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Coulombic repulsion between two adjacent cation centres of 1,2-
carbodications are known to decrease with n- and/or n-donor
substituents by the positive charge delocalization. Here we report
the delocalization of positive charge of transient 1,2-carbodications
having one H-substituent by an intramolecular base-coordination.
N-heterocyclic olefin (NHO) derived 2-pyrrolidinyl appended
trisubstituted geminal diazaalkenes were employed for the
generation of transient 1,2-carbodications through a 2-e chemical
oxidation process. We have also studied the 1-e oxidation reaction
of trisubstituted geminal diazaalkenes (electrochemically and
chemically) and also studied them by insitu EPR spectroscopy.

Monocarbocations, | (Scheme 1) are a ubiquitous class of
organic intermediates which have been very well-studied over
a century, to gain understanding of chemical reactivity, reaction
mechanisms and also to address their stability.! In parallel to
the well-studied monocarbocations, the chemistry of
carbodications, Il (Scheme 1), an important class of
compounds, has also been developed.? Among carbodications,
1,2-carbodications, lll (Scheme 1) possess strong Coulombic
repulsion between two adjacent cationic centres and therefore,
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the isolation of 1,2-carbodications are extremely challenging in
addition to the synthetic difficulties that are present.3 Chemists
have been considering to overcome the challenge of Coulombic
repulsion by designing substituents that allow a delocalization
of the positive charges using rt- and/or n-donor substituents.* In
contrast to carbocations,® partially H-substituted, 1,2-
carbodications using any combination of n-donor, 1t-, or neutral-
substituents are sparse.® Theoretical calculations on ethylene
dication, a fully H-substituted 1,2-carbodication has been
reported.” Carbocations are known to form an adduct with
Lewis base, IV (Scheme 1) even in a reversible manner to
delocalize the positive charge.® ° This strategy is what we
present to delocalize the positive charge in the case of 1,2-
carbodications. Accordingly, herein we report the preparation
of trisubstituted geminal diazaalkene-derived intramolecular
base-stabilized dications V (Scheme 1) by a 2-e oxidation
process. These systems have one H-substituent. We also report
the electrochemistry of the trisubstituted geminal diazaalkenes
involving its 1-electron oxidation (electrochemical as well as
chemical) and also studied EPR spectroscopy.
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Scheme 1 Chemical structures of I-V (R = monoanionic ligand, LB = Lewis base)
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We have considered 2-pyrrolidinyl as a substituent for
trisubstituted geminal diazaalkenes considering that the N-
centre of 2-pyrrolidinyl moiety can have the possibility for an
intramolecular base-coordination to the putative 1,2-dications.
Accordingly, we performed a 1:1 reactions of 110 and 28! to
afford the formation of 3R (Scheme 2).12
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Scheme 3 2-Electron chemical oxidation of 48 under the formation of 7R

During the course of the reaction between 1 and 2R we
observed the formation of a small amount of
pentamethylimidazolium triflate salt along with the desired
monocations, 3R.13 Subsequent treatment of 3R with KHMDS
afforded the target alkenes 4R (Scheme 2).12 The 'H NMR
spectrum of 4P displays two equal intensity doublets at 5= 2.86
ppm and 4.03 ppm with a coupling constant of 3/ 1) = 10.7 Hz
for allylic- and vinylic-H, respectively. Analysis of the single
crystal structure of 4% (Figure 1) shows the central olefinic
carbon-carbon bond length (1.350(3) A) is shorter than that of
1 (1.357 A).20 Frontier molecular orbitals analysis of 4P and 4Bu
by DFT calculations reveal that the HOMO is mostly localized at
the H-substituted olefinic carbon-centre. On the other hand,
the LUMO is mainly delocalized across the olefin moiety of the
backbone of NHC-scaffold (see Figures $S24-S25 in ESI).12

Figure 1 Solid state molecular structure of 4% with thermal eII|p50|ds at 50%
probability level. All H atoms except at C8 and C9 are omitted for clarity.

