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ABSTRACT: An asymmetric 3-component reaction between EthynylBenziodoXoles (EBxs), 2,2,2-trifluorodiazoethane and
nucleophiles catalyzed by a Cu(I)Box catalyst is described. This protocol gives access to chiral trifluoromethylated propar-
gylethers and anilines, which are valuable building blocks in synthetic and medicinal chemistry. The reaction proceeds with
high enantioselectivity and yield with different nucleophiles such as primary, secondary and tertiary alcohols, as well as both
electron-rich and electron-poor anilines. Aryl-, Alkyl- and silyl-substituted alkynes can be successfully introduced as electro-
philes. In case of chiral substrates, high catalyst control was observed, leading to good diastereoselectivity.

The unique physico-chemical properties of the fluorine atom
provide compounds with excellent pharmacokinetic proper-
ties, which make them important for drug design.1.2 Moreover,
organofluorine compounds are also frequently encountered in
agrochemicals and materials.3 Propargylic ethers and amines
are synthetically important, as they combine the rigidity, elec-
tronic properties and easy post-functionalization of alkynes
with the nucleophilic and hydrogen bonding properties of the
heteroatoms.#> Combined with a trifluoromethyl group, valua-
ble building blocks for synthetic and medicinal chemistry are
therefore obtained.¢ Due to the different bioactivity of enantio-
meric compounds, the synthesis of enantioenriched trifluoro-
methylated carbinols and anilines has attracted especially at-
tention recently (Scheme 1A).7 Traditional approaches to these
compounds are based on the use of chiral catalysts in (a) the
addition of CF3-based nucleophiles to ynones (e.g. Rupert-Pra-
kash reagent),’28 (b) the addition of acetylides onto carbonyl
compounds or imines,%10 (¢) the addition of carbon nucleo-
philes to trifluoromethylated alkynyl ketones and the reduc-
tion of the corresponding trifluoromethylated propargyl
imines 1112 or (d) via kinetic resolution of the propargyl alco-
hols.62 Nevertheless, in some cases stoichiometric amounts of
strong bases, lower or higher temperatures, expensive cata-
lysts (Rh, Pd, among others), and/or additives are needed. Fur-
thermore, these protocols often present a narrow scope. Fi-
nally, most methods give access only to alcohols, requiring ex-
tra synthetic steps if the ethers are targeted. Therefore, the de-
velopment of new stereoselective strategies for the synthesis
of trifluoromethylated propargylic compounds is needed.

In this regard, Multi-Component Reactions (MCRs) have
demonstrated their potential for the formation of chiral com-
pounds with high molecular diversity and complexity.13
Through the formation of a metal carbene, diazo compounds
can react as nucleophiles and electrophiles at the same carbon
center, allowing the formation of multiple chemical bonds in a
single step.1415 Recently, fluorinated diazo compounds, such as

2,2,2-trifluorodiazoethane (HN2CCF3, 1), have been used in the
synthesis of trifluoromethylated compounds.1é Nevertheless,
enantioselective methods have been mostly limited to cyclo-
propanation.!” In the case of MCRs, there are only examples of
the use of amines as nucleophiles to access aziridines, tria-
zolines or 1,2-diamines.!8 To the best of our knowledge, the use
of alcohols as nucleophiles in asymmetric MCRs with fluori-
nated diazo compounds has never been reported.

Scheme 1. State of the art for the synthesis of fluori-
nated propargylic ethers and anilines and our approach
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In 2016, our group reported an oxyalkynylation reaction of di-
azo compounds using EthynylBenziodoXolones (EBX) or their
derivatives and a copper catalyst.1? Later, enantioselective var-
iation of this reaction were developed using BOX ligands.20 Tri-
fluoromethylated diazo compounds were not used in these
early works. Interestingly, despite copper being one of the most



earth-abundant transition-metal catalysts, it has been only
barely used in carbene-based enantioselective MCRs.2! Re-
cently, we could extend the use of copper catalysis to a 3-CR
reaction between modified EBX derivatives, diazo compounds,
and nucleophiles, such as alcohols?? or anilines.23 For the first
time, trifluoromethylated diazo compounds could be used.
However, the development of an enantioselective method has
not yet been reported.

