M) Checs tor updates View Article Online

View Journal
This is an Accepted Manuscript, which has been through the

Royal Society of Chemistry peer review process and has been
accepted for publication.

ChemComm

Accepted Manuscript

This article can be cited before page numbers have been issued, to do this please use: Y. Tao and S. R.
Gilbertson, Chem. Commun., 2018, DOI: 10.1039/C8CC04946C.

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
author guidelines.

Please note that technical editing may introduce minor changes
to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the ethical guidelines, outlined
in our author and reviewer resource centre, still apply. In no
event shall the Royal Society of Chemistry be held responsible

for any errors or omissions in this Accepted Manuscript or any
consequences arising from the use of any information it contains.

ROYAL SOCIETY
&cnmlsﬂw

ROYAL SOCIETY .
OF CHEMISTRY rsc.li/chemcomm


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
http://dx.doi.org/10.1039/c8cc04946g
https://pubs.rsc.org/en/journals/journal/CC
http://crossmark.crossref.org/dialog/?doi=10.1039/C8CC04946G&domain=pdf&date_stamp=2018-09-11

Published on 11 September 2018. Downloaded on 9/12/2018 3:12:21 AM.

Pleased@ 1-:(@

ChemComm

COMMUNICATION

Ol arsings

ROYAL SOCEETY
£ CHENIBTRY

CC04946G

DOI: 10:

Diastereoselective Synthesis of 1,3-disubstituted
Isoindolines and Sultams via Bronsted Acid Catalysis

Received 00th January 20xx,
Accepted 00th January 20xx

DOI: 10.1039/x0xx00000x

www.rsc.org/

The Bis(trifluoromethane)sulfonimide (Tf.NH) catalyzed
intramolecular hydroamidation of terminal alkynes is
reported. The combination of EtsSiH and Tf.NH provide cis-
1,3-disubstituted isoindolines and sultams in high yield (up
to 98%) and high diastereoselectivity (up to 99:1 dr).

Isoindolines and sultams are important building blocks that
are found in a number of biologically active molecules. 22 They
have been synthesized by a variety of different bond
connections, including carbon-carbon bond and nitrogen-sulfur
bond formation. One other approach that has been utilized is
via transition metal catalyzed intramolecular hydroamination of
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Scheme 1, General hydroamination of alkynes
alkynes. (Scheme 1). Various metals, including rhodium,3
iridium,*®, copper,” 8 silver,® gold,1%12 palladium,3 14 and
ruthenium?> 16 complexes, have been used to promote such
reactions.17-1? |In addition to the metal catalyzed approaches,
Shibuya has illustrated that Bronsted acids can effectively
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catalyze hydroamination.2026 Using related conditions we
report the formation of both isoindolines and sulfams by
Bronstead acid catalyzed intramolecular hydroamidation.
Isoindolines are a common structural motif in a variety of
pharmaceuticals and bio-active compounds such as mariline A,
petalachloride A, pagoclone and isoindoline dicarboxylic acid
(Figure 1).27-31 Although, there are reported methods to
synthesize  chiral 1,3-disubstituted isoindolines from
hydroamidation of active alkenes (Scheme 2), the asymmetric
synthesis of chiral 1,3-disubstituted isoidolines from
unactivated unsaturated groups remains underdeveloped.32-35
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The first example of diastereoselective hydroamidation we
report is of terminal alkynes to construct chiral 1,3-
disubstituted isoindoline. Initially, copper catalysis with a
hydride source, Et3SiH, at room temperature was examined
(Table 1). However, the reaction with terminal alkynes did not
proceed (entry 1-2). Increasing the temperature and changing
ligands provided exocyclic alkenes (14) instead of reduced
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Scheme 2 Cyclication on activated alkenes

products (13) (entry 3-4). Attempting acid catalysis with
trifluoromethanesulfonic acid (TfOH) resulted in only recovered
starting material (entry 5). Using the stronger acid,
trifluoromethanesulfonimide (Tf,NH) resulted in the isolation of
chiral cis-1,3-disubstituted pyrrolidine (entry 6). Reaction with
20% Tf,NH and 2 equivalent Et3SiH at room temperature gave
the 1,3-disubstituted isoindoline in 95% yield and >99:1
diastereoselectivity (entry 7).