Subsequently, the reaction of 4™ and 4'*v with two
equivalents of AgOTf was carried out (Scheme 3).22 In the case
of 4" the 1,3-dication 7P was obtained in a good yield through
a plausible intramolecular base coordination to the initially
formed transient 1,2-carbodication, 6®".24 We didn't observe
any 1,2-hydrogen shifted product 8P though it is 22.1 kcal/mol
lower in Gibbs free energy with respect to 7. The 'H NMR
spectrum of 7" exhibits two equal intensity doublets at 5= 4.64
ppm and 4.39 ppm with a coupling constant of 3J1,y 1) = 6.6 Hz
for C-H of aziridinium-moiety of 7/,

2 | Chem. Commun., 2018, 00, 1-4

The molecular structure of 7" confirms the formation of the
1-azabicyclo-[3.1.0]-hexan-1-ium-moiety?® (Figure 2). The
formulated structure of 7" is further supported by the natural
bond orbital (NBO) analysis.’> The two carbon-nitrogen bond
lengths of 7" (1.534(18) and 1.496(19) A) of the aziridinium
moiety are different due to the non-identical environments at
the carbon centres involved. This is similar to the reported 1-
azabicyclo-[3.1.0]-hexan-1-ium-moiety where the two carbon-
nitrogen bond lengths of the aziridinium moiety are quite
different (1.520 and 1.490 A).25@  The central C3—C8 bond
length is 1.472(19) A which is slightly shorter than that of the
corresponding dication derived from NHC-CAAC heterodimers
(1.482 to 1.491 A)0@. 16 and diamido carbene-pyran-
heterodimers (1.510 A)Y7 suggesting the effective delocalization
of positive charge at the C8-centre by an intramolecular base-
coordination under the formation of the aziridinium motif.
Natural population analysis (NPA) of 4®" and 7™ indicates
donation of electron from N3 to the C8 centre (N3 has a charge
of value -0.143 in 7" compared to —0.269 as in 4", see Table
S2 in ESI).12

Figure 2 Solid state molecular structure of 7 with thermal ellipsoids at 50%
probability level. Two triflate anion and all H atoms except at C8 and C9 were
omitted for clarity.

On two electron chemical oxidation of 48" with AgOTf the
1,3-dication 7" was obtained by the elimination of isobutylene
from the N-tBu moiety!P through an initially formed transient
1,2-carbodication 6™ (Scheme 3). The elimination of
isobutylene from 7% is favorable by -4.2 kcal/mol in Gibbs free
energy.1? The central C3—C8 bond length of 7H is 1.487(3) A (see

This journal is © The Royal Society of Chemistry 20xx
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Figure S6 in ESI) which is longer than the corresponding distance
found in 771 (1.4721(19) A).

To address the nature of the 2-e oxidation of 4" and 48
whether it is stepwise or simultaneous we performed cyclic
voltammetry investigations. As expected, these two
compounds display oxidation steps at negative potentials (see
Figures S8 and S10, and Table S1 in ESI).1? The first oxidation of
4P and 4 occurred at -0.87 and -0.91 V, respectively in
THF/0.1 M Bu4NPFg versus the FcH/FcH* couple. A second
oxidation is observed for 4®" and 4tY at +0.10 and -0.03 V,
respectively. The substituents thus only have a negligible
influence on the redox potentials of these compounds. 4"
displays a third oxidation step that is likely related to the
oxidation of new products formed after the second oxidation
step. As expected for these extremely electron-rich olefins, they
can only be reduced at potentials more negative than -3 V. The
shape of voltammograms point to irreversible redox steps (see
Figures S8 and S10 in ESI). Scanning only the first oxidation step,
and varying the scan rates did not have a significant influence
on the reversibility of the first oxidation step (Figures S9 and S11
in ESI). The irreversibility is likely related to reactions involving
the reactive C-H olefinic bond (see Schemes 3 and 4).

