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ABSTRACT: The (trifluoromethyl)stannane reagent, o 1) BugSNCFs (1.1 equiv) o-SnBUs | 2) aqueous NH,CI
Bu,;SnCF;, was found to react under CsF activation with _ CsF(02equv) R, _ workp /%‘Rz
Ry Ry

ketones and aldehydes to the corresponding trifluoromethy- Ri™ Re THF, rt CFy
lated stannane ether intermediates at room temperature in
high yield. Only a mildly acidic extraction (aqueous NH,CI) is required to release the corresponding trifluoromethyl alcohol

products. The protocol is compatible with acid-sensitive functional groups.

he incorporation of fluorine into molecules results in

profoundly different properties and activities of com-
pounds.' In this context, a promising and relevant building
block is the trifluoromethyl alcohol motif. Figure 1 shows
selected examples of biologically and pharmaceutically potent
molecules that contain this motif. The activities of these
compounds range from sleep induction (1),> to anti-
inflammatory effects in cancer treatment (2),® and inhibition
of the cholesteryl ester transfer protein relevant to heart disease

H53C
CFZCFZH

FC/\/N

Drug Molecules with CF s-Motif
O,

3
Purdue Pharma o Pfizer
Sleep inducer Phase 1 O Anti-inflammatory CETP inhibitor
(Ref 2) (Ref 3) (Ref 4)

Established Trifluoromethylation Methods:
Ruppert-Prakash reagent®®7”

stable
. /SlMe3
j\ MesSi-CF3, CsF HCI or TBAF OH
—_— R. —_— R
R\ 2 R 2
R R HR A T CRy

acid or fluoride needed in work-up

Fiuoroform™ O 1) HCF3 KHMDS OH
e —— Ry
"
R
Ry Ry 2)H 1 CFs

IS]
strong base required; basic and nucleophilic CF 3 generated
stoichiometrically; limited to non-enolizable carbonyls

This Work: BuzSnCF3

labile
1) BuzSnCF; (1.1 equiv) SnBua
o CsF (0.2 equiv) 2) aqueous NH,ClI OH
)J\ > R /%Rz > )VRz
R "R, THF, rt R R CF,

mild work-up; tolerates acid-sensitive groups
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3)*A straightforward route to these compounds involves the
direct addition of CF; to the corresponding ketone or aldehyde
precursors.

Trifluoromethylation is most commonly accomplished via in
situ activation of the Ruppert—Prakash reagent, Me;SiCF;,’
with a fluoride source, leading to eﬂic1ent addition of CF; to
carbonyl compounds (such as aldehydes,®” ketones,™” esters”®
or Weinreb amides®).”® The Pﬁzer drug 3 (Figure 1) is
synthesized in this way, for example.* However, the protocol
requires breakdown of the silyl ether intermediate that is
formed upon formal addition of Me;SiCF; to the carbonyl
group (Figure 1). This is generally accomplished with acid
(stirring in HCI) or with fluoride (TBAF).*™ Alternative
methods include the use of fluoroform (CE,H)."" However, the
latter method is limited to nonenolizable carbonyl substrates, as
the basic CFj-anion is generated stoichiometrically in the
presence of the substrate via exposure to a strong base, such as
KHMDS.'"" On the other hand, Dolbier and co-workers
developed a procedure based on CF;l that generates the
nucleophilic CFj-anion via reduction by TDAE, but the
protocol is inefficient for enolizable aldehydes and ketones.'>

Given that stannanes are generally softer than silanes,"'* we
anticipated possibilities for synthetic applications and inves-
tigated the potential of stannane reagents in trifluoromethyla-
tion reactions. In this context, we recently demonstrated that
Bu;SnCF; can be used in Cu-mediated trifluoromethylations of
aryl iodides.">"¢

In this report, we disclose that Bu;SnCF; can also be applied
in efficient trifluoromethylation reactions of aldehydes and
ketones.

We began our studies by adding 1 equiv of Bu;SnCF; and a
catalytic amount of CsF (0.1 equiv) to an excess of neat
acetophenone at room temperature. We observed that the
stannane reagent was fully consumed within 5 h reaction time
at room temperature, and the corresponding trifluoromethy-
lated derivative had formed (as judged by "’F-NMR), indicating
that trifluoromethylation of ketones using the stannane reagent

Received: June 4, 2013
Published: July 8, 2013

dx.doi.org/10.1021/j0401099e | J. Org. Chem. 2013, 78, 77497753


pubs.acs.org/joc

The Journal of Organic Chemistry

is indeed possible. Thus, we subsequently set out to identify a
general and more practical reaction protocol. A solvent screen
(Table 1) revealed that the use of a minimal amount of THF

Table 1. Optimization of Conditions for the
Trifluoromethylation of Acetophenone®
1) nBu3SnCF3
CsF

solvent, rt, 24 h
O 2)2MHCI

Ao

entry equiv of CsF solvent yield (%)b
1 0.1 ethylene glycol diethyl ether 31
2 0.1 CH,Cl, 9
3 0.1 n-hexane 0
4 0.1 THEF 76
S 0.2 THF >95
6 0.5 THEF >9S5
7 1.0 THF >95

