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ABSTRACT: Enantioenriched benzyl esters of propiolic acids undergo highly stereospecific decarboxylative coupling to provide
1,1-diarylethynyl methanes. This sp—sp> coupling does not require strongly basic conditions or preformed organometallics and
produces CO, as the sole byproduct. Ultimately, this method results in the successful transfer of stereochemical information from
secondary benzyl alcohols to generate enantioenriched tertiary diarylmethanes.

enantioenriched
diarylmethanes

T ransition-metal-catalyzed cross-coupling reactions that Scheme 1. Catalytic Stereospecific Arylmethylation
generate tertiary stereogenic centers via the alkylation of

secondary sp>-hybridized reactants are potentially powerful
tools for asymmetric synthesis." Despite the significant : 0
advancements made in this area, the asymmetric alkynylation
of secondary benzyl electrophiles is scarcely reported.” Benzyl
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related couplings with other organometallic acetylides.” Legros 1995

However, these reactions rarely utilize secondary benzyl oco,Me  0-5mol % Pd(dba), MeO.C._-CO;Me
% 0.75 mol % dppe :

electrophiles and they suffer from the use of relatively toxic o NaCH(COMe}, : i
benzyl halides. Moreover, the couplings often require DMF. 60°C, 48 h
cocatalysts or preformed organometallics.”** ™ For example, S B
the nickel-catalyzed enantioselective benzyl-acetylide coupling Jarvo 2014 '
requires preformed trialkyl indium complexes.” In addition, Et

OMe 2 mol % [Ni(dppe)Cl]
benzyl-acetylide cross-couplings can result in the formation of EtMgBr (2 equiv)
unwanted side products via isomerization of the alkyne under toluene, rt, 24 h

. .. 3d . 3c
basic media,”™ or further coupling of the product alkyne. 92% ee 80%. 91% ee, 99% cee
Catalytic decarboxylative coupling reactions have emerged as o

potentially powerful alternatives to standard cross-coupling Ph
reactions.” Thus, we envisioned that a wide array of tertiary ]h
diaryl methane motifs that are prevalent in biologically active T
compounds’ could be accessed via decarboxylative benzyl- Jomal % PAEPRs, g@ O
acetylide couplings of enantioenriched diarylmethanol deriva- Wiuene, 110°C, 19 h

tives (Scheme 1). Decarboxylative coupling reactions are 92% ee 84%, 89% ee, 97% cee
particularly well suited for the alkynylation of benzyl electro- 1a 2a
philes since the reactions occur under formally neutral
conditions.’ The absence of added base greatly decreases the
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rate of deprotonation which can lead to racemization of are readily available in enantioenriched form,” making them
enantioenriched benzyl alkynes or formation of allene side ideal substrates for asymmetric cross-coupling reactions.
products.*® Decarboxylative cross-coupling reactions have the
further advantage that they use benzyl alcohol derivatives in lieu Received: August 20, 2015
of more toxic benzyl halides.” Lastly, secondary benzyl alcohols Published: October 9, 2015
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Legros and others have shown that secondary benzylic
electrophiles derivatives can undergo palladium-catalyzed
stereospecific cross-coupling reactions.” These reactions
proceed via the intermediacy of Pd-z-benzyl complexes that
act as chiral benzyl cation equivalents (Scheme 1).

More recently, Jarvo and Watson have made impressive
progress on the development of nickel-catalyzed stereospecific
cross-coupling reactions of secondary benzylic electrophiles to
generate molecules with tertiary stereocenters.” Herein we
report the synthesis of enantioenriched 1,1-diarylethynyl
methanes via a highly stereospecific palladium-catalyzed
decarboxylative benzylation strategy. To the best of our
knowledge, this is the first report of a stereospecific
decarboxylative benzylation. Moreover, we are unaware of any
other cross-coupling method for the direct synthesis of
enantioenriched 1,1-diarylethynyl methanes.

