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Ring-Opening 1,3-Aminochalcogenation of Donor-Acceptor
Cyclopropanes: A Three-Component Approach

André U. Augustin,® Peter G. Jones,”™ and Daniel B. Werz*?

Abstract: A 1,3-aminothiolation was realized by reacting
2-substituted cyclopropane 1,1-dicarboxylates with sulfon-
amides and N-(arylthio)succinimides. Under Sn(OTf), catal-
ysis the transformation proceeded smoothly to the corre-
sponding ring-opened products bearing the sulfonamide
in the 1-position next to the donor and the arylthio resi-
due in the 3-position next to the acceptor. The procedure
was extended to the corresponding selenium analogues
by employing N-(phenylseleno)succinimides as an electro-

philic selenium source. D

The cyclopropane molecule is the smallest and most strained
carbocyclic ring system; astonishingly, it is kinetically relatively
stable. However, its reactivity is dramatically increased when
the cyclic structure is decorated with donor and acceptor sub-
stitutents in vicinal positions. These molecular entities, so-
called donor-acceptor (D-A) cyclopropanes, were introduced
by Wenkert and Reissig in the late 1970s and 1980s."" After a
quiet time at the end of the 20th century, D-A cyclopropanes
have enjoyed a renaissance during the last two decades in syn-
thetic organic chemistry and have been widely exploited in
methodology, and also in natural product synthesis. These
“spring-loaded” systems benefit from a highly polarized bond,
caused by a vicinial arrangement of electron-donating and
-withdrawing substitutents, and further assisted by the high
ring strain of about 115 kJmol " The resulting special reactiv-
ity paves the way for a plethora of unusual transformations.®

Along these lines, rearrangement reactions, which are atom-
economic transformations, have been developed with D-A cy-

[a] A. U. Augustin, Prof. Dr. D. B. Werz

Institute of Organic Chemistry, Technische Universitdt Braunschweig
Hagenring 30, 38106 Braunschweig (Germany)

E-mail: d.werz@tu-braunschweig.de

Homepage: http://www.werzlab.de

Prof. Dr. P. G. Jones

Institute of Inorganic and Analytical Chemistry

Technische Universitdt Braunschweig

Hagenring 30, 38106 Braunschweig (Germany)

=

& Supporting information and the ORCID identification number(s) for the au-
@ thor(s) of this article can be found under:
https://doi.org/10.1002/chem.201902160.

Ef © 2019 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA.
This is an open access article under the terms of the Creative Commons At-
tribution Non-Commercial NoDerivs License, which permits use and distri-
bution in any medium, provided the original work is properly cited, the use
is non-commercial and no modifications or adaptations are made.

Chem. Eur. J. 2019, 25, 11620 - 11624 Wiley Online Library

clopropanes, leading to ring-enlarged hetero- and carbocyclic
structures by embedding the acceptor moiety into the ring
system.” While rearrangement reactions are intramolecular
transformations, that is, only one component is required, cyclo-
additions as intermolecular reactions need a second compo-
nent. Depending on the number of atoms to be incorporated
in the emerging cyclic structure, such (3+ n)-cycloadditions
lead to five-”' six-® or seven-membered” ring systems. Even
complex bicyclic structures, which are prominent structural
motifs in natural product chemistry, are easily obtained by
these cycloadditions when the two reactive moieties are teth-
ered to each other. While formal cycloaddition reactions are
well established in D-A cyclopropane chemistry, ring-opening
reactions, especially 1,3-bisfunctionalizations, seem to be un-
derexplored. Whereas in previous years the focus was on
monofunctionalization with heteroatom nucleophiles (e.g. phe-
nols,”” naphthols,"® amines,"" azides,"? or thiols)""* or carbon
nucleophiles™ (Scheme 1a), nowadays more challenging 1,3-
bisfunctionalizations are under investigation by several
groups." Seminal work in this field was performed by Sparr
and Gilmour with an enantioselective 1,3-dichlorination proto-
col of meso-cyclopropyl carbaldehydes under organocatalytic
conditions, as depicted in Scheme 1b.'?