“Conditions: 0.2 mmol acetophenone used in 0.3 mL of solvent, with
1.1 equiv of nBu,SnCF,. “Yield quantified after workup, by integration
of the F NMR spectrum against a known amount of the internal
standard, 4,4’-difluorobiphenyl.

allowed the efficient transformation of 1.0 equiv of
acetophenone to the corresponding trifluoromethylated de-
rivative in 24 h at room temperature, employing a slight excess
of Bu;SnCF; (1.1 equiv) and a catalytic amount of CsF (see
Table 1). The superior reactivity observed in THF over
CH,Cl,, hexane or alternative ether solvents appeared to
primarily be a consequence of the better solubility of CsF in
THEF.

With the optimized reaction conditions in hand, we
subsequently employed a variety of ketones under these
conditions. Table 2 gives a summary of the results. Aromatic
(entries 1—7) as well as an example of aliphatic (entry 8)
ketones reacted efliciently at room temperature. The overall
reaction time decreased with greater electron deficiency of the
ketone. The trifluoromethylations can conveniently be carried
out at ambient temperature and do not require cooling.
Moreover, as manifested in entry 6 (Table 2), selective
trifluoromethylation of the ketone functional group was
observed, even in the presence of excess stannane reagent.
Additional experiments on aromatic ester compounds (e.g,
methyl benzoate) confirmed that the stannane reagent is not
capable of trifluoromethylating the ester functional group under
these conditions. In contrast, under analogous conditions
involving Me;SiCF;, trifluoromethylations of esters do occur.
(Selective trifluoromethylation of a ketone over ester can be
achieved with Me;SiCF;, if the reagent is employed in <1.0
equiv).”® The slightly lower reactivity of the stannane therefore
bears potential for selective and mild trifluoromethylations in
the presence of alternative functional groups.

The proposed mechanism for trifluoromethylation involving
the stannane reagent is illustrated in Figure 2. The reaction
proceeds via the intermediacy of stannane ether 5, as we
demonstrated separately through isolation and characterization
of adduct 6 that resulted from Bu;SnCF; addition to
anthracene-9-carbaldehyde. We fully characterized adduct 6
with '"H and “C NMR spectroscopic analyses and high
resolution mass spectrometry (that gave the expected molecular
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Table 2. Trifluoromethylation of Ketones”
1) nBuzSnCF3
CsF
THF, rt oH
(0] 2)aq NH4CI
R"”R2 R“i}ca
entry product  time (h) yield —
F NMR / isolated (%)"
OH
1 ©)rca 24 >95 /53
OH
2 @/#ca 2 95 /69
Cl
OH
3 @/Chga 96 66 /-
OH
4 N Tors 15 77 /41
_N
OH
5 ca 30 >95 /78
OH
6 MeoYQ/M 15 >95 /71
]
OH
7 @%oa 24 78/72
MeO
OH
8 15 70/514

(]
n
w

“Conditions: 0.4 mmol ketone in 0.3 mL of THF, 0.2 equiv of CsF
and 1.1 (entries 1, 3—6 and 8) or 1.3 equiv (entries 2 and 7) of
nBu;SnCF;. “°F NMR yield quantified by integration against a known
amount of the internal standard, 4,4’-difluorobiphenyl. “An isolated
yield cannot be reported because of the volatility of the compound.
d ) ) R .

Two diastereomers were produced in the reaction in a ratio of 5.5/
1.0, the isolated yield being for the major diastereomer.

nBuzSnO.
nBuzSn—CF3

H
 COD | B
F

isolated & characterized

nBuzSn—F
nBuasn\o
/l\ CF3 0]
R R2CFs R1J\R2
5
©
nBuzSn—CF3 0]

R1/J{\ZCF3

Figure 2. Proposed mechanism for trifluoromethylation.
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ion at [M]*= 566.1811; see Supporting Information for further
information).

We previously demonstrated that the formation of [CuCF,]
intermediates from Bu;SnCF; in the presence of Cul and CsF
is only marginally less efficient than that from Me,SiCF;,'®
which suggests that the stannane can just as readily release its
CF; group upon activation. We therefore hypothesize that the
origin of slower reactivity of the stannane observed in the
trifluoromethylation of ketones stems primarily from the lower
driving force to form stannane ether intermediate 5 as
compared to a silyl ether analogue (see Figure 2). The O—Sn
bond is much more labile than the corresponding O—Si bond
(reported bond dissociation energies are AH(O—Sn) = 548 kJ/
mol and AH(O-Si) 798 kJ/mol)."” Greater electron
deficiency around the O—Sn moiety in turn would be expected
to strengthen the bond and increase the thermodynamic driving
force to form §, in line with the reactivity trend observed in
Table 2.