To begin, an array of benzylic ester derivatives were prepared
via esterification of propiolic acids with enantioenriched diaryl
methanols. These alcohols were obtained by a slightly modified
(—)-MIB-catalyzed addition of boronic acids to aldehydes,
originally reported by Braga (Scheme 2).”° This method

Scheme 2. Synthesis of Enantioenriched Propiolic Esters
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produced a wide range of alcohols in high enantiomeric excess;
however, several of the precursor alcohols were obtained in
lower ee (e.g, 1d, 1i, 1o, 1p, Table 1). Nonetheless the Braga
method provided each alcohol in large enough enantiomeric
excess to accurately measure the stereospecificities of
decarboxylative coupling. An additional advantage of this
method for alcohol preparation is that either enantiomer of
the alcohol can be obtained via the appropriate selection of the
aryl boronic acid and the aromatic aldehyde reaction partners.

We then investigated the scope of the stereospecific
decarboxylative benzylation reaction (Table 1). As we and
others have noted,””'’ benzylic cross-couplings that proceed
via 7-benzyl intermediates are much more facile for benzylic
electrophiles that have extended z-conjugation. For example
phenyl propiolic ester of diphenylmethanol did not show any
reactivity under standard conditions. Therefore, a variety of
substituted benzyl propiolates that contain 1-naphthyl, 2-
naphthyl, or indolyl groups were chosen for initial study. Since
m-benzyl formation is accompanied by partial dearomatization
of the coordinating arene, these aromatic groups that have
relatively low resonance energies more readily form such
complexes. For example, selective coordination of naphthalene
instead of a phenyl group would be expected on the basis of the
lower resonance energy of naphthalene (1b, Figure 1).
Ultimately, the decarboxylative coupling of benzyl ester 1b is
facile and forms the product 2b with a high degree of
stereochemical fidelity, with a conservation of enantiomeric
excess (cee) of 94% [cee = (product ee/reactant ee) X 100]
(Table 1). However, oxidative addition is sterically disfavored
by an ortho substituent on the naphthyl ring (1c, Figure 1 and
Table 1), preventing the reaction. Substitution at the ortho
position of the noncoordinating arene (1d, Figure 1) does slow
the coupling; however, the reaction still proceeds with high
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Table 1. Scope of Stereospecific Decarboxylative Benzylation
of Alkynes

g 10 mol % Pd(PPhs)s At

X X
AT0T N toluene, 110°C, 19 h A% "y
Ph

1 2

Pr

entry reactant ee(%)®  product yield (%)° ee (%)° cee (%)
| =
R
s
SR
1b 94 R=H (2b) 85 88 94
1c - R =Me (2c) NR . .
1d 69 - ] M 2d) 31 64 93
1- =
P \\pn
1-Mp
1e 97 (Y '~ (2¢) 8 9% 99
- Ph
OMe
2-Np
1f 94 (S s (20 71 91 97
e Ph
Me
2-Np
R | = \\Q\Fh
1g 94 83 92 98
1h >85 77 95 >99
1i 62 68 43 69
1j 94 92 89 95
1k 91 73 93 >99
1l 81 73 79 98
im - 16¢ ND -
in - 18°¢ ND i
1o 72 69 84 89
1p 75 77 84 85
1q a7 92 60¢ 69

“Determined by chiral HPLC analysis. “Yield of isolated product All
products were stored cold upon isolation to avoid decomposition or
isomerization. “Yield reported using the racemic benzylic ester. “Boc
group removed prior to HPLC analysis.

enantiospecificity (1d, Table 1). Further substitution of the
benzylic esters with a variety of alkyl (2f, 2h, 2j), alkoxy (2d,
2e, 21), or halogen (2g, 2k) substituents allowed for highly
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Figure 1. m-Benzyl formation: sterics and favorable coordination of
arenes with extended 7-conjugation.

enantiospecific (average cee = 97%) cross-coupling, and the
products were isolated in good to excellent yield. However, a
sulfur donor in the para-position led to partial racemization
during the coupling (2i, Table 1). Furthermore, substitution of
one of the arenes with a strongly electron-withdrawing p-NO,
or p-CN substituent, which substantially acidifies the benzylic
proton, drastically lowered the yield of the reaction and these
products were isolated as the allene isomers (2m, 2n).
Interestingly, heteroaromatic phenyl propiolates (lo—1q) also
underwent stereospecific decarboxylative benzylation with
moderate-to-good stereochemical fidelity.