Subsequently, we performed a 1-e chemical oxidation of 4r
and 4" with an equivalent amount of AgOTf which leads to the
formation of a H-abstracted product, 3" and 3tY from an
initially formed radical cation® 5™ and 5t along with other
unidentified products (Scheme 4).
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Scheme 4 One electron oxidation of 4% and two electron oxidation of 4°®

We were unable to detect the radical cation 5P and 5¢BY
even after immediate measurements of the insitu generated
species through solution state EPR spectroscopy. To enhance
the limited stability of the radical cation we considered N-Dip
substituted trisubstituted diazaalkene 4P"® which was prepared
in an analogous way to that of 4" and 48 (Scheme 2).12 The
results from the cyclic voltammetry investigations of 4PP (see
Figures S12 and S13, and Table S1 in ESI) is close to that of 4"
and 414, Chemical oxidation of 4P with one equivalent of
AgOTf displayed an EPR signal which could be simulated by
considering hyperfine couplings to three N (A(**N, MHz) =
5.77, 6.04, 5.03) and two 'H nuclei (A(*H, MHz) = 6.00, 6.07)
(Figure 3). This signal decayed in ca. 2 minutes. Attempts were

This journal is © The Royal Society of Chemistry 20xx
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made to reproduce these experimental parameters,atvariQus
levels of theory with several modificatidis! by Eo19si&rirg SP®
as the structure of the radical. However, in all these
calculations, the hyperfine coupling to the central *H nuclei was
much larger than the experimentally observed value (see ESI).12
Consideration of a hypothetical molecule with an O-atom
inserted between the central C-H bond delivered calculated
hyperfine couplings that are much closer to the experimentally
observed values. Even though we cannot unambiguously assign
the structure of the observed radical, we can say with a fair
amount of confidence that it is likely a radical that has a nuclei
without any appreciable nuclear spin inserted between the
central C-H bond. More importantly, this observation indirectly
points to the formation and the existence of 5P .Furthermore,
the formation of 3PP from the chemical oxidation of 4°"® also
suggests the initial formation of the radical cation 5P and then
subsequent hydrogen atom abstraction most likely from the
solvent. In contrast to 4" and 4*8Y, the 2-e oxidation of 6P leads
to an isolation of very low vyield of the dication 9 with a
concurrent cleavage and rearrangement of the 2-pyrrolidine
scaffold.?®

1,01
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sim

335 336 337 338 339
Magnetic Field (mT)

Figure 3 Experimentally obtained and simulated EPR spectra
after the insitu oxidation of 4P with AgOTf.

At the end, to see the fate of 7P" with base we reacted it
with  KHMDS and observed the formation of 10 through
deprotonation followed by an aziridinium ring expansion?®
(Scheme 5).%2 In a similar reaction condition, compound 7" leads
to a aziridinium N-H deprotonated product 11.12

OTf P
Pr
’ KHMDS :[
H

7lPr

OTf
Scheme 5 Synthesis of 10.

In the 'H NMR, the presence of a singlet at 0= 5.54 indicated
the olefinic proton. The central C1—C8 bond distance in 10 is
1.4843(18) A which is longer than that of the central C-C bond
distance of 7" (1.4721(19) A) (see Figure S7 in ESI).12

In conclusion, we have disclosed a strategy for the
delocalization of positive charge of a transient H-substituted

Chem. Commun., 2013, 00, 1-4 | 3
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1,2-carbodication by an intramolecular base coordination. We
obtained the transient 1,2-carbodication from 2-pyrrolidinyl
substituted geminal diamino trisubstituted alkenes which has
been derived from N-heterocyclic olefin (NHO) and conjugated
acid of cyclic(alkyl)(amino)carbene (CAAC). Moreover, we have
also studied the one electron oxidation of these geminal
diamino trisubstituted alkenes which shows a limited stability
of the corresponding radical cations. We feel that the strategy
disclosed in this work will be effective for the generation of a
variety of other transient 1,2-carbodications.

This project was funded by intramural funds at Tata Institute
of Fundamental Research (TIFR) Hyderabad, Gopanpally,
Hyderabad-500107, Telangana, India from the Department of
Atomic Energy (DAE), Government of India, India. The National
Facility for High-Field NMR, TIFR-Hyderabad, is highly
acknowledged for the very convenient access to the NMR
spectrometers and Dr. D. Krishna Rao for technical assistance.
SKP and VC is thankful to the DST, New Delhi, India, for a
National J. C. Bose fellowship.PS thanks Council of Scientific and
Industrial Research (CSIR), New Delhi, India for Junior Research
Fellowship (JRF) and SD thanks JNCASR for fellowship. SKP
acknowledges research support from DST, New Delhi, India. NIN
thanks the Alexander von Humboldt Foundation, Germany for a
post-doctoral fellowship. We are grateful to the reviewers for
their critical insights to improve the quality of the manuscript.