Herein, we describe the first asymmetric 3-CR between 2,2,2-
trifluorodiazoethane (1), EBX derivatives and nucleophiles for
the synthesis of trifluoromethylated propargylic ethers and
anilines. The reaction proceeds with high enantioselectivity for
non-chiral alcohols and anilines and high diastereoselectivity
under catalyst control for chiral alcohols. In the case of alcohol
nucleophiles, primary, secondary and tertiary alcohols could all
be used, the latest being challenging targets for traditional
etherification reactions.2*

As a model system, we chose the 3-CR of 2,2,2-trifluorodi-
azoethane (1), EthynylBenziodoxole (EBx) 2a and cyclohexa-
nol (3a) (Table 1). After optimization, the enantioselective 3-
CR could be performed using commercially available
Cu(MeCN)4BFs and BOX ligand L1 at room temperature using
DCE as solvent to give product 4aa in 85% yield and 96:4 er
after 1 h of reaction (Table 1, entry 1). On 0.20 mmol scale, 4aa
could be isolated in 83% yield. With indaBOX ligand L2, a quan-
titative yield, but lower selectivity was obtained (Table 1, entry
2). Using similar conditions than in our previous enantioselec-
tive oxyalkynylation work?20b -generation of a cationic complex
in situ from CuCl/AgNTf; in presence of L1 or L2- led to similar
results (Table 1, entries 3 and 4). Other counterions, such as
SbFe, PFe or OTf gave 4aa in similar or lower yields and er
(Table 1, entries 5-7). Different Cu(I) catalysts, such as
Cu(OTf)ePhMe, Cul or CuTc, (Table 1, entry 8 and Supporting
Information) were also tested, but no improvement was ob-
served. Using Cu(Il) salts, such as Cu(OAc)z or Cu(OTf): was
also less efficient (Table 1, entries 9-10). A larger excess of 3a
did not lead to a significant improvement (Table 1, entry 11).
Using only 1.5 equiv of 3a afforded compound 4aa in lower
yield, but similar selectivity (Table 1, entry 12). Non-chlorin-
ated solvents were also tested. No reaction was observed with
MeCN and a lower yield and similar selectivity than with DCE
when using PhMe. (Table 1, entries 13-14). Further solvents
and conditions were also tested but did not lead to any im-
provements (see Supporting Information).

With these optimized conditions in hand, we explored the
scope and limitations of the asymmetric reaction between 1, 2a
and different alcohols 3a-3p (Scheme 2). Enantiopure (S)-2-
phenylethanol (3b) afforded compound 4ab in good yield and
diastereoselectivity (70% and 95:5 dr, respectively). Switching
to tertiary alcohols, tert-butanol (3¢) gave 4acin 72% yield and
96:4 er. Tert-amyl alcohol (3d) afforded the corresponding
propargylic ether 4ad in good yield (70%) and selectivity (94:6
er). The presence of an arene in the aliphatic chain (3e-g) was
tolerated, yielding products 4ae-g in 43-65% yield with 97:3-
98:2 er. Cyclic alcohol 3h gave 4ah in 55% yield and 95:5 er.
The use of adamantyl-substituted alcohols deserves a special
attention since this structure can be found in pharmaceuti-
cals.25 In our case, trifluoromethylated propargylic ethers 4ai
and 4aj containing adamantyl substituents were obtained in
good yield and enantioselectivity.

Table 1. Optimization of the MCR reaction?

Cu(MeCN)4BF4
(2 mol%) Ph

)Ni Ph+ =19 o, +Hoz:> L1 (2.5 mol%) \\ O/O
H™ "CFs CFs DCE, Ny, RT, 1h H)(CF3
1 (2 equiv) 2a(1equiv)  3a(2equiv) 4aa

(0.33-0.40M  (0.15 M in DCE)
in DCM)

Entry Modifications Yie(l;o t)l-aa er
1 none 85 (83) 96:4
2 L2 quant. 11:89
3 CuCl/AgNTf2 75 93:7
4 CuCl/AgNTf2 and L2 95 11:89
5 Cu(MeCN)4SbFs 89 92:8
6 Cu(MeCN)4PFs 69 89:11
7 Cu(MeCN)4OTf 77 93:7

Cu(OTf)ePhMe 78 95:5

Cu(OAc)2 69 85:15

10 Cu(O0Tf): 68 96:4
11 4 equiv of 3a 88 94:6
12 1.5 equiv of 3a 65 95:5
13 MeCN n.d.
14 PhMe 94:6

Me_Me

(o] O,
Q)YJ
N N
tBu Bu
L1

Conditions: aThe reactions were performed with 0.15 mmol
of 2a. The active chiral complex was formed mixing the Cu(I)
catalyst with L1 or L2 in the reaction solvent during 1 h. The
yield was determined by 19F-NMR using 1 equiv of PhCF3 as in-
ternal standard. The enantiomeric ratio (er) was determined
by chiral HPLC. bIsolated yield at 0.20 mmol scale is indicated
in brackets.