The weakness of the O—Sn bond in the formed stannane
ether intermediate S (Figure 2) gives the advantage that $ also
readily breaks down to release the final alcohol product. In
hydrolysis studies of the reaction given in entry 1 of Table 2, we
observed that upon addition of water to the corresponding
stannane ether intermediate S, hydrolysis had already taken
place to about 60%. In subsequent studies, we identified that
complete conversion to the trifluoromethyl alcohol can be
achieved through a simple, aqueous NH,Cl extraction. The
corresponding silyl ether intermediates (analogous to S) tend
to be more stable and may require stirring in acid (up to 6 N
HCI) over hours (>3 h) or addition of TBAF to release the
final product.®” Thus, the stannane protocol may be
advantageous to the synthesis of molecules with functional
groups that are sensitive to stronger acids, nucleophiles or show
high lipophilicity.

We subsequently expanded our studies to aldehydes (see
Table 3). In accord with the reactivities observed for the
ketones above, the electron deficient carbonyl moiety of the
aldehydes showed excellent reactivity toward trifluoromethyla-
tion with Bu;SnCF;. High conversions and good isolated yields
were obtained after 8—22 h reaction time at room temperature
(see Table 3). Noteworthy are the successful isolations of the
trifluoromethylated alcohols in entries 7—9, in which acid-
sensitive protecting groups (THP, trityl and MEM) were
tolerated in the trifluoromethylation and workup procedure.
This highlights the mildness of the stannane protocol.

In conclusion, we have demonstrated the feasibility of
stannanes, such as Bu;SnCF;, to trifluoromethylate aldehydes
and ketones at room temperature in high yield. The reactions
proceed via the intermediacy of stannane ethers that in turn are
readily hydrolyzed through mildly acidic extraction (aqueous
NH,CI). The protocol was shown to tolerate acid-sensitive
functional groups.

B EXPERIMENTAL SECTION

General Procedure for the Screening of Solvents. Solvent
(0.3 mL, see Table 1) and tributyl(trifluoromethyl)stannane (79 mg,
0.22 mmol, 1.1 equiv) were added to a mixture of acetophenone (24
mg, 0.20 mmol, 1.0 equiv), cesium fluoride (0.1—1.0 equiv, see Table
1) and internal standard 4,4'-difluorobiphenyl (19 mg, 0.10 mmol, 0.5
equiv) in a vial. The reaction mixture was stirred at room temperature
for 24 h, after which the reaction mixture was diluted with diethyl
ether (2 mL) and quenched with 2 M hydrochloric acid (1 mL). The
layers were separated, and the organic phase was used for '’F NMR
studies.
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Table 3. Trifluoromethylation of Aldehydes”

1) nBu3SnCF;
CsF

THF, 1t
O 2)agNH,CI OH
R H R14\CF3
H
entry product  time (h) yield —

F NMR / isolated (%)"

OH
1 @/ﬁca 8 >95 / --¢
vo ! cr,
2 8 >95 /83
OH
3 @*ﬁa 9 73 /49
O,N
OH
4 O/tca 2 88/70
Me,N
OH
5 D/bca 9 >95 /70
Br
)
6 SN 9 >95 / ¢
OH
OH
7 /@ﬂ\ca 8 95 / 64
THPO
OH
8 /@ﬁfca 8 >95 / 68¢
TrO
OH
9 @/ﬁc& 8 >95 /67
MEMO'

“Conditions: 0.4 mmol ketone in 0.3 mL of THF (0.6 mL of THF for
entry 2), 0.2 equiv of CsF and 1.1 (entries 1—5) or 1.3 equiv (entries
6—9) of nBu,SnCF;. “°F NMR yield quantified by integration against
a known amount of the internal standard, 4,4’-difluorobiphenyl. “An
isolated yield cannot be reported because of the volatility of the
compound. “This compound was found to decompose upon standing

General Procedure for the Trifluoromethylation of Alde-
hydes and Ketones. THF (0.3 mL, if not stated otherwise) and
tributyl(trifluoromethyl)stannane (1.1—1.3 equiv; see Tables 2 and 3)
were added to a mixture of aldehyde or ketone (0.40 mmol, 1.0 equiv),
internal standard 4,4’-difluorobiphenyl (19 mg, 0.10 mmol, 0.2§
equiv) and cesium fluoride (12 mg, 0.08 mmol, 0.2 equiv) in a vial.
The reaction mixture was stirred at room temperature for the requisite
time (see Tables 2 and 3). The reaction mixture was then diluted with
diethyl ether (20 mL) and washed with a saturated aqueous
ammonium chloride solution (4 X S mL). The combined aqueous
layers were extracted with diethyl ether (20 mL), the combined
organics were then dried over magnesium sulfate and filtered, and the
solvent was removed under reduced pressure. The resulting residue
was purified by column chromatography using silica gel impregnated
with potassium fluoride (20% w/w), eluting with 9:1 n-hexane:diethyl
ether.
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1,1,1-Trifluoro-2-phenylpropan-2-ol (Table 2, Entry 1). 40
mg, 53%; 'H NMR (CDCl,, 300 MHz) § 7.61—-7.56 (m, 2H, ArH),
7.44—7.36 (m, 3H, ArH), 2.28 (br s, 1H, ArH), 1.79 (br s, 3H, CH,);
3C NMR (CDCly, 100 MHz) 6 138.5, 128.7, 128.4, 126.1, 125.7 (q, J
=285), 75.0 (q, ] = 29), 24.1; F NMR (CDCl,, 282 MHz) § —81.5
(s, CF;). This data is consistent with that reported in the literature.""®