Table 1. Reaction Conditions for Cyclization

S8 _CAESH —  Ph Ph_1®
Ph T DCE, temp D—CHs \I/\):CHZ
12 13 »
Entr cat ligand T % Yield
y °C 13 14
1 Cu(OTf).  PPhs ot .
2 Cu(OTf)»  PPh; - =
CsHe
3 CuSO4 1,10- 80 - 60
5H.O phenanthrolin
e
4 CuBr 1,10- 80 _ 73b
phenanthrolin
e
5 TfOH - 50 .
6 TELNH - 50 e
7 TENH - o oo5!

aReaction conditions: 0.1 M solution of alkyne (0.15
mmol) in DCE, with 15 mol% metal catalyst or 20 mol%
organocatalyst, 2 equiv Et;SiH, overnight. Pisolated yield
with no reduced product formed. Cisolated yield of
desired product, 1 hour reaction time. disolated yield of
desired cis-1,3-disubstituted isoindoline.

When this chemistry is combined with the use of Ellman’s
tert-butanesulfinamide, a chiral immine is obtained (18).
Addition of Grignard reagent proceeds in  high
diastereoselectivity (19).36 Attempted cyclization with the the
tert-butanesulfinamide failed so that group was exchanged for
p-toluenesulfonamide which upon cyclization provided chiral
22a. The chiral center set by addition to Ellman’s chiral auxillary
results in cyclization giving chiral products in high selectivity.

With these optimized conditions the substrate scope was
investigated. Aromatic, saturated and unsaturated alkyl groups
on R3-position displayed good to excellent reactivity and
excellent diastereoselectivity. Functionality on aromatic ring,
electron donating groups (OMe 22g and 22h) and electron

2| J. Name., 2012, 00, 1-3
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Scheme 3 Synthesis of chiral starting material
selectivities (Scheme 4).

Attempts for use other groups on the nitrogen such as
carbamates (Boc or Cbz) as well as simple amides did not
provide the desired product. The reaction with internal
alkynes provided only unreacted starting material.

Positioning the sulfone group at an internal position next
the aromatic ring provides sultam products upon cyclization.
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Scheme 4. Pyrrolidine Formation
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Sultams have been valuable structures in antiviral, anticancer,

antimicrobial , antimalarial

agents.

Using the reaction

conditions developed for the synthesis of isoindolines, sultam

products were obtained in high vyield.

Interestingly, this

transformation only requires a reaction time of 10 minutes at
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Scheme 5 Synthesis of Sultams
room temperature. Using these conditions, the substrate scope
was investigated. Substrates with benzyl groups and alkyl
groups in the R-position, as well as functionality on aromatic
ring proceeded in good vyield (Scheme 5). All attempts to
perform this reaction with simple internal alkynes failed to
provide significant product.

When the reaction was run at 50 °C with substrates that have
a electron rich benzyl and furan protected amine, or a group of
similar functionality, on the nitrogen the product where that
group has been removed, resulting in free sulfonamides, is
obtained (Table 2). Presumably this is due to the reactivity of
the CH; group next to the aromatic ring. To determine how this
type of product formed 24f was heated to 50 °C in
dichloroethane (Scheme 6). These conditions did not produce
the free sulfonamide 30. However when isolated 24f was
subjected to the reaction conditions, 20 mol% Tf,NH and two
equivalent Et3SiH (same conditions as Table 2), free sulfonamide
product 30 was obtained. This is consistent with the benzyl

This journal is © The Royal Society of Chemistry 20xx

group being removed under the reaction conditigns aftetthe
initial sultam has formed. So by runnin@®hé *Ea&iet a0+t
temperature the product with a protected nitrogen is obtained
while running the reaction at 50 °C provides the product with a
free amine NH. This compliments the observation that the
reaction fails with primary sulfonamides.

