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Abstract: The use of carbonyl-stabilized ammonium- and
sulfonium ylides allows for the synthesis of highly-functional-
ized trifluoroacetyl-substituted cyclopropanes. It turned out
that the diastereoselectivities strongly depend on the nature of

Introduction

Fluorinated organic compounds are an important class of mol-
ecules, mainly because of their unique properties for a variety
of different applications (i.e. medicinal chemistry, material
chemistry, imaging technologies).[1] Accordingly, the develop-
ment of new synthesis strategies to access small (chiral) F-con-
taining molecules, that may serve as building blocks for further
manipulations, has become a heavily investigated task.[2]

Among the different small-ring organic skeletons, cycloprop-
anes play an important role due to their unique ring strain-
driven reactivity[3] and also because of their presence in biologi-
cally active molecules.[4] The (asymmetric) synthesis of cyclo-
propanes has thus been a longstanding important topic[5] and
fluorine-containing cyclopropanes have become increasingly
important over the last years.[6] An efficient strategy to access
(chiral) cyclopropanes is the addition of ammonium or
sulfonium ylides to Michael acceptors.[5a,7–9] More recently also
some reports towards the synthesis of F-containing cycloprop-
anes via onium ylides have been reported.[10] Our group has a
long-standing research focus on (asymmetric) ammonium ylide-
mediated cyclization reactions.[11,12] Given the interest in F-con-
taining cyclopropanes, we thus became interested in testing
the potential of ammonium and sulfonium ylides to access tri-
fluoroacetyl-containing cyclopropanes 1. These highly function-
alized cyclopropanes have so far only sparingly been investi-
gated,[13] and we therefore rationalized that an addition of carb-
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the chosen ylide and the employed base. The products could
be obtained in good yields under operationally simple condi-
tions.

onyl-stabilized ammonium or sulfonium ylides 2 and 3 to the
easily accessible Michael acceptors 4 would result in a powerful
method to access a variety of these highly functionalized target
molecules (Scheme 1).

Scheme 1. Targeted ylide-mediated synthesis of trifluoroacetyl-containing
cyclopropanes 1.

Results and Discussion

We started our investigations by using the achiral aceto-
phenone-based ammonium- and sulfonium salts 2 and 3 as
ylide-precursor for the cyclopropanation reaction with acceptor
4a. Table 1 gives an overview of the most significant results
obtained in a broad screening of different conditions. For the
ammonium salts 2, Me3N was chosen as the amine component
because of its proven superior leaving group ability compared
to other achiral tertiary amines.[11b,11d] An initial screening of
different solvents and temperatures revealed that the reactions
are best carried out in CH2Cl2 at room temperature for 20 h.
This was also carefully double-checked with the optimized con-
ditions and it turned out that longer reaction times and/or
higher temperatures lead to a pronounced decomposition of
the product 1a under the basic conditions. While the use of
sodium- and potassium carbonate did not result in any product
formation (entries 1 and 2), the use of an excess of K3PO4 lead
to the slow formation of a mixture of the three trans,trans,cis-
diastereomers (D1, D2, D3) of cyclopropane 1a (entry 3). Switch-
ing to solid Cs2CO3 next, the conversion could be increased
significantly (entries 4–8). It turned out that 2 equiv. of this base
leads to a reasonable combined 68 % isolated yield of the three
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diastereomers (entry 4), while a higher amount resulted in a
more pronounced by-product formation (entry 6). The three
diastereomers were obtained in slightly varying ratios depend-
ing on the amount of base and also depending on the stoichio-
metric ratio of ammonium salt 2 and acceptor 4a (entries 7 and
8). In most of these Cs2CO3 experiments D3 turned out to be
the slightly favored diastereomer and we were also able to ana-
lyze this isomer by single-crystal X-ray analysis, which revealed
the relative trans,trans,cis-configuration depicted in Figure 1a.