2-(4-Chlorophenyl)-1,1,1-trifluoropropan-2-ol (Table 2,
Entry 2). 62 mg, 69%; 'H NMR (CDCl;, 300 MHz) & 7.54—7.50
(m, 2H, ArH), 7.40—7.35 (m, 2H, ArH), 2.39 (s, 1H, OH), 1.77 (m,
3H, CH,); '*C NMR (CDCl,;, 100 MHz) § 136.9, 134.9, 128.7, 127.8,
125.5 (q, J = 286), 74.7 (q, ] = 30), 24.1; YF NMR (CDCl,, 282
MHz,) 5§ —81.7 (s, CF;). This data is consistent with that reported in
the literature.'®

1,1,1,3,3,3-Hexafluoro-2-phenylpropan-2-ol (Table 2, Entry
3). '"H NMR (CDCl,, 400 MHz) & 7.74—7.71 (m, 2H, ArH), 7.49—
7.45 (m, 3H, ArH), 3.55 (s, 1H, OH); *C NMR (CDCl,, 100 MHz) §
130.4, 129.5, 128.8, 126.7, 122.8 (q, ] = 288), 77.1 (septet, ] = 30); *°F
NMR (CDCl,, 282 MHz) § —76.1 (s, CF,). An isolated yield cannot
be reported because of the volatility of the compound. This data is
consistent with that reported in the literature."

1,1,1-Trifluoro-2-(pyridin-2-yl)propan-2-ol (Table 2, Entry 4).
31 mg, 41%; '"H NMR (CDCl,, 300 MHz) § 8.62—8.57 (m, 1H, ArH),
7.85—7.78 (m, 1H, ArH), 7.55=7.50 (m, 1H, ArH), 7.40—7.34 (m,
1H, ArH), 6.33 (s, 1H, OH), 1.73 (s, 3H, CH;); *C NMR (CDCl,,
100 MHz) § 155.5, 1474, 137.6, 126.8, 1239, 121.2, 73.6, 21.9; °F
NMR (CDCl,, 282 MHz) § —81.4 (s, CF;). This data is consistent
with that reported in the literature.

1,1,1-Trifluoro-2-(naphthalen-2-yl)propan-2-ol (Table 2,
Entry 5). 75 mg, 78%; '"H NMR (CDCl,, 300 MHz) § 8.08 (s, 1H,
ArH), 7.92—7.83 (m, 3H, ArH), 7.67 (d, ] = 8.7, 1H, ArH), 7.55—7.48
(m, 2H, ArH), 2.51 (s, 1H, OH), 1.89 (s, 3H, CH,); *C NMR
(CDCl,, 100 MHz) & 135.8, 133.1, 132.9, 128.5, 128.1, 127.5, 126.7,
126.4, 125.8 (q, J = 285), 125.6, 123.6, 75.1 (q, ] = 29), 24.0; °’F NMR
(CDCl,;, 282 MHz) 6 —81.1 (s, CF;). This data is consistent with that
reported in the literature."®

Methyl 4-(1,1,1-triﬂuoro-2-h}ldroxypropan-z-yl)benzoate
(Table 2, Entry 6). 70 mg, 71%; 'H NMR (CDCl,;, 300 MHz) §
8.10—8.04 (m, 2H, ArH), 7.70—7.64 (m, 2H, ArH), 3.93 (s, 3H,
OCH,), 2.46 (s, 1H, OH), 1.81 (s, 3H, CH;); *C NMR (CDCl,, 100
MHz) § 166.8, 143.3, 130.3, 129.5, 126.2, 125.4 (q, ] = 285), 74.8 (q,]
=29), 52.3,23.9; ’F NMR (CDCl,, 282 MHz) 6 —81.3 (s, CF;). This
data is consistent with that reported in the literature.”*

1,1,1-Trifluoro-2-(4-methoxyphenyl)propan-2-ol (Table 2,
Entry 7). 63 mg, 72%; 'H NMR (CDCl;, 400 MHz) & 7.50 (d, J =
9.0, 2H, ArH), 691 (app d, J = 9.0, 2H, ArH), 3.82 (s, 3H, OCH,),
2.56 (br s, 1H, OH), 1.77 (s, 3H, CCH,); *C NMR (CDCl,, 100
MHz) § 159.9, 130.8, 127.6, 125.8 (q, ] = 285), 113.8, 74.7 (q, ] = 29),
55.4,24.0; '°F NMR (CDCl,, 282 MHz) § —81.8 (s, CF,). This data is
consistent with that reported in the literature.'®