Conflicts of interest

The authors declare no competing financial interests.

Notes and references

1 (a) G. A. Olah, J. Org. Chem., 2001, 66, 5943-5957; (b) G. A.
Olah, J. Am. Chem. Soc., 1972, 94, 808—820; (c) M. Saunders
and H. A. Jimenez-Vazquez, Chem. Rev., 1991, 91, 375-397;
(d) G. A. Olah, J. Org. Chem., 2005, 70, 2413-2429; (e)
Carbocation Chemistry, (Eds.: G. A. Olah, G. K. S. Prakash),
Wiley Interscience, New York, 2004.

2 (a) H. Hart, T. Sulzberg and R. R. Rafos, J. Am. Chem. Soc.,
1963, 85, 1800-1806; (b) G. K. S. Prakash, T. N. Rawdah and
G. A. Olah, Angew. Chem. Int. Ed. Engl., 1983, 22, 390-401; (c)
G. A. Olah, V. P. Reddy, G. Rasul and G. K. S. Prakash, J. Am.
Chem. Soc., 1999, 121, 9994-9998; (d) K. Lammertsma, P. von
R. Schleyer and H. Schwarz, Angew. Chem. Int. Ed. Engl., 1989,
28,1321-1341.

3 T.Ohwada, T. Yamazaki, T. Suzuki, S. Saito and K. Shudo, J. Am.
Chem. Soc., 1996, 118, 6220-6224.

4 (a) V. G. Nenajdenko, N. E. Shevchenko and E. S. Balenkova,
Chem. Rev., 2003, 103, 229-282; (b) J. A. Murphy, J. Garnier,
S. R. Park, F. Schoenebeck, S. Z. Zhou and A. T. Turner, Org.
Lett., 2008, 10, 1227-1230; (c) J. Garnier, D. W. Thomson, S.
Z. Zhou, P. I. Jolly, L. E. A. Berlouis and J. A. Murphy, Beilstein
J. Org. Chem., 2012, 8, 994-1002; (d) P. W. Antoni, T.
Bruckhoff and M. M. Hansmann, J. Am. Chem. Soc., 2019, 141,
9701-9711.

5 H. Mayr, T. Bug, M. F. Gotta, N. Hering, B. Irrgang, B. Janker,
B. Kempf, R. Loos, A. R. Ofial, G. Remennikov and H. Schimmel,
J. Am. Chem. Soc., 2001, 123, 9500-9512.

6 H.Bohme, G. Auterhoff and W. Hover, Chem. Ber., 1971, 104,
3350-3353.

4

Chem. Commun., 2018, 00, 1-4

10

11

12

13

14

15

16

17

18

19

20

(a) K. Lammertsma, M. Barzaghi, G. A. Olah, J. éév’v’ggé%cﬁrmjé
Kos and P. v. R. Schleyer, J. Am. Chem.£9¢401983,385 52527
5257; (b) C. Benoit and J. A. Horsley, Mol. Phys. 1975, 30, 557—
563.

(a) H. Mayr, J. Ammer, M. Baidya, B. Maji, T. A. Nigst, A. R.
Ofial and T. Singer, J. Am. Chem. Soc. 2015, 137, 2580-2599;
(b) E. Follet, P. Mayer, D. S. Stephenson, A. R. Ofial and G.
Berionni, Chem. Eur. J., 2017, 23, 7422-7427.

(a) D. Himmel, I. Krossing and A. Schnepf, Angew. Chem. Int.
Ed., 2014, 53,370-374; (b) G. Frenking, Angew. Chem. Int. Ed.,
2014, 53, 6040-6046.

N. Kuhn, H. Bohnen, J. Kreutzberg, D. Bladser, R. Boese, J.
Chem. Soc., Chem. Commun. 1993, 0, 1136-1137.

(a) D. Mandal, R. Dolai, N. Chrysochos, P. Kalita, R. Kumar, D.
Dhara, A. Maiti, R. S. Narayanan, G. Rajaraman, C. Schulzke, V.
Chandrasekhar and A. Jana, Org. Lett., 2017, 19, 5605-5608;
(b) D. Mandal, R. Dolai, R. Kumar, S. Suhr, N. Chrysochos, P.
Kalita, R. S. Narayanan, G. Rajaraman, C. Schulzke, B. Sarkar,
V. Chandrasekhar and A. Jana, J. Org. Chem., 2019, 84, 8899—
8909.