Table 1. Identification of the optimum reaction conditions for the cycloprop-
anation of compound 4a.[a]

Entry X Base Conversion dr (D1/D2/D3)[c] Yield
(equiv.) [%][b] [%][d]

1 NMe3 Na2CO3 (2 ×) no conv. n.d. n.d.
2 NMe3 K2CO3 (2 ×) no conv. n.d. n.d.
3 NMe3 K3PO4 (10 ×) 40 28:38:34 n.d.
4 NMe3 Cs2CO3 (2 ×) > 99 16:38:46 68
5 NMe3 Cs2CO3 (1 ×) 60 43:30:27 n.d.
6 NMe3 Cs2CO3 (10 ×) > 99 16:37:47 49
7[e] NMe3 Cs2CO3 (2 ×) > 99 10:38:52 70
8[f] NMe3 Cs2CO3 (2 ×) > 99 52:38:9 < 50
9 NMe3 NaOH (1 ×) > 99 32:34:34 86
10 NMe3 DBU (2 ×) > 99 12:53:35 86
11 NMe3 DBU (10 ×) > 99 13:78:9 77
12 SMe2

[g] DBU (10 ×) > 99 9:80:11 59
13 SMe2

[g] NaOH (1 ×) > 99 86:6:8 < 50
14 SMe2

[g] Cs2CO3 (2 ×) > 99 85:6:9 68

[a] All reactions were carried out with a 1:1 ratio of ylide precursors 2 or 3
and acceptor 4a (unless otherwise stated) on 0.1 mmol scale in CH2Cl2 at
room temp. for 20 h. [b] Determined by 1H NMR of the crude reaction prod-
uct. [c] Determined by 1H NMR; only the three trans,trans,cis-diastereomers
were detected, not the all-cis. [d] Combined isolated yield of all diastereo-
mers. [e] Using 2 equiv. of ylide precursor 2a. [f ] Using 2 equiv. of acceptor
4a. [g] 1.2 equiv. of sulfonium salt 3a.

Figure 1. Single crystal analysis of diastereomer D3 of cyclopropane 1a and
the hydrate stabilization observed for the acetophenon-trifluoroacetyl-cis-
configured diastereomers D1.[15]
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At this point it should be noted that in neither case (also with
the other derivatives shown in Scheme 2) the all-cis diastereo-
mer could be detected. Unfortunately, we have not been able
to crystallize the other two diastereomers of 1a. However, we
realized that D1 always contains noticeable amounts of its cor-
responding hydrate 5a (which is also visible by the upfield 19F-
shift of the CF3-NMR signal) and the same was also observed
for some of the other derivatives shown in Scheme 2. We ration-
alized that the presence of such a hydrate may be a conse-
quence of H-bonding stabilization because of a cis-oriented
carbonyl group, which would only be possible for one specific
trans,trans,cis-diastereomer as illustrated in Figure 1b. Luckily,
we have later been able to crystallize the hydrate (5b) of the
o-methoxy-containing cyclopropane 1b, which proved this cis-
configuration of the trifluoroacetyl group and the aceto-
phenone group (Figure 1c) and we therefore assigned the
relative configuration of other diastereomers D1 that are in
equilibrium with the hydrate in analogy.

Scheme 2. Application scope: Cond. A: 1:1 ratio of 2 and 4 (0.1 mmol scale)
and 2 equiv. Cs2CO3 in CH2Cl2 at room temp. for 20 h; Cond. B: 1:1 ratio of
2 and 4 (0.1 mmol scale) and 10 equiv. DBU in CH2Cl2 at room temp. for
20 h; Cond. C: 1.2:1 ratio of 3 and 4 (0.1 mmol scale) and 2 equiv. Cs2CO3 in
CH2Cl2 at room temp. for 20 h.
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When we used stronger inorganic bases like solid NaOH, 1a
could be obtained in high yield but with no pronounced selec-
tivity for any of the diastereomers (entry 9). Here an excess of
base or the use of an aqueous base lead to a significantly re-
duced yield. By changing for organic bases, it was only with
DBU that we observed a reasonable formation of the cyclo-
propane 1a (entries 10, 11). Very interestingly, while 2 equiv. of
DBU resulted in a slight preference of D2, an excess of DBU lead
to an increased selectivity towards this diastereomer (entry 11).
In a next attempt, we used the sulfonium salt 3a for this reac-
tion (entries 12–14). Noteworthy, a similar result as for the
ammonium salt 2a was observed under the DBU-conditions
(compare entries 11 and 12). However, when changing for
NaOH or Cs2CO3 as bases (entries 13 and 14), we observed a
strong preference for the D1 diastereomer in this sulfonium yl-
ide-mediated cyclopropanation. This complementary outcome
illustrates very nicely the well-documented different reactivity
trends of ammonium and sulfonium ylides, which are a conse-
quence of the different nucleophilicities and leaving group abil-
ities of these ylides.[14]

Summing this screening up, we have identified complemen-
tary conditions that give the diastereomers with different pref-
erences by using ammonium or sulfonium salts in the presence
of different bases. The most promising conditions (highlighted
in bold in Table 1) were then also used to elucidate the applica-
tion scope of this cyclopropanation reaction (Scheme 2).