4-tert-Butyl-1-(trifluoromethyl)cyclohexanol (Table 2, Entry
8). 46 mg, 51%; 'H NMR (CDCl;, 300 MHz) § 2.26—2.19 (m, 2H,
CH,), 1.96 (br s, 1H, OH), 1.76—1.68 (m, 2H, CH,), 1.52—1.45 (m,
2H, CH,), 1.38—125 (m, 2H, CH,), 1.15-1.05 (m, 1H, CHC-
(CH,)5), 0.86 (s, 9H, CH;); *C NMR (CDCls, 100 MHz) § 127.0 (g,
J = 286), 72.0 (q, ] = 27), 46.3, 33.3, 32.3, 27.5, 23.0; ’F NMR
(CDCl,, 282 MHz) 6 —78.3 (s, CF;). This data is consistent with that
reported in the literature.”*

(1-(Anthracen-9-yl)-2,2,2-trifluoroethoxy)tributylstannane
(6). To a mixture of anthracene-9-carbaldehyde (412 mg, 0.20 mmol)
and cesium fluoride (30.5 mg, 0.20 mmol) in THF (0.4 mL) was
added tributyl(trifluoromethyl)stannane (79.0 mg, 0.22 mmol). The
mixture was stirred at rt for 3 h, diluted with Et,O (3 mL) and filtered
through Celite. The filtrate was concentrated in vacuo, and to the
resulting crude mixture was added hexane (S mL). The suspension was
filtered, and the filtrate was concentrated to provide the title
compound as a yellow oil: 109 mg, 96%; 'H NMR (400 MHz,
CD,Cl,) 6 9.35 (d, J = 9.2, 1H, ArH), 8.51 (s, 1H, ArH), 823 (d, ] =
9.2, 1H, ArH), 8.05 (d, J = 9.2, 1H, ArH), 8.01—-7.99 (m, 1H, ArH),
7.59—7.55 (m, 1H, ArH), 7.50—7.44 (m, 3H, ArH), 6.61—6.53 (m,
1H, CHCF,), 1.33—-1.24 (m, 6H, CH,), 1.14—1.04 (m, 6H, CH,),
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0.92—0.84 (m, 6H, CH,), 0.73 (t, ] = 11.2, 9H, CH,); *C NMR (100
MHz, CD,CL,) § 132.6, 131.9, 131.5, 130.9, 129.9 (2C), 129.4, 129.3
(q,J=3.1), 1289, 127.0, 126.0, 125.4, 125.2, 124.9, 123.2,73.5 (q, ] =
33), 28.0, 27.4, 15.5, 13.7; ’F NMR (CD,Cl,, 282 MHz,) § —74.3 (d,
J = 8.2); ESI HRMS calculated for C,gH;,F;0Sn* 566.1818, found
566.1811.

2,2,2-Trifluoro-1-phenylethanol (Table 3, Entry 1). 'H NMR
(CDCl,, 400 MHz) & 7.44—7.37 (m, 2H, ArH), 7.38—7.33 (m, 3H,
ArH), 5.01-4.92 (m, 1H, CHCEF;), 2.46 (d, ] = 4.6, 1H, OH); “F
NMR (CDCl,, 282 MHz) § —78.9 (d, J = 6.7, CF;). An isolated yield
cannot be reported, and it was not possible to record a *C NMR
spectrum because of the volatility of the compound. This data is
consistent with that reported in the literature.”®

1-(Anthracen-9-yl)-2,2,2-trifluoroethanol (Table 3, Entry 2).
92 mg, 83%; 'H NMR (CDCl,, 300 MHz) & 8.96 (br s, 1H, ArH),
8.52 (s, 1H, ArH), 8.11 (br s, 1H, ArH), 8.02 (d, ] = 8.3, 2H, ArH),
7.60—7.4S (m, 4H, ArH), 6.62 (m, 1H, CHOH), 2.98 (d, ] = 4.4, 1H,
OH); C NMR (CDCl,;, 100 MHz) § 131.9, 130.9, 129.5, 127.2,
126.4, 125.6 (q, ] = 284), 125.1, 123.9, 122.6, 70.3 (q, ] = 34); °F
NMR (CDCl,, 282 MHz) § —74.5 (d, ] = 7.9, CF;). This data is
consistent with that reported in the literature.*

2,2,2-Trifluoro-1-(4-nitrophenyl)ethanol (Table 3, Entry 3).
43 mg, 49%; 'H NMR (CDCl,, 300 MHz) & 8.34—8.23 (m, 2H, ArH),
7.74=7.65 (m, 2H, ArH), 5.18 (q, ] = 6.3, 1H, CHCF;), 2.86 (s, 1H,
OH); ®C NMR (CDCl,, 100 MHz) § 148.6, 1404, 128.5, 123.7,
123.7 (q, J = 282), 71.9 (q, J = 32); ’F NMR (CDCl,, 282 MHz) §
—78.7 (dd, ] = 6.1, 3.7, CF;). This data is consistent with that reported
in the literature.”®

