-enoic acid (5). white solid; Rf 0.59 (hexane : ethyl
acetate 1:2); FTIR (KBr): v 3435.5, 1698.7, 1628.3, 1441.2, 1265.6, 1151.8 cm-!; "H NMR (300 MHz,
J=96HzandJ=144Hz IH CH
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180.0349.
Preparation of N-((IR)-1-phenylethyl)-2-(bromomethyl)prop-2-enamide (6). To the 2-
(bromomethyl)acrylic acid (825 mg, 5 mmol) was added fresh distilled thionyl chloride (1.094 mL, 15 mmol).
The resulting solution was refluxed for 2 h then the excess thionyl chloride was removed in vacuo. The formed
acyl chloride was dissolved in CH,Cl; (10 mL). To the acyl chloride was added the solution of DMAP (61 mg,
0.5 mmol) and (R)-(+)—a-mcthylbenzylamine (0.58 mL, 4.5 mmol) in CH2Cl; (2 mL) at 0 °C. The reaction

cam ki szrec .._. nt sl at te emperature €far M ravemad tn ranm tamroratiira and ctirrad far annthar 18 The
MIiXWure was s U at Uk NPETALUIC 101 411, Walimca (U TOGIN wWiNPTiauit, anl Sulivt 101 anvuild 1J 1. e

eih 1 (AT TN cmakad csidh e €08 RIAETANY ooliisiacn pod bncalawn ased
product was extracted with thyl acetate (Zx5U mL), wasned with water, >% INariL s sojution, anda oring, and
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aphy on silica gel (hexane: ethyl acetate 1:1) (783.9 mg, 65% yield).
id; Rf 0.59 (hexane:ethyl acetate 1:1); [a]p33 +53 " (c = 1, CHCl3); FTIR (KBr): v 3301.1, 1708.5,
1619.2, 1538.3 cm -1; 'H NMR (500 MHz, CDCl3): & 1.56 (d, J = 6.9 Hz, 3H, CHaz), 4.30 (d, J = 12.4 Hz,
1H, CH;Br), 4.34 (d, J = 12.4 Hz, 1H, CH,Br), 5.17-5.23 (m, 1H, CHNH), 5.69 (s, 1H, CH;=), 5.85 (s,
1H, CHy=), 6.24 (brs, 1H, NH), 7.28-7.37 (m, SH, aryl H); 13C NMR (125.4 MHz, CDCls): § 21.70, 43.57,
49.16, 121.91, 126.14, 127.51, 128.76, 141.24, 142.80, 165.50. EIHRMS: Calcd. for C;;H4NO (M*-
Br79y+: 188.1075 found 188.1101.

Procedure of indium-mediated allylation reaction of trifluoroacetaldeh

with N-((I1R)-1-phenylethyl)-2- (bromomethyl)pr op-2-enamide 6 in aqueous medium: To a

gnlitinny ~f A_(( 1PN I_n‘hn vla rkul\_’)_{k.-nm.\m vyhmenm ) i dae (EY 7124 sonee ) & rnsmrnl) i TARATS /N D T )
soiution of V- WL 1Pl y vl y 1 J- L= (UL uiiv il Y1 pPrup-L- enamia \U) L1097 11y, V.o HHNOUL) 1L LAVEE (UL L)
was added indium powder (114.8 mg, 1 mm‘i) The resulting mixture was allowed to stir at room temperature

for 15 h and then trifluoroacetaidehyde ethyl hemiacetal ( 0.116 mL, 1 mmol) and water (5 mL) were added into
the reaction mixture.After stirring for 40 h at room temperature, the product was extracted with ethyl acetate (3x20
mL). The combined organic extracts were washed with 0.5 MHC! (5 mL), water (5 mL), and brine (5 mL), and
dried over anhydrous MgSQOy. After filtration, the solvent was removed in vacuo to afford the crude product
which was purified by column chromatography on silica gel (hexane: ethyl acetate 1:1) (50 mg, 35% yield). The
diastereosclcctieitv is 70:30 as determined by 'H NMR and !9F NMR spectroscopic analyses.
N-((IR)-1-phenylethyl)-2-(3,3,3-trifluoro-2-hydroxypropyl)prop-2-enamide (7). colorless oil;

AR il ettt A Rl = ket

!ag tate 1:1); FTIR (thin film): v 3426.4, 2930.6, 1651.5, 1610.9, 1450.8, 1279.1,

v
ny € 2420.4, £250.0 D310, 101U, 14308, 12791
1

H NMR (300 MHz, CDCl3): 5 major 1.55 (d, J = 6.9 Hz, 3H, CH3), 2.59-2.64 (m, 2H,
), 5.11-5.16 (m, iH, CHNH), 5.55 (s, 1H, CH=), 5
1H, OH) 6.36 (brb, I1H, NH), 7.27-7.39 (m aryl H); minor: 5.55 (s, 1H, CH=), 5.71 (s, 1H, CH=). 13C
NMR (75.4 MHz, CDCl3): 8 major 21.35, 33 92 49.44, 70.89 (q, J = 30.5 Hz), 121.92, 124.81 (q, ] = 281.5
Hz), 126.04, 127.65, 128.77, 140.35, 142.21, 169.15. minor: 49.39, 71.02 (q, J = 30.5 Hz), 125.99, 142.13.
ISF NMR (282.2 MHz, CDCls): d major -3.77 (d, J = 3.27 Hz, CF3) (TFA), minor: -3.85 (d, J = 3.27 Hz,

CF3) (TFA); EIHRMS: Calcd. for. Cj4H ¢NF30,: 287.1133 found: 287.1132.

£ 7 Y I -E oY s B2 NN
.69 (s, 1H, CH=), 3.99 (brs,
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