Testing different acceptors 4 as well as differently substituted
acetophenone-based ammonium and sulfonium salts 2 and 3
first (giving cyclopropanes 1a–1j), it turned out that the (elec-
tronic) nature of the reagents can have a pronounced influence
on the observed diastereoselectivities under the three different
sets of conditions. The use of solid Cs2CO3 with the ammonium
ylides (Cond. A, compare with entry 4, Table 1) resulted in rather
mixed diastereomeric ratios for all targets and in no case apart
from 1g a higher preference for one of the three diastereomers
was observed. When using DBU (Cond. B, entry 11, Table 1), we
observed a rather high preference for D2 in most cases and
apart from the nitro-substituted cyclopropane 1j all target com-
pounds were obtained in reasonably high yields. Interesting re-
sults were obtained with the sulfonium salts 3 (Cond. C, entry
14, Table 1) which favoured D1 only for the parent target 1a
and the methoxy-compound 1b but then resulted in preferred
formation of D3 for the other substrates (D3 of 1j could be
crystallized and showed the same relative configuration as D3
of 1a and 1b!). We also tested the potential of ester- and amide-
stabilized ylides to access the cyclopropanes 1k and 1l. Unfor-
tunately, those ylides were found to be less suited for these
reactions. We have not been able to obtain the amide-based 1l
under any conditions and the ester-containing 1k could only
be accessed in low yields (but with a very high diastereomeric
purity) when using the corresponding ammonium salt in the
presence of Cs2CO3. We were however not able to increase the
yield by optimizing the reaction conditions.

Finally, we investigated the use of chiral amine-leaving
groups for the enantioselective synthesis of cyclopropane 1a
(Scheme 3). Cinchona alkaloids are usually the chiral amines of
choice for most asymmetric ammonium ylide-mediated cycliza-
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tions[7,12,16] and we thus tested a variety of different derivatives
A first. As illustrated for the two examples shown in Scheme 3,
the yields were not very high in these cases and no improve-
ment by prolonged reactions time or other changes were possi-
ble. The diastereomeric ratios were in the same ranges as for
the achiral approaches and the highest enantiomeric excess
that could be obtained was 70 % ee for the major diastereomer
when using A1. As we have recently shown that the proline-
based bicyclic chiral amines B are superior leaving groups for
ammonium ylide-mediated epoxidations,[12a] we also tested
these. Unfortunately, the outcome was not satisfying and we
thus carried out no further optimizations with these chiral auxil-
iaries. Thus, despite a first proof-of-concept for an asymmetric
version of this reaction was obtained, we were not able to reach
the high enantioselectivities that we observed for other
ammonium ylide-mediated cyclizations in the past.[12]

Scheme 3. Attempted enantioselective cyclopropanation.

Conclusions

We have shown that the use of differently substituted carbonyl-
stabilized ammonium- and sulfonium ylides allows for the syn-
thesis of highly-functionalized trifluoroacetyl-substituted cyclo-
propanes in high yields. It was found that the diastereoselectivi-
ties in these reactions strongly depend on the nature of the
chosen ylide and the employed base, thus leading to operation-
ally simple and complementary conditions. A first proof-of-
concept for an asymmetric protocol was obtained as well but
with yet relatively low yields and medium selectivities.

Experimental Section
Supporting Information (see footnote on the first page of this
article): General details as well as the analytical details and charac-
terization data of all the novel cyclopropanes can be found in the
online supporting information.

General Cyclopropanation Procedure: To a stirred suspension of
the base (2 equiv. Cs2CO3 or 10 equiv. DBU) in 3 mL of CH2Cl2, the
ammonium salt 2 (0.1 mmol) (or 0.12 mmol sulfonium salt 3) and
the acceptor 4 (0.1 mmol) were added. The reaction mixture was
stirred for 20 h at room temperature. Subsequently, the reaction
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was quenched by addition of 10 mL of H2Odeion and extracted three
times with 10 mL of EtOAc. The combined organic phases were
dried with Na2SO4 and the solvents evaporated to dryness. The
crude product was purified by column chromatography over silica
gel with gradients of heptane/EtOAc (100:0 – 20:1 – 10:1 – 5:1 –
2:1) to yield the cyclopropanes 1 in the reported yields.

Acknowledgments
This work was supported by the Austrian Science Funds (FWF):
Project No. P26387-N28. The used NMR spectrometers at JKU
Linz were acquired in collaboration with the University of South
Bohemia (CZ) with financial support from the European Union
through the EFRE INTERREG IV ETC-AT-CZ program (project
M00146, “RERI-uasb”).