We also briefly examined the effect of the acetylide coupling
partner on the yields and stereospecificity of the decarbox-
ylative coupling (Table 2). In addition to phenyl propiolates,

Table 2. Scope of Stereospecific Decarboxylative
Benzylation: Alkynes

Al O

Ar? J\r:)&

Ar!

‘”’"N

10 mol % pd(PPha}.ﬁ
toluene, 110 °C, 19 h

1 Fh 2. P
entry reactant ee(%)? product yield (%)° ee (%)? cee (%)
1 92 o (2r) 43 87 95
Ph '\\Q\\\Me
1s 93 phjﬁ-;\/\ 2s) 53 81 87
1-N
1t 91 o ).fb\\ @y 59 87 96
.
1u 91 phji% (2u) 62 85 93
“C..
1v 86 Phji% @v) 87 77 90
N \©\0Me
1w ND Fr:) :\@ @w) NR

“Determined by chiral HPLC analysis. Yield of isolated product. All
products were stored cold upon isolation. “Isolated yield after 16 h.

alkyl (1r, 1s) and aryl propiolates (1t—1v) also undergo
decarboxylative benzylation with high stereospecificity. How-
ever, a cyclohexenyl acetylide (1w) did not undergo
decarboxylative benzylation under optimized reaction con-
ditions.

While it was clear that the decarboxylative couplings of most
propiolic esters occur with high stereospecificity, it was
desirable to determine whether the coupling proceeded with
retention or inversion of configuration. With this in mind, an
alcohol [(R)-3k, Scheme 3] of known configuration was
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Scheme 3. Determination of the Stereochemical Course of

the Reaction

Cl

¢ .

_Ph—=—COH _
” OH PyBop, EtzN, DCM
-30°C
(R)-3k {R)-1k
89% ee 62%, 91% ee

10 mol % Pd(PPha)s
toluene, 110 °C, 19

(S)2k
X-ray crystal structure of (5)-2k 73%, 93% ee
>09% cee
prepared.”“"" The alcohol was converted to the highly

enantiomerically enriched phenyl propiolate ester (R)-1k via
PyBop coupling. After the decarboxylative coupling, crystals of
the product were subjected to single crystal X-ray diffraction
analysis which revealed the absolute configuration of 2k to be
(S) (Scheme 3).

The overall inversion of stereochemistry that is observed in
decarboxylative coupling can be mechanistically explained as
follows (Scheme 4). Substrate 1 undergoes oxidative addition

Scheme 4. Proposed Catalytic Cycle for the Decarboxylative
Coupling
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to Pd to generate an 7°-benzyl-Pd carboxylate intermediate.
The oxidative addition is expected to proceed with inversion of
configuration via Sy2-like displacement by palladium.'”

We propose that coordination of the alkyne to Pd, as in
intermediate A, facilitates decarboxylation resulting in the
formation of a benzyl-Pd-acetylide intermediate (B) which
undergoes reductive elimination with retention of stereo-
chemistry to give the cross-coupled product 2 with overall
inversion of stereochemistry. This is similar to Pd-catalyzed
allylic alkylations, where allylation of nonstabilized or “hard”
nucleophiles proceeds with inversion of configuration.*®
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In summary, we have shown that decarboxylative benzylation
of acetylides is highly stereospecific and that the stereochemical
information on a secondary alcohol is successfully transferred to
generate a tertiary stereogenic center. This method provides a
route for the asymmetric coupling of secondary benzylic
electrophiles with alkynes that does not require preformed
organometallics.
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