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In the presence of stoichiometric potassium fluoride, a range of base-sensitive cyclopropenes undergo direct stannylation using
(pentafluoroethyl)tributylstannane. The resulting stannylcyclopropenes serve as precursors to a variety of tetrasubstituted cyclopropenes that

might otherwise be difficult to access using alternative methods.

The high degree of strain inherent in the three-membered
ring of cyclopropenes confers upon these molecules aunique
and interesting range of reactivities, which has made them
the targets of significant investigation from chemists for many
years.> A rich diversity of nucleophilic additions, substitu-
tions, rearrangements, cycloadditions, and ring-opening reac-
tions are among the typical reactions that cyclopropenes
undergo, and new variants of these processes continue to be
developed.™? Due to the versatility of these compounds, the
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development of new methods that enable the synthesis of
functionalized cyclopropenes that are otherwise difficult to
access using conventional methods is in high demand.

In this regard, cyclopropenes containing a trialkylstannyl
substituent on one or both of the akene carbons could
potentially serve as useful precursors to a range of other
cyclopropenes through Stille cross-coupling reactions.> >
Surprisingly, only afew examples of these compounds have
been reported previously.® The standard method to prepare
1- or 2-stannylcyclopropenes is through reaction of a
cyclopropenyllithium species with a trialkyltin chloride.®
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Although useful, this protocol is generally restricted to
cyclopropenes lacking base-sensitive functional groups (such
as esters) since these functional groups can often promote
undesired side-reactions such as cyclopropene ring-opening
(Scheme 1).”

Scheme 1. Ring-Opening of Cyclopropeny! Lithium Species
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Although potential solutions to this problem might lie in
the inverse addition protocol employed by Eckert-Maksi€
and co-workers in the preparation of analogous silyl- and
germyl-substituted cyclopropenes™< or in the dianion ap-
proach using cyclopropene carboxylic acids described by Fox
and co-workers,® the development of more user-friendly
cyclopropene stannylation procedures that proceed under
mild reaction conditions is an attractive goal. Herein, we
describe the efficient stannylation of base-sensitive cyclo-
propenes using the combination of (pentafluoroethyl)tribu-
tylstannane and stoichiometric potassium fluoride.

On the basis of our previous results involving the direct
silylation of base-sensitive cyclopropenes using (trifluorom-
ethyl)trimethylsilane as the silylating agent in conjunction
with substoichiometric quantities of Cu(acac), and dppe,®*°
our exploratory experiments began with attempted stanny-
lation of cyclopropene la using BusSnCF; in place of
TMSCF; (Table 1, entry 1). Unfortunately, only a low

Table 1. Optimization of Conditions for Stannylation of
Cyclopropene 1a

Me0,C_ CO,Me Bu;SnX MeO,C_ CO,Me

metal / ligand
solvent

1a Ph BusSn” 5, Ph
metal salt/ligand BusSnX temp convn
entry (equiv of each) (2 equiv) solvent (°C)  (%)*
Cu(acac)y/
1 dppe (0.05) BusSnCF3 THF rt 10
Cu(acac)y/
2 dppe (0.05) BusSnCF.CF; THF rt 25
3 KF (1.0) Bu3SnCF; DMF rt 54
4 KF (1.0) BusSnCF; DMF 40 67
5 KF (1.0) BusSnCFy,CF3; DMF rt 84
6 KF (1.0) BusSnCF,CF3; DMF 40 98
a

Determined by IH NMR analysis of the unpurified reaction mixtures.

conversion to the desired product 2a was observed. Efforts
to increase the conversion through variation of the copper
source were unproductive. However, it was noticed that use
of BusSnCF,CF; improved the conversion dlightly (entry
2).1* Upon examining related reactions in the literature, we
encountered a single example of a direct stannylation of an
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akyne using BusSnCF; and catalytic KF.*? Since cyclopro-
penes often exhibit properties that are more similar in nature
to alkynes rather than alkenes,® this procedure was deemed
to possess potential merit, and we therefore applied these
conditions to the stannylation of 1a. Although the use of
catalytic KF was not suitable, stoichiometric KF provided a
promising 54% conversion to 2a using BusSnCF; in DMF
(entry 3). Further increases in conversion were realized by
raising the temperature (entry 4, and compare entries 5
and 6) and through the use of BusSnCF,CF; (compare entries
3 and 4 with entries 5 and 6, respectively).** The optimum
conditions employed BusSnCF,CF; and stoichiometric KF
in DMF at 40 °C (entry 6).

The generality of this procedure was investigated using
a variety of base-sensitive 1,3,3-trisubstituted cyclopro-
penes (Figure 1). Dimethyl malonate-derived cyclopro-
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Figure 1. Direct stannylation of various cyclopropenes. Reactions
were conducted using 0.20 mmol of cyclopropene, 0.20 mmol of
KF, and 0.40 mmol of BuSnCF,CF;. Cited yields are of isolated
material.

penes 1la—1d substituted with various aromatic groups or
an alkyl group smoothly underwent the reaction to provide
stannylcyclopropenes 2a—2d in good to excellent yield.
In addition to methyl esters, other tolerated functional
groups at C3 included ethyl esters and either electron-
rich or electron-deficient aromatics, resulting in stannyl-
cyclopropenes 2e—2h in 69—88% vyield.

Two activating substituents (esters or aromatics) at C3 of
the cyclopropene are required for stannylation to proceed
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efficiently.™* For example, cyclopropene 1i provided alk-
enylstannane 2i in only 29% yield (eq 1), while no reaction
was observed with 1j (eq 2).