1-[4-(Dimethylamino)phenyl]-2,2,2-trifluoroethanol (Table
3, Entry 4). 61 mg, 70%; 'H NMR (CDCl;, 400 MHz) § 7.35—
7.30 (m, 2H, ArH), 6.74—6.70 (m, 2H, ArH), 491 (qd, ] = 6.8, 4.4,
1H, CHOH), 2.98 (s, 6H, NCH;), 2.32 (d, ] = 4.5, 1H, OH); "C
NMR (CDCl,, 100 MHz) § 151.3, 1284, 124.6 (q, ] = 282), 121.7,
112.3,72.7 (q, ] = 32), 40.4; ’F NMR (CDCl,, 282 MHz) 5 —79.0 (d,
J = 6.7, CF;). This data is consistent with that reported in the
literature.>®

1-(4-Bromophenyl)-2,2,2-trifluoroethanol (Table 3, Entry 5).
75 mg, 70%; "H NMR (CDCl;, 400 MHz) § 7.58—7.53 (m, 2H, ArH),
7.36 (d, ] = 8.7, 2H, ArH), 5.01 (q, ] = 6.6, 1H, CHCEF;), 2.60 (br s,
1H, OH); *C NMR (CDCl,;, 100 MHz) § 132.8, 131.8, 129.1, 123.9
(q,J = 282), 123.8, 72.2 (q, ] = 32); F NMR (CDCl,, 282 MHz) §
—79.0 (dd, J = 6.7, 2.1, CF;). This data is consistent with that reported
in the literature.”’

2,2,2-Trifluoro-1-(furan-2-yl)ethanol (Table 3, Entry 6). 'H
NMR (CDCl, 300 MHz) § 7.48 (dd, J = 1.9, 0.8, 1H, ArH), 6.54 (d, ]
= 34, 1H, ArH), 643 (d, ] = 3.4, 1.9 Hz, 1H, ArH), 5.06 (m, 1H,
CHOH); '°F NMR (CDCl,, 282 MHz) § —78.5 (d, ] = 6.7, CF;). An
isolated yield cannot be reported, and it was not possible to record a
3C NMR spectrum because of the volatility of the compound. This
data is consistent with that reported in the literature.*®

2,2,2-Trifluoro-1-[4-(tetrahydro-2H-pyran-2-yloxy)phenyl]-
ethanol (Table 3, Entry 7). Compound was isolated as a white solid,
asa 1: 1 mixture of two diastereomers: 71 mg, 64%; "H NMR (CDCl,,
400 MHz) 6 7.41-7.36 (2X m, 2H, ArH), 7.08—7.03 (2X m, 2H,
ArH), 545-540 (2x m, 1H, OCHO), 4.97—-4.89 (2x m, 1H,
CHCEF,), 3.92—3.84 (2x m, 1H, OCHCH,), 3.64—3.56 (2xX m, 1H,
OCH,), 2.90 (1x d, ] = 4.6, 1H OH), 2.88 (1x d, J = 4.7, 1H, OH),
2.05—1.95 (2x m, 1H, CH,), 1.88—1.83 (2x m, 2H, CH,), 1.75—1.5§
(2x m, 3H, CH,); *C NMR (CDCl,;, 100 MHz) § 157.9 (2x C),
128.7 (4x C), 127.1 (2x C), 124.3 (2x C, q, ] = 283), 116.5 (2x C),
1164 (2x C),96.3 (2x C), 725 (1X C,q,J=32),724 (1 X C,q,] =
32), 62.1 (2x C), 30.3 (2x C), 25.1 (2x C), 18.7 (2x C); F NMR
(CDCl,, 282 MHz) 6 =79.0 (d, J = 7.1, CF,); mp 68.1—69.9;
MALDI/ESI HRMS calculated for C,3H,F;NaO;* 299.0866, found
299.0867.

2,2,2-Trifluoro-1-(4-(trityloxy)phenyl)ethanol (Table 3, Entry
8). Compound was isolated as a colorless oil: 118 mg, 68%; 'H NMR
(CDCl,, 300 MHz) & 7.46—7.43 (m, 6H, ArH), 7.31-7.21 (m, 9H,
ArH), 7.08 (d, ] = 8.8, 2H, ArH), 6.74—6.66 (m, 2H, ArH), 4.82—4.80
(m, 1H, CHCF;), 2.31 (br d, J = 4.5, 1H, OH); *C NMR (CDCl,,
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100 MHz) § 157.5, 144.0, 129.0, 128.0, 127.9, 127.8, 127.4, 126.7,
1244 (q, J = 282), 90.8, 72.6 (q, J = 33); ’F NMR (CDCl,, 282
MHz) 6 —79.0 (d, ] = 6.6, CF;). It was not possible to acquire mass
spectrometry data for this compound using EI, ESI or MALDI
ionization techniques.