Recently, we investigated a ring-opening reaction of cyclo-
propane dicarboxylates with chalcogenyl chlorides and
bromides to afford 1,3-halochalcogenated  products
(Scheme 1¢)," whereas Studer and co-workers presented an
elegant 1,3-aminobromination of D-A cyclopropanes by using
N-bromosuccinimide and electron-deficient anilines or sulfon-
amides (Scheme 1d)."® Based on these results, we envisioned
that N-(arylthio)succinimides might be captured by the inter-
mediate carbanion emerging in the reaction of cyclopropane
dicarboxylates and sulfonamides (Scheme 1e€). Herein, we
report the first 1,3-aminochalcogenation of D-A cyclopropanes
by such a three-component approach using Lewis acid cataly-
sis.

To test our notion, we first investigated a variety of reaction
conditions along with various Lewis acids commonly used for
the activation of D-A cyclopropanes (Table 1). Tosylamide 1, cy-
clopropane 2a and succinimide derivative 3a were chosen as
model substrates. In 1,2-dichloroethane at room temperature,
Sn(OTf), proved to be the most suitable Lewis acid for our an-
ticipated transformation and delivered our desired product 4a
in 69% yield. Interestingly, Lewis acids such as AICl;, Mgl, or
Sc(OTf);, which had shown excellent results for many other re-
actions in the field of D-A cyclopropane chemistry, afforded
not even a trace of the product (Table 1, entries 1-3). During
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a) Monofunctionalization of D-A cyclopropanes

R2
LA R!
1/AvR2 + NuH YR
R R3 Nu H

(Nu = phenols, amines, azides, thiols etc.)

b) 1,3-Dichlorination of D-A cyclopropanes

HNR ® c®c® R~
/%o LA 1/A\7NR2—> mo

;
R R cl Cl

c) 1,3-Halochalcogenation of D-A cyclopropanes

ik R CO,R?2
Avco R? 3 CO,R?
B kor ¢ 2 MR
2 Y ‘R3
(X=S,Se;Y=Cl,Br)
d) 1,3-Aminobromination of D-A cyclopropanes
3 R*
LA R
RIRZNH  + R3/AV§“ + NBS TR
R R'R2N  Br

e) 1,3-Aminochalcogenation of D-A cyclopropanes

0] X R2
A TR . R! .
TsNH,  + o RzRZ + @L Y\}*R

NH X.
o Ts” R3
(X =S, Se)

Scheme 1. Ring-opening reactions of D-A cyclopropanes.

Table 1. Optimization of the reaction conditions.”

(0] SPh Lewis Ph CO,Me

TsNH, + ACOZMe + & __acid Y\FCOZMe
Ph CO,Me solvent _NH SPh
O 25°C,10h Ts
1 2a 3a 4a

Entry Lewis acid [mol %] 3a [equiv] Solvent Yield [%]
1 AICl, 20 13 DCE 0
2 Mgl, 20 13 DCE 0
3 Sc(OTf); 20 13 DCE 0
4 Sn(OTf), 20 13 DCE 69
5 Y(OTf), 20 13 DCE 0
6 Sn(OTf), 5 13 DCE 0
7 Sn(OTf), 10 13 DCE 86
8 Sn(OTf), 10 13 CH,Cl, 29
9 Sn(OTf), 10 1.3 dioxane 0
10 Sn(OTf), 10 1.7 DCE 93
n Sn(OTf), 10 23 DCE 72
12! Sn(OT¥), 10 13 DCE 35

[a] Reaction conditions: 1 (165 umol), Lewis acid, solvent (1.5mL), 2a
(150 umol), 3a, 25°C, 10 h, Ar atmosphere; yields represent isolated and pu-
rified products; [b] The corresponding phthalimide derivative was used in-
stead of 3a.

our thorough screening and the subsequent optimization stud-
ies, we realized that the transformation is very sensitive to
moisture; therefore, the reactions were set up and conducted
in a glovebox. As major side product the monofunctionalized
product 8 was isolated (see the Supporting Information). De-
creasing the amount of the Lewis acid to 10 mol% was invalu-
able and resulted in an increased yield of 86% (entry 7). The
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choice of the solvent proved to be crucial for a suc-
cessful outcome; changing the solvent to dioxane or
dichloromethane shut down the reaction completely
or afforded a greatly decreased yield of only 29%,
respectively (entries 8-9). In contrast, increasing the
amount of succinimide 3a resulted in an improved
yield of 93% (entry 10), whereas using the phthali-