See the Electronic Supplementary Information (ESI) for the
experimental details and computational details.

D. Mandal, R. Dolai, P. Kalita, R. S. Narayanan, R. Kumar, S.
Sobottka, B. Sarkar, G. Rajaraman, V. Chandrasekhar and A.
Jana, Chem. Eur. J., 2018, 24, 12722-12727.

(a) A. Gayet and P. G. Andersson, Adv. Synth. Catal., 2005,
347, 1242-1246; (b) J. R. Malpass and R. White, J. Org. Chem.,
2004, 69, 5328-5334; (c) S. E. Sosonyuk, M. N. Bulanov, I. F.
Leshcheva and N. V. Zyk, Russ. Chem. Bull., 2002, 51, 1254—
1261; (d) J. Lee, T. Hoang, S. Lewis, S. A. Weissman, D. Askin,
R. P. Volante and P. J, Reider, Tetrahedron Lett., 2001, 42,
6223-6225.

(a) H.Jeon, H.Cho and S. Kim, Org. Lett., 2019, 21, 1121-1124;
(b) M. A. Graham, A. H. Wadsworth, M. Thornton-Pett and C.
M. Rayner, Chem. Commun., 2001, 966-967; (c) E.
Pombo-Villar, J. Boelsterli, M. M. Cid, J. France, B. Fuchs, M.
Walkinshaw and H. -P. Weber, Helvet. Acta, 1993, 76, 1203—
1215.

D. Mungz, J. Chu, M. Melaimi and G. Bertrand, Angew. Chem.
Int. Ed., 2016, 55, 12886-12890.

P. W. Antoni and M. M. Hansmann, J. Am. Chem. Soc., 2018,
140, 14823-14835.

(@) Y. Kim, L. L. Liu and D. W. Stephan, Chem. Eur. J., 2019, 25,
7110-7113; (b) M. K. Nayak, J. Stubbe, N. I. Neuman, R. S.
Narayanan, S. Maji, C. Schulzke, V. Chandrasekhar, B. Sarkar
and A. Jana, Chem. Eur. J. 2020, 26, 4425-4431.

(a) Z. R. Turner, Chem. Eur. J., 2016, 22, 11461-11468; (b). U.
S. D. Paul and U. Radius, Chem. Eur. J., 2017, 23, 3993-4009.

(a) A. F. Eichhorn, S. Fuchs, M. Flock, T. B. Marder and U.
Radius, Angew. Chem. Int. Ed., 2017, 56, 10209—-10213; (b) M.
Arrowsmith, J. Béhnke, H. Braunschweig and M. A. Celik,
Angew. Chem. Int. Ed., 2017, 56, 14287-14292; (c) ).
Lorkowski, M. Krahfull, M. Kubicki, U. Radius and C.
Pietraszuk, Chem. Eur. J., 2019, 25, 11365-11374.

This journal is © The Royal Society of Chemistry 20xx

Page 4 of 5


https://doi.org/10.1039/d0cc02807j

Page 5 of 5

Published on 08 June 2020. Downloaded on 6/9/2020 7:34:53 AM.

ChemComm

View Article Online
DOI: 10.1039/D0CC02807J

TOC

Coulombic repulsion between two adjacent cation centres of 1,2-carbodications are known to decrease
with m- and/or n-donor substituents by the positive charge delocalization. Here we report the
delocalization of positive charge of 1,2-carbodications having one H-substituent by an intramolecular
base-coordination. 2-pyrrolidinyl appended trisubstituted geminal diazaalkenes is employed for the
synthesis of intramolecular base-stabilized dications under 2-e oxidation.

)
OTf

H iPr H :Pr
2AgOTE. ‘ ®> ® _N/ ‘ @ N@
"2A9 \ H


https://doi.org/10.1039/d0cc02807j