2,2,2-Trifluoro-1-(4-((2-methoxyethoxy)methoxy)phenyl)-
ethanol (Table 3, Entry 9). Compound was isolated as a colorless
oil; 75 mg, 67%; "H NMR (CDCl,, 400 MHz) & 7.41—7.37 (m, 2H,
ArH), 7.10—7.06 (m, 2H, ArH), 5.28 (s, 2H, OCH,0), 497 (q, ] =
6.8, 1H, CHCF,), 3.84—3.80 (m, 2H, OCH,), 3.57—3.53 (m, 2H,
OCH,), 3.37 (s, 3H, OCH;), 2.61 (br s, 1H, OH); *C NMR (CDClI,,
100 MHz) § 158.3, 130.3, 128.9, 124.4 (q, ] =283), 1164, 93.5, 72.6
(q,J = 33),71.7, 67.9, 59.2; ’F NMR (CDCl,, 282 MHz,) § —79.0 (d,
] = 6.8); ESI HRMS calculated for C,,H;sF;NaO,* 303.0815, found
303.0817.

B ASSOCIATED CONTENT

© Supporting Information

General experimental details, "H NMR spectra of previously
reported compounds, 1D and 2D NMR spectra of new
compounds. This material is available free of charge via the
Internet at http://pubs.acs.org.

B AUTHOR INFORMATION

Corresponding Author
*E-mail: franziska.schoenebeck@rwth-aachen.de.

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This work was supported by ETH Ziirich, an ETH
Independent Investigator’s Research Award, and the Carlsberg
Foundation (postdoctoral fellowship to M.C.N.).

B REFERENCES

(1) (a) Purser, S.; Moore, P. R.; Swallow, S.; Gouverneur, V. Chem.
Soc. Rev. 2008, 37, 320. (b) Smart, B. E. J. Fluorine Chem. 2001, 109, 3.
(c) Hagmann, W. K. J. Med. Chem. 2008, S1, 4359.

(2) (a) Gee, K. W,; Lan, N. C. (Cocensys, Inc.) USA, PCT Int. Appl.
1994, WO 9427608 (et al., Chem. Abstr. 122,291311). (b) Begue, J.-P.;
Bonnet-Delpon, D. J. Fluorine Chem. 2006, 127, 992.

(3) (a) Batageri, R; Zhang, Y,; Zindell, R. M.; Kuzmich, D. K;
Kirrane, T. M,; Bentzien, J.; Cardozo, M.; Capolino, A. J; Fadara, T.
N,; Nelson, R. M,; Paw, Z.; Shih, D. T.; Shih, C. K; Jelaska, L. Z,;
Nabozny, G.; Thomson, D. S. Biorg. Med. Chem. Lett. 2005, 15, 4761.
(b) Isanbor, C.; O'Hagan, D. J. Fluorine Chem. 2006, 127, 303.

(4) (a) Reinhard, E. J.; Wang, J. L; Durley, R. C.; Fobian, Y. M,;
Grapperhaus, M. L,; Hickory, B. S.; Massa, M. A.; Norton, M. B,;
Promo, M. A; Tollefson, M. B.; Vernier, W. F.; Connolly, D. T.;
Witherbee, B. J.; Melton, M. A,; Regina, K. J.; Smith, M. E.; Sikorski, J.
A. J. Med. Chem. 2003, 46, 2152. (b) Kirk, K. L. J. Fluorine Chem. 2006,
127, 1013.

(5) (a) Ruppert, L; Schlich, K; Volbach, W. Tetrahedron Lett. 1984,
25, 2195. (b) Prakash, G. K. S.; Krishnamurti, R,; Olah, G. A. J. Am.
Chem. Soc. 1989, 111, 393.

(6) (a) Song, J. J; Tan, Z,; Reeves, J. T.; Gallou, F,; Yee, N. K;
Senanayake, C. H. Org. Lett. 2008, 7, 2193. (b) Mizuta, S.; Shibata, N.;
Ogawa, S.; Fujimoto, H.; Nakamura, S.; Toru, T. Chem. Commun.
2006, 2575. (c) Wu, S.; Zeng, W.; Wang, Q.; Chen, F.-X. Org. Biomol.
Chem. 2012, 10, 9334.

(7) (a) Gassman, P. G; Ray, J. A.; Wenthold, P. G.; Mickelson, J. W.
J. Org. Chem. 1991, 56, 5143. (b) Singh, R. P.; Cao, G.; Kirchmeier, R.
L.; Shreeve, J. M. J. Org. Chem. 1999, 64, 2873. (c) Motherwell, W. B,;
Storey, L. J. J. Fluorine Chem. 2005, 126, 491. (d) Singh, R. P,
Kirchmeier, R. L.; Shreeve, J. M. Org. Lett. 1999, 1, 1047. (e) DiLauro,
A. M,; Seo, W,; Phillips, S. T. J. Org. Chem. 2011, 76, 7352.