Table 2. Cyclization with loss of nitrogen group

o]
40 20 mol%h Tf,NH
1 = 2 1
RQ/\S\H’R L ©1<
) 'DCE, 50 °C, 10min 0
R BN R
Entr SM product yield
Y
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R 25 0" 30
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Scheme 6 Examination of loss of nitrogen protecting group

In summary, we have achieved the catalytic synthesis of chiral
cis-1,3-disubstituted isoindolines and sultams through Tf,NH,
EtsSiH combination approach, by utilizing terminal alkynes as
starting materials. This chemistry is currently being developed
for the synthesis of biologically active molecules with a SO;N
group representing an amide pharmacophore.

Conflicts of interest

J. Name., 2013, 00, 1-3 | 3


http://dx.doi.org/10.1039/c8cc04946g

Published on 11 September 2018. Downloaded on 9/12/2018 3:12:21 AM.

ChemEomm

“There are no conflicts to declare”.

Acknowledgements

This work was supported in part by NSF CHE-0953083 and the
University of Houston

Notes and references

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24,
25.

C. Zhang, C. K. De, R. Mal and D. Seidel, J. Am . Chem. Soc.,
2008, 130, 416-417.

B. M. Trost, N. Maulide and R. C. Livingston, J. Am . Chem.
Soc., 2008, 130, 16502-16503.

S.R. Beeren, S. L. Dabb, G. Edwards, M. K. Smith, A. C. Willis
and B. A. Messerle, New Journal of Chemistry, 2010, 34,
1200-1208.

S. Burling, L. D. Field, B. A. Messerle and S. L. Rumble,
Organometallics, 2007, 26, 4335-4343.

L. D. Field, B. A. Messerle, K. Q. Vuong and P. Turner, Dalton
Transactions, 2009, DOI: 10.1039/B821188D, 3599-3614.
K. Gray, M. J. Page, J. Wagler and B. A. Messerle,
Organometallics, 2012, 31, 6270-6277.

D. K. Barange, T. C. Nishad, N. K. Swamy, V. Bandameedi,
D. Kumar, B. R. Sreekanth, K. Vyas and M. Pal, J. Org. Chem.,
2007, 72, 8547-8550.

V. V. Vijaya Bhaskara Reddy Iska, Olaf Wiest, and Paul
Helquist, J. Org. Chem., 2010, 75, 1325-1328.

V. B. Reddy Iska, V. Verdolino, O. Wiest and P. Helquist, J.
Org. Chem., 2010, 75, 1325-1328.

D. Ye, J. Wang, X. Zhang, Y. Zhou, X. Ding, E. Feng, H. Sun,
G. Liu, H. Jiang and H. Liu, Green Chemistry, 2009, 11, 1201-
1208.

Y.-F. Yu, C. Shu, B. Zhou, J.-Q. Li, J.-M. Zhou and L.-W. Ye,
Chem. Comm., 2015, 51, 2126-2129.

Y.-F.Yu, C. Shu, T.-D. Tan, L. Li, S. Rafique and L.-W. Ye, Org.
Lett., 2016, 18, 5178-5181.

L. B. Wolf, K. C. M. F. Tjen, F. P. T. Rutjes, H. Hiemstra and
H. E. Schoemaker, Tetrahedron Lett., 1998, 39, 5081-5084.
L. Chen and M. H. Xu, Adv. Synth. Catal., 2009, 351, 2005-
2012.