Gilmour,
Sparr mide analogue strongly impaired the outcome of
(2011) .
the reaction (entry 12).
With optimized conditions in hand, we examined
W the scope of the 1,3-aminochalcogenation. Thus, a
rz
(2:17) broad variety of D-A cyclopropanes were tested. We
started our exploration by using the diethyl ester to
trigger the ring-opening process and obtained com-
pound 4b in 77% yield. Next, we probed the varia-
tion of the aryl unit of model substrate 2a. Halogens
Studer . L . .
(2017) in para-position delivered the products 4c-e in ex-
......... cellent yields (91-94%); the same holds true for an
acetoxy (4 f, 88%) and a trifluoromethyl substitution
(49, 86%). Methyl-substitution in the ortho-, meta-
and para-position delivered the desired products in
This Work good yields (66-89%). Whereas nitro groups in

meta- and para-position (4k and 41) proved to be

uncritical (82-84%), the highly electron-withdrawing

pentafluorophenyl residue (4 m) showed a significant

drop in yield to 54%. The naphthyl residue (4n), an

extended m-system, allowed the transformation
again in good yield. Finally, upscaling the reaction to the
1.5 mmol scale with respect to D-A cyclopropane 2a deliv-
ered compound 4a in 69% yield. In conclusion, a high func-
tional-group tolerance with respect to the employed 14 D-A
cyclopropanes was observed. To unequivocally prove our an-
ticipated 1,3-aminothiolation, we were able to grow single
crystals of 4a suitable for X-ray crystallographic analysis. The
structure shows the sulfonamide in the 1-position next to
the donor and the thiophenyl residue in the 3-position adja-
cent to the two carboxylates (Scheme 2).'”

To test the generality of our protocol, we next subjected
various N-(arylthio)succinimide derivatives 3 to our reaction
system (Scheme 3). In the first instance, we tested different
substitution patterns of the transferred thiophenyl moiety.
Thus, methyl groups in the ortho-, meta- and para-position of
the phenyl residue were installed and the respective deriva-
tives 3 employed in the reaction. The formation proceeded
smoothly for all three variants (5a-c) in moderate to good
yields. Transfer of the p-methoxyphenylthio residue (5d) pro-
ceeded astonishingly well in 95% yield, whereas N-(naph-
thylthio)succinimde delivered compound 5e in good yield.

Inspired by these results, we were keen to test whether a
1,3-aminoselenation is able to deliver similar selenium ana-

logues. Therefore, N-(phenylseleno)succinimide 6 was prepared
and subjected to our standard reaction conditions. The trans-
formation proceeded smoothly and delivered compound 7a in
88% yield (Scheme 4), whereas the respective ethyl diester
gave 77 % yield (7 b). The extension of the m-system to a naph-
thyl donor provided the respective product in a yield of only
39% (7 ). Substitution of the phenyl ring in para-position with

© 2019 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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CO,Me i CO,Et
Ph
i CO,Me Y F-cosEt
_NH SPh “"‘Q _NH SPh
Ts )/‘7/\ Ts
4a (93%) \_/
4a (69%; 1.5 mmol scale) X-ray of4a ¢ % 4b (77%)
z
Me— | CO,Me
R NS
4c (94%; R = F) CO,Me
CO,Me 4d (94%; R = CI) _NH SPh
CO,Me  4e(91%: R=Bn Ts
_NH SPh 4f (88%); R = OAC) 4h (89%; R = 0-Me)
Ts 4g (86%; R = CF3) 4i (80%; R = m-Me)
4c-4g 4j (66%; R = p-Me)
=z
o CO,Me F
o CO,Me CO,Me OO CO,Me
_NH SPh F CO,Me COMe
Ts NH SPh NH SPh
4k (82%; R = m-NO,) Ts”
4l (84%; R = p-NO,) 4m (54%) 4n (86%)

Scheme 2. Scope of the 1,3-aminothiolation with respect to various D-A cyclopropanes
2. Reaction conditions: 1 (220 pumol), 2 (200 umol), 3a (340 umol), Sn(OTf), (10 mol %),
DCE (1.5 mL), 25°C, 12 h. Yields represent isolated and purified products.