7753

(8) Wiedemann, J.; Heiner, T.; Mloston, G.; Prakash, G. K. S.; Olah,
G. A. Angew. Chem,, Int. Ed. 1998, 37, 820.

(9) Rudzinski, D. M; Kelly, C. B.; Leadbeater, N. E. Chem. Commun.
2012, 48, 9610.

(10) For a review, see: Ma, J.-A; Cahard, D. J. Fluorine Chem. 2007,
128, 975.

(11) (a) Prakash, S. G. K;; Jog, P. V.; Batamack, P. T. D.; Olah, G. A.
Science 2012, 338, 1324. (b) Shono, T.; Ishifune, M.; Okada, T;
Kashimura, S. J. Org. Chem. 1991, $6, 2. (c) Folleas, B.; Marek, L;
Normant, J.-F,; Saint, J. L. Tetrahedron Lett. 1998, 39, 2973.
(d) Barhdadi, R;; Troupel, M.; Perichon, J. Chem. Commun. 1998,
12,1251. (e) Large, S.; Roques, N.; Langlois, B. R. J. Org. Chem. 2000,
6S, 8848. (f) Kawai, H; Yuan, Z; Tokunaga, E; Shibata, N. Org.
Biomed. Chem. 2013, 11, 1446.

(12) (a) Pooput, C.; Dolbier, W. R,, Jr.; Medebielle, M. J. Org. Chem.
2006, 71, 3564. (b) Takechi, N.; Ait-Mohand, S.; Medebielle, M.;
Dolbier, W. R. Tetrahedron Lett. 2002, 43, 4317.

(13) Stannanes can be prepared from silane precursors: (a) Warner,
B. P.; Buchwald, S. L. J. Org. Chem. 1994, 59, 5822. (b) Prakash, G. K.
S.; Yudin, A. K; Deffieux, D.; Olah, G. A. Synlett 1996, 151. However,
Bu;SnCF; is also commercially available

(14) Pearson, R. G. J. Am. Chem. Soc. 1963, 8S, 3533.

(15) Sanhueza, 1. A;; Nielsen, M. C.; Ottiger, M.; Schoenebeck, F.
Helv. Chim. Acta 2012, 95, 2231.

(16) Cu-mediated difluoromethylation using a stannane precursor is
also possible; see: Prakash, G. K. S; Ganesh, S. K; Jones, J. P;
Kulkarni, A.; Masood, K.; Swabeck, J. K; Olah, G. A. Angew. Chem.,,
Int. Ed. 2012, 51, 12090.

(17) (a) Cottrell, T. L. In The Strengths of Chemical Bonds, 2nd ed.;
Butterworth: London, 1958. (b) Benson, S. W. J. Chem. Educ. 1965,
42, 502. (c) Kerr, J. A. Chem. Rev. 1966, 66, 465.

(18) Mizuta, S.; Shibata, N.; Akiti, S.; Fujimoto, H.; Nakamura, S.;
Toru, T. Org. Lett. 2007, 9, 3707.

(19) Babadzhanova, L. A.; Kirij, N. V.; Yagupolskii, Y. L.; Tyrra, W.;
Naumann, D. Tetrahedron 2005, 61, 1813.

(20) Modec, B.; Stephan, M. J. Chem. Crystallogr. 2011, 41, 386.

(21) Powers, J. P; Sun, D.; Yan, X,; Julian, L.; Gonzalez Lopez de
Turiso, F. (Amgen, Inc.) Tricylic inhibitors of hydroxysteroid
dehydrogenases. US Patent US2008/007269, December 24, 2008.

(22) Carcenac, Y.; Tordeux, M.; Wakselman, C.; Diter, P. J. Fluorine
Chem. 2008, 126, 1347.

(23) Verrier, C.; Oudeyer, S.; Dez, L; Levacher, V. Tetrahedron Lett.
2012, $3, 1958.

(24) Yong, K. H; Chong, J. M. Org. Lett. 2002, 4, 4139.

(25) Zhao, Y.; Zhuy, J.; Ni, C.; Huy, J. Synthesis 2010, 11, 1899—1904.

(26) Singh, R. P.; Chakraborty, D.; Shreeve, J. M. J. Fluorine Chem.
2001, 111, 153.

(27) O’Shea, P. D.; Chen, C.-Y.; Gauvreau, D.; Gosselin, F.; Hughes,
G.; Nadeau, C,; Volante, R. P. J. Org. Chem. 2009, 74, 160S.

(28) Folléas, B.; Marek, L; Normant, J.-F.; Saint-Jalmes, L.
Tetrahedron 2000, 56, 275.

dx.doi.org/10.1021/jo401099e | J. Org. Chem. 2013, 78, 77497753


http://pubs.acs.org
mailto:franziska.schoenebeck@rwth-aachen.de