CO,Et CO,Et
KF (1 equiv)
+  BusSnCF,CFy —————— 1)
1i n-Bu (2 equiv) DMF, 40°C BusSn” 4 “n-Bu
Ph_ Me
KF (1 equiv) .
+  BusSnCF,CF5 - no reaction (2)
1j (2 equiv) DMF, 40 °C

Having developed a mild protocol for the direct stanny-
lation of base-sensitive cyclopropenes, the utility of the
resulting products was investigated. We have aready dem-
onstrated that these stannylcyclopropenes undergo stereo- and
regiosel ective iron-catalyzed carbometal ation—ring-opening
reactions to provide acyclic o.,f3,5'-trisubstituted akenyl-
stannanes.’® In addition, treatment of 2d with I, in Et,O
resulted in facile tin—iodine exchange to provide iodocy-
clopropene 3 in high yield (eq 3).%°

MeO,C_ CO,Me MeO,C_ ,CO,Me

/A (3)

Et,0, it 1”3 n-Bu
98%

I (1.2 equiv)
BusSn™ o4 "n-Bu

However, our principal goal in this study was to establish
the utility of these stannane building blocks in the synthesis
of other tetrasubstituted cyclopropenes through Stille cou-
pling reactions.*> The only prior examples of these types of
reactions are those reported by Untiedt and de Meijere using
alimited selection of coupling partners,®® and it was therefore
of interest to ascertain whether more highly functionalized
cyclopropenes could be prepared using stannylcyclopropenes
2 and a wider selection of electrophiles. Fortunately, using
a combination of Pdy(dba); and PhsAs'’ as the precatalyst
components, stannylcyclopropenes 2a, 2d, and 2h smoothly
underwent cross-coupling with a range of organic halides
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Table 2. Stille Coupling Reactions of Stannylcyclopropenes®

Rl COgR? PhsAs (10 mol %) R! CO,R?
/A Pdy(dba)s (2.5 mol %) 5
+ RY—X o
BusSn R (1.1 equiv) THF R R
2a, 2d or 2h 4a-4h
entry stannane R*-X temp product yie!db
(C) (%)
MeO,C_ CO,Me
! A
! 2a /©/ 40 Ph 91
OuN 4a
O,N
MeO,C, CO,Me
2 Meo,c” " 40 \ 87
MeO,C ab Ph
MeO,C_ COMe
3 2d Phi 55 A 72
PH 4c n-Bu
MeO,C_ ,COMe
' A
4 /©/ 55 n-Bu 56
MeO O 4d
MeO
Me0,C_ ,CO,Me
Ph._ _Ci
5 hig 40 Phﬁ%\ . 78
o] 4e n-Bu
o
O,N
! O CO,Me
6 2h 40 X 99
OaN n-Bu
O 4
O,N
OuN
, Ci
COM
7 = 60 M 61
\ S A
= n-Bu
\_s “9
Ph
8° 40

N\
o
o)
3
(e}
N\ 'z
5 D>
3
3§
[=)]
©

o}

2 Unless otherwise stated, reactions were conducted using 0.10 mmol
of stannylcyclopropene and 0.11 mmol of organic halide. ® Isolated yield.
¢ Reaction conducted using 1.5 equiv of cinnamoy! chloride.

(Table 2). Aromatic (entries 1, 3, 4, and 6) and heteroaro-
matic (entry 7) iodides were found to be effective electro-
philes, and as expected, the more reactive el ectron-deficient
iodoarenes resulted in higher yields (compare entries 1 and
6 with entries 3, 4, and 7).*® The use of an alkenyl iodide
provided diene 4b (entry 2) in 87% yield. Notably, acid
chlorides were also competent electrophiles, providing cy-
clopropenes 4e and 4h that would be difficult to prepare using

(18) For a useful alternative preparation of these types of compounds,
see: Chuprakov, S.; Rubin, M.; Gevorgyan, V. J. Am. Chem. Soc. 2005,
127, 3714-3715.
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existing methods (entries 5 and 8).* In certain cases, we have
found that stannylcyclopropenes 2 sometimes undergo pro-
todestannylation during long-term storage. In light of this
observation, a one-pot direct stannylation—Stille cross-
coupling reaction that obviates the requirement for isolation
of the intermediate stannylcyclopropene was developed
(Scheme 2). Upon completion of the stannylation of cyclo-

Scheme 2. One-Pot Direct Stannylation—Stille Coupling
Not isolated:

MeO,C_ ,CO,Me
KF (1 equiv)
T TEEEE—

1a + BU3SHCF20F3
(2 equiv)

DMF.40°C™ g, 50 e

PhsAs (10 mol %)
Pdy(dba); (2.5 mol %)
DMF, 40 °C

propene 2a as observed by TLC analysis, a solution of
1-iodo-4-nitrobenzene (1.1 equiv), Pdy(dba)s (2.5 mol %),
and PhzAs (10 mol %) in DMF was added, and heating was
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continued at 40 °C to eventually provide cyclopropene 4a
in 66% overal yield.

In summary, a mild method for the direct stannylation of
cyclopropenes that employs BuzSnCF,CF; and KF has been
developed. By use of the Stille cross-coupling reaction, the
resulting stannylcyclopropenes serve as useful precursorsto
avariety of highly functionalized tetrasubstituted cyclopro-
penes that might otherwise be difficult to prepare using
alternative methods. Utilization of cyclopropenes prepared
using these procedures in novel catalytic processes, along
with efforts to gain insight into the mechanism of the
stannylation reactions,™® will be the focus of future studies.
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