DCE = 1,2-dichloroethane.
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on these observations and literature evidance,”® we

propose the following reaction mechanism as de-
picted in Scheme 5. Initially, cyclopropane dicarboxy-
late (S)-2a’ is activated by Sn(OTf),, chelating the
geminal diesters, whereby fast racemization occurs.
One might speculate that the redox ability of Sn" is
the reason for this unexpected behavior, which is
not often observed with non-redox-active Lewis
acids. The activated three-membered ring allows a
nucleophilic attack of tosyl amide 1. Under the
given conditions the formation of side product 8 is
diminished. The emerging carbanion is trapped by
succinimide derivative 3a; succinimide is released
and the desired product 4a is formed. It seems that
proton transfer from NH, of the sulfonamide to the
anionic malonate is relatively slow in DCE. This is the
prerequisite so that the third component, the thio-
succinimide, is able to come into play and the deci-
sive nucleophilic substitution at the chalcogen
occurs. Traces of water are detrimental because
water immediately leads to a proton transfer and
thus to the monofunctionalized product.

_SePh — R CO,R?
TsNH, + /AvCOZR2 + t‘L LG 3 j/\|—COzR2
2 DCE
SR spoty,  Ph~JOM - O  25°C 12h Te-NH SePh
TeNH, + Acone " & SO0z, PIN-co,me 1 2 6 7
CO,Me 5 DCE NH S.
25°C,12h Ts~ R CO,Me CO,Et
1 2a 3 5 Ph GO Ph €0,Me
,Me CO,Et CO,Me
oh CO,Me - CO,Me - CO,Me 1-NH  SePh 1-NH SePh NH SePh
CO,Me CO,Me Y Fcome s
NH S NH s NH s 7a (88%) 7c (39%)
Ts™ D Ts” Ts” \©\ R
Me Me g " COM
Me CO,Me 2\e
5a (65% 5b (69% 5c (86% 2
(65%) (69%) (86%) S’NH SePh CO,Me
CO,Me CO,Me _NH SePh
Ph . Ph COMe 7d (58%; R = C)) . Te
2 7e (61%; R =Br) X-ray of 7d 7f (61%)
NH S _NH S
Ts” Ts
\©\OM6 Scheme 4. Scope of the 1,3-aminoselenation with respect to various D-A cy-
5d (95%) 5e (74%) clopropanes 2. Reaction conditions: 1 (220 umol), 2 (200 pmol), 6

(340 umol), Sn(OTf), (10 mol %), DCE (1.5 mL), 25°C, 12 h. Yields represent

Scheme 3. Scope of the 1,3-aminothiolation with respect to various N-(ar-
ylthio)succinimide derivatives 3. Reaction conditions: 1 (220 umol), 2a

isolated and purified products.

(200 pmol), 3 (340 umol), Sn(OTf), (10 mol %), DCE (1.5 mL), 25°C, 12 h.
Yields represent isolated and purified products. OMe
Q Sn(OTf), s
COzMe racemization Ph ?
Coa -Sn(0T),
. . . Me0” S0~ Sn(
halogen atoms furnished 7d and 7e in moderate yields; the (S)‘za
same applied for the decoration in ortho-position with a Q. _sPh ‘TsNHZ 0
methyl group leading to 7f. X-ray structural elucidation of t‘L
. . -~ R CO,Me o] M
compound 7d'un?1r91]1b|guously confirmed the anticipated 1,3 Ph (ZZOZMe ) s \(\l/éoiMe
aminoselenolation. NH S NH
Ts” “Ph o] Z‘Ja

To shed light onto the reaction mechanism, we subjected
enantioenriched D-A cyclopropane (S)-2a" (>99% ee) to our
standard conditions in order to test the stereospecificity of our
transformation. To our surprise, the reaction proceeded with a
significant loss of stereoinformation (4a, 10% ee). Further in-
vestigations clearly revealed that D-A cyclopropane (5)-2a" un-
dergoes racemization when treated with Sn(OTf), only. Based
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Scheme 5. Proposed reaction mechanism.
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In conclusion, we have developed a novel 1,3-amino-
thiolation and 1,3-aminoselenation protocol by ring-opening
of D-A cyclopropanes. Sn(OTf), proved to be the Lewis acid of
choice for this three-component approach using tosyl amides
as nucleophiles, the cyclopropane as a masked zwitterion and
chalcogenosuccinimides as electrophilic components. The cata-
lytic 1,3-bisfunctionalization proceeded smoothly in yields up
to 95%, whereby the transformation tolerates various donors
including electron-rich and -deficient aryl residues. This ap-
proach nicely complements previously developed methods to
exploit cyclopropanes as a formally zwitterionic synthon for
open-chain 1,3-bisfunctionalized compounds.
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