Keywords: Cyclopropanation · Fluorine · Ylides ·
Diastereomers · Synthetic methods

[1] For selected reviews on organofluorine chemistry please see: a) V. A.
Soloshonok Fluorine-Containing Synthons, Oxford Press, 2005; b) K. Uney-
ama Organofluorine Chemistry, Blackwell, Oxford, 2006; c) D. O'Hagan,
Chem. Soc. Rev. 2008, 37, 308–319; d) K. Müller, C. Faeh, F. Diederich,
Science 2007, 317, 1881–1886; e) Y. Zhou, J. Wang, Z. Gu, S. Wang, W.
Zhu, J. L. Acena, V. A. Soloshonok, K. Izawa, H. Liu, Chem. Rev. 2016, 116,
422–518; f ) J. L. Aceña, S. Fustero, H. Liu, C. Del Pozo, M. Sánchez Roselló,
V. A. Soloshonok, A. E. Sorochinsky, J. Wang, Chem. Rev. 2014, 114, 2432–
2506; g) C. Isanbor, D. O'Hagan, J. Fluorine Chem. 2006, 127, 303–319; h)
L. E. Zimmer, R. Gilmour, Angew. Chem. Int. Ed. 2011, 50, 11860–11871;
Angew. Chem. 2011, 123, 12062.

[2] a) T. Liang, C. N. Neumann, T. Ritter, Angew. Chem. Int. Ed. 2013, 52,
8214–8264; Angew. Chem. 2013, 125, 8372; b) J. Charpentier, N. Früh, A.
Togni, Chem. Rev. 2015, 115, 650–682; c) X. Yang, T. Wu, R. J. Phipps, F. D.
Toste, Chem. Rev. 2015, 115, 826–870.

[3] a) L. K. Sydnes, Chem. Rev. 2003, 103, 1133–1150; b) H.-U. Reissig, R.
Zimmer, Chem. Rev. 2003, 103, 1151–1196; c) J. E. Baldwin, Chem. Rev.
2003, 103, 1197–1212; d) A. Brandi, S. Cicchi, F. M. Cordero, A. Goti,
Chem. Rev. 2003, 103, 1213–1270.

[4] a) J. Pietruszka, Chem. Rev. 2003, 103, 1051–1070; b) A. Reichelt, S. F.
Martin, Acc. Chem. Res. 2006, 39, 433–442; c) M. Tanasova, S. J. Sturla,
Chem. Rev. 2012, 112, 3578–3610.

[5] a) A.-H. Li, L.-X. Dai, V. K. Aggarwal, Chem. Rev. 1997, 97, 2341–2372; b)
H. Lebel, J.-F. Marcoux, C. Molinaro, A. B. Charette, Chem. Rev. 2003, 103,
977–1050; c) H. Pellissier, Tetrahedron 2008, 64, 7041–7095.

[6] a) W. R. Dolbier, M. A. Battiste, Chem. Rev. 2003, 103, 1071–1098; b) T.
Itoh, Optically active gem-difluorocyclopropanes: synthesis and application
for novel molecular materials, ACS Symposium Series 911, 2005, pp. 430–
439; c) O. O. Grygorenko, O. S. Artamonov, I. V. Komarov, P. K. Mykhailiuk,
Tetrahedron 2011, 67, 803–8023; d) E. David, G. Milanole, P. Ivashkin, S.

Eur. J. Org. Chem. 2018, 418–421 www.eurjoc.org © 2018 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim421

Couve-Bonnaire, P. Jubault, X. Pannecoucke, Chem. Eur. J. 2012, 18,
14904–14917; e) C. Navuluri, A. B. Charette, Org. Lett. 2015, 17, 4288–
4291.

[7] For seminal reports on ammonium ylide-mediated cyclopropanations: a)
C. C. C. Johansson, N. Bremeyer, S. V. Ley, D. R. Owen, S. C. Smith, M. J.
Gaunt, Angew. Chem. Int. Ed. 2006, 45, 6024–6028; Angew. Chem. 2006,
118, 6170; b) C. D. Papageorgiou, M. A. Cubillo de Dios, S. V. Ley, M. J.
Gaunt, Angew. Chem. Int. Ed. 2004, 43, 4641–4644; Angew. Chem. 2004,
116, 4741.