A. Varela-Fernandez, A. Varela Jesus and C. Saa, Adv. Synth.
Catal., 2011, 353, 1933-1937.

N. Nair Reji, J. Lee Paul, L. Rheingold Arnold and B.
Grotjahn Douglas Chem.— A European Journal, 2010, 16,
7992-7995.

R. Severin and S. Doye, Chem. Soc. Review, 2007, 36, 1407-
1420.

L. Huang, M. Arndt, K. GoolRRen, H. Heydt and L. J. GooRen,
Chem. Rev., 2015, 115, 2596-2697.

M. Patel, R. K. Saunthwal and A. K. Verma, Acc. Chem. Res.,
2017, 50, 240-254.

M. Shibuya, S. Fujita, M. Abe and Y. Yamamoto, ACS
Catalysis, 2017, 7, 2848-2852.

H. Wu, H.-P. He and F. Shi, Synthesis, 2015, 47, 1990-2016.
D. Parmar, E. Sugiono, S. Raja and M. Rueping, Chem. Rev.,
2014, 114, 9047-9153.

J. Yu, F. Shiand L.-Z. Gong, Acc. Chem. Res., 2011, 44, 1156-
1171.

M. Terada, Synthesis, 2010, 1929-1982.

M. Terada, Chem. Commun. (Cambridge, U. K.), 2008, DOI:
10.1039/B807577H, 4097-4112.

4| J. Name., 2012, 00, 1-3

26.
27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

Page 4 of 5

T. Akiyama, Chem. Rev., 2007, 107, 5744-575§W Article Online
C. Almeida, Y. Hemberger, M. Schmmitt Sven3 S BouhiredsL
Natesan, S. Kehraus, K. Dimas, M. Gltschow, G. Bringmann
and M. Konig Gabriele, Chem. — A European Journal, 2012,
18, 8827-8834.

C. Min, Y. Lin and D. Seidel, Angew. Chem. Int. Ed. Engl.,
2017, 56, 15353-15357.

P. J. Kukkola, N. A. Bilci, T. Ikler, P. Savage, S. S. Shetty, D.
DelGrande and A. Y. Jeng, Bioorg. & Med. Chem. Lett.,
2001, 11, 1737-1740.

S. Castellano, H. D. G. Fiji, S. S. Kinderman, M. Watanabe,
P. de Leon, F. Tamanoi and O. Kwon, J Am Chem Soc, 2007,
129, 5843-5845.

E. Li, L. Jiang, L. Guo, H. Zhang and Y. Che, Bioorg. & Med.
Chem., 2008, 16, 7894-7899.

D. Enders, A. Narine Arun, F. Toulgoat and T. Bisschops,
Angew. Chem. Int. Ed. Engl., 2008, 47, 5661-5665.

S. Takizawa, N. Inoue, S. Hirata and H. Sasai, Angew. Chem.
Int. Ed. Engl., 2010, 49, 9725-9729.

S.-M. Son, Y. J. Seo and H.-K. Lee, Chem. Comm., 2016, 52,
4286-4289.

S. Takizawa, M. Sako, M. A. Abozeid, K. Kishi, H. D. P.
Wathsala, S. Hirata, K. Murai, H. Fujioka and H. Sasai, Org.
Lett., 2017, 19, 5426-5429.

Stereochemistry of the products was assigned by
correlation to previous examples by Ellman.

This journal is © The Royal Society of Chemistry 20xx


http://dx.doi.org/10.1039/c8cc04946g

Page 5 of 5

Published on 11 September 2018. Downloaded on 9/12/2018 3:12:21 AM.

ChemComm
3
R? 20 mol% Tf,NH - R
]
R NHTs EtsN - NTs
, DCE, t, 1h R2
R \\

o)
a0 20 mol% Tf,NH

0
1 1 "
R SN Et,SiH R s=0
H : N-R
R2 \\ DCE, rt, 10min R2

Isoindolines and Sultams formed under mild condictions

View Article Online
DOI: 10.1039/C8CC04946G


http://dx.doi.org/10.1039/c8cc04946g