We then turned to primary alcohols. Benzyl alcohol (3k) was
also well tolerated under the reaction conditions to give 4ak in
78% and 93:7 er. However, when hexanol (31) was submitted
to the standard conditions, the desired product was obtained
in good yield (84%), but lower selectivity (85:15 er). The use of
a stoichiometric ratio between the Cu(I) salt and L1 afforded
compound 4al in similar yield but higher enantioselectivity
(93:7 er) (See SI, for more information). Ethanol (3m) afforded
4am in 85% yield and 93:7 er. The presence of a trimethylsilyl
group (3n) was also well tolerated under the optimized condi-
tions to give 4an in 58% yield and 90:10 er. This reaction was
also performed at 1 mmol scale and product 4an was obtained
in similar yield (51%) and a slightly higher selectivity (93:7 er).
Switching to less nucleophilic alcohols, such as trifluoroethanol
(30), we observed poor selectivity and moderate yield.2é



Scheme 2. Scope of the 3-CR with 2,2,2-trifluorodiazoethane (1) and different alcohols (3) and EBxs (2).2
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aThe reactions were performed at 0.20 scale and isolated yield are given. The enantiomeric excess was obtained by chiral HPLC
after flash column purification. The diastereomeric ratio was obtained from the crude reaction mixture by FNMR. b2 mol%

Cu(MeCN)4BF4 and 2 mol% L1.

Finally, we moved to the study of the substitution on the al-
kyne. We observed that a strong electron withdrawing nitro
group in para-position of the phenyl ring led to high enanti-
oselectivity, as showed with compounds 4bp and 4ba which
were obtained in 55% yield/98:2 er and 87% yield/97:3 er,
respectively. Ortho-substitution with a bromine group gave
product 4ca in 82% yield and 93:7 er. Importantly, silyl al-
kynes giving access to synthetically useful terminal alkynes
were also tolerated. Product 4de was obtained in moderate
yield (60%), but excellent er (99:1). A 93:7 diastereoselectiv-
ity was obtained in the case of enantiopure alcohol 3b. Com-
pound 4eb containing a cyclopropylalkyne was formed in
63% yield and 92:8 diastereoselectivity.

Valuable enantiopure alcohols are widely found in nature.
Considering the impressive catalyst control observed with
phenethyl alcohol (2b) using our method, we decided to in-
vestigate more complex substrates (Scheme 3). We first re-
optimized the reaction for the use of the alcohol as limiting
reagent (See SI for more information). The use of 1 equiv of
(-)-menthol (5a) gave alkyne 6 in 81% yield and excellent di-
astereoselectivity (2:98 dr) after overnight reaction. When
(+)-menthol (5b) was submitted to the same conditions,
product 7 was obtained in 89% yield and 96:4 dr, displaying
again an excellent catalyst control. Other terpene derived al-
cohols could also be used, giving products 8-10 in 64-89%
yield and 85:15-97:3 dr. A lower selectivity was observed
when starting from the chiral tertiary alcohol cedrol (5d)
(product 9, 85:15 dr). The reaction was also successful for a
protected serine derivative 5f as an example of chiral pri-
mary alcohol, and ether 11a was obtained in 63% yield and
93:7 dr. The reaction of alcohol 5f was also performed with
TIPS-substituted reagent 2d, giving compound 11b in 66%
yield and 90:10 dr. Compound 11b was obtained in slightly
higher yield and diastereoselectivity at the 1 mmol scale.