[8] K. Jiang, Y.-C. Chen, Tetrahedron Lett. 2014, 55, 2049–2055.
[9] For selected reviews and recent impressive examples of sulfonium ylide-

mediated cyclopropanations: a) E. M. McGarrigle, E. L. Myers, O. Illa, M. A.
Shaw, S. L. Riches, V. K. Aggarwal, Chem. Rev. 2007, 107, 5841–5883; b)
X.-L. Sun, Y. Tang, Acc. Chem. Res. 2008, 41, 937–948; c) Y. Cheng, J. An,
L.-Q. Lu, L. Luo, Z.-Y. Wang, J.-R. Chen, W.-J. Xiao, J. Org. Chem. 2011, 76,
281–284; d) J. Luo, B. Wu, M.-W. Chen, G.-F. Jiang, Y.-G. Zhou, Org. Lett.
2014, 16, 2578–2581; e) Z. Yuan, X. Fang, X. Li, J. Wu, H. Yao, A. Lin, J.
Org. Chem. 2015, 80, 11123–11130; f ) X.-Z. Zhang, J.-Y. Du, Y.-H. Deng,
W.-D. Chu, X. Yan, K.-Y. Yu, C.-A. Fan, J. Org. Chem. 2016, 81, 2598–2606.

[10] Onium ylide-mediated syntheses of F-containing cyclopropanes: a) K. J.
Hock, R. Hommelsheim, L. Mertens, J. Hunming, T. V. Nguyen, R. M.
Königs, J. Org. Chem. 2017, 82, 8220–8227; b) K. Wu, Y. Chen, X. Ma, W.
Cao, H. Zhang, J. Chen, Chin. J. Chem. 2011, 29, 2707–2712; c) I. S.
delVillar, A. Gradillas, G. Dominguez, J. Perez-Castells, Tetrahedron Lett.
2010, 51, 3095–3098; d) T. Ferrary, E. David, G. Milanole, T. Besset, P.
Jubault, X. Pannecoucke, Org. Lett. 2013, 15, 5598–5601; e) T. Ishikawa,
N. Kasai, Y. Yamada, T. Hanamoto, Tetrahedron 2015, 71, 1254–1260.

[11] Diastereoselective approaches: a) M. Waser, R. Herchl, N. Müller, Chem.
Commun. 2011, 47, 2170–2172; b) R. Herchl, M. Stiftinger, M. Waser, Org.
Biomol. Chem. 2011, 9, 7023–7027; c) M. Pichler, J. Novacek, R. Robiette,
V. Poscher, M. Himmelsbach, U. Monkowius, N. Müller, M. Waser, Org.
Biomol. Chem. 2015, 13, 2092–2099; d) L. Roiser, R. Robiette, M. Waser,
Synlett 2016, 27, 1963–1968; e) J. Novacek, R. Robiette, N. Waser, Mon-
atsh. Chem. 2017, 148, 77–81.

[12] Enantioselective approaches: a) J. Novacek, L. Roiser, K. Zielke, R. Rob-
iette, M. Waser, Chem. Eur. J. 2016, 22, 11422–11428; b) N. Meisinger, L.
Roiser, U. Monkowius, M. Himmelsbach, R. Robiette, M. Waser, Chem. Eur.
J. 2017, 23, 5137–5142; c) L. Roiser, M. Waser, Org. Lett. 2017, 19, 2338–
2341.

[13] For an early approach to access trifluoroacetyl-cyclopropanes: T. Yama-
zaki, J. T. Lin, M. Takeda, T. Kitazume, Tetrahedron: Asymmetry 1990, 1,
351–354.

[14] V. K. Aggarwal, J. N. Harvey, R. Robiette, Angew. Chem. Int. Ed. 2005, 44,
5468–5471; Angew. Chem. 2005, 117, 5604.

[15] CCDC 1588560 (for 1a-D3), and 1588563 (for 5b) contain the supple-
mentary crystallographic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic Data Centre.

[16] a) D. Worgull, L. Öhler, J. P. Strache, T. Friedrichs, P. Ullrich, Eur. J. Org.
Chem. 2017, 2017, 6077–6080; b) L. Liu, Y. Yuan, R. Pan, Y. Zeng, A. Lin,
H. Yao, Y. Huang, Org. Chem. Front. 2018, https://doi.org/10.1039/
C7QO00846E.

Received: December 7, 2017

https://www.ccdc.cam.ac.uk/services/structures?id=doi:10.1002/ejoc.201701699
http://www.ccdc.cam.ac.uk/
https://doi.org/10.1039/C7QO00846E