Scheme 3. Scope of the 3-CR with 2,2,2-trifluorodi-
azoethane (1) and chiral alcohols (5).2

Rl-=——1—0 Cu(MeCN),BF (2 mol%) \\
N2 0 OR?
JC CFs ) Ligand 1 (2.5 mol%) ,
H OCFy * cFy *HOR H CF
DCE, RT, N 3
1 (2 equiv.) c ofn. N,
(0.33-0.40M 2 (1.5 equiv.) 5 (1 equiv.) 6-11
in DCM)
Me
R Q \\ YN
CF3 Me Me
6, 81%, 2:98 dr 7,89%, 96:4 dr 8, 74%, 97:3 dr 9, 64%,° 85:15 dr
BnO,C TIPS BnO,C
. o \\ fNHCbz \\ fNHCbz
E CF3

10, 89%, 93:7 dr 11a, 63%, 93:7 dr 11b, 66%, 90:10 dr (16 h)
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aReaction conditions: Unless otherwise noticed, the reac-
tions were performed at 0.25 mmol scale. Isolated yields by
flash column chromatography are given. The diastereomeric
ratio was obtained from the crude reaction mixture by
19FNMR. bUsing Cu(MeCN)4SbFs, 1 equiv of 2a and 4 equiv. of
alcohol 5e.

Next, we move to the study of anilines as nucleophiles
(Scheme 4) considering our previous work on the racemic
process.23 We chose as a model the reaction between 1, 2a
and methyl 4-aminobenzoate (11a). Unfortunately, despite
the good er obtained (98:2); the desired product (12aa) was
obtained in only 66% yield with low reproducibility using



the conditions optimized for alcohols. After screening of dif-
ferent BOX ligands, Cu(I) catalysts, solvents, concentrations
and temperatures, L2 in combination with the cationic com-
plex formed between CuCl/AgNTf2 in DCE at room tempera-
ture afforded compound 13aa in good yield (71%) and good
enantioselectivity (94:6 er) with high reproducibility (See
Supporting Information for further details on reaction opti-
mization). When reagent 2d was submitted to the re-opti-
mized conditions, compound 13da was obtained in 52%
yield and 86:14 er. Alkyl substitution was also well tolerated
on the alkyne. Both cyclopropyl (c-Pr) and tert-butyl (t-Bu)-
substituted alkynes gave products 13ea and 13fa in 71%
yield and 91:1 er and 64% yield and 94:6, respectively. Thio-
phene substituted alkyne 13ga was obtained in 65% yield
and 91:9 er. The scope of substituted anilines was then ex-
plored. Electron withdrawing groups, such as trifluorome-
thyl or para-fluoro gave the desired products 13ab and
13ac?’ in similar yield and selectivity. 1,2,3,4-Tetrahydro-
quinoline afforded compound 13ad in moderated yield and
good enantioselectivity. The presence of a methyl or meth-
oxy in para position led to lower enantioselectivity (products
13ae and 13af).

Scheme 4. Scope of the 3-CR with 2,2,2-trifluorodi-
azoethane (1) and anilines (12).2
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aThe reactions were performed at 0.25 mmol scale. Iso-
lated yields are given. The enantiomeric excess was obtained
by chiral HPLC after PTLC

We also examined phenols and carboxylic acids as nucleo-
philes (Scheme 5A). In this case, the combination of
Cu(MeCN)4SbFs and an excess of the nucleophile afforded the
best results. In the case of phenols 14a and 14b, compounds
15a and 15b were obtained in good yield and moderate se-
lectivity. In contrast, using 2-cyclohexanecarboxylic acid
(16), we were able to reach good enantioselectivity for ester
17, but the reaction did not go to completion.

To determine the absolute configuration of the propargylic
ether products, ether 4an was deprotected using BF30Et: to
give alcohol 18 in 87% yield (Scheme 5B). Compound 18 was
reacted with p-nitrobenzoyl chloride to give compound 19,
which allow us to determine the absolute configuration via

X-rays analysis.28 Deprotection of the TIPS group was per-
formed on compound 11b by treatment with AgF, giving ter-
minal alkyne 20 in 82% yield , albeit with a lower dr.

Scheme 5. Scope extension (A) and products modifi-
cation (B and C).2
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aUnless indicated otherwise, the reactions were per-
formed at 0.20 mmol scale. Isolated yields are given. The en-
antiomeric excess was obtained by chiral HPLC after flash
column purification.

In summary, we have developed the first asymmetric enanti-
oselective 3-CR between hypervalent iodine reagents, 2,2,2-
trifluorodiazoethane (1) and nucleophiles using a Cu(I) cat-
alyst. Tertiary, secondary and primary alcohols as well as
electron-rich and electron-poor anilines can be used as nu-
cleophiles affording fluorinated propargylic ethers and ani-
lines in up to 99:1 er. Alkyl-, aryl- and silyl-substituted EBxs
could be used in the process, giving access to structurally di-
verse alkynes. With chiral substrates, high catalyst control
was observed leading to high diastereoselectivity.
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