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NMR/MS: Structure elucidation in organic

chemistry
Method Minimal amount of Concentrations
sample, mg range, M

Routine Advanced

hardware hardware
X-Ray 50 10 -
(single crystal)
Nuclear Magnetic B 10-2 - 105 1.0 - 106
Resonance (NMR) >.0-0.01
Mass-spectrometry 103 — 106 106 — 1012 105 — 1012
Microscopy ~ 103 10-3 - 106 -




Joint NMR/MS studies in organic chemistry
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Preliminary accounts Utilization of NMR spectroscopy and mass spectrometry for joint mechanistic and structural studies is a well-known practice.
™ o of new works in chemistry Several opportunities have appeared in recent years because of new hardware development and design of novel experimental
ussian

Aecntemyf Scignces o proc(:icidurcs. (Ii{cccnt progress in this area and leading examples of new development, as well as already distinguished techniques,
are discussed.

Mendeleev Commun., 2010, 20, 125-131.



Sensing Chirality by NMR
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» Easy determination of enantiomeric purity of crude samples and isolated products.
* Monitoring of ee.

 Absolute configuration (if standard is known).

* Without chromatography!

Chem. Commun., 2010, 46, 3212; Green Chem., 2011, 13, 1735.
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FRONTIERS IN TRANSITION METAL CATALYZED REACTIONS
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“Transition-Metal-Catalyzed C-S, C-Se, and C-Te Bond Formation
via Cross-Coupling and Atom-Economic Addition Reactions”
Chem. Rev. 2011, 111, 1596.



Application in organic synthesis

RZ R ~ (homogeneous)
100 °C, Solvent free

ArS SAr

mzm

or R3zZR3

4
60-99%, stereoselectivity > 99/1
R%Z = SAr

80-99%, stereoselectivity > 99/1
Z=S§, Se
R? = H; R®= Ar, Alk

Review: Chem. Rev. 2011, 111, 1596.

10- 25%
R3Z = SAr, SeAr
R?2=H
Ni or Pd =
("nanosalt’) <
20-60°C ZAr
Solvent free 1
70-90%
R3Z = SAr, SeAr
R?=H
R?Z R
SeAr
2

75-95%, stereoselectivity > 99/1
R3Z = SeAr
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One-dimensional (1D) nanostructures have attracted much at-
tention because of their potential application in numerous fields of
science and engineering. Presently. a tremendous amount of research
activity is under way for the use of 1D nanostruetures (such as
nanowires, nanotubes, nanobelts, and nanofibers) as well-defined
building units for the fabrication of various nanoscale devices.! In
addition to the field of nanoscale devieces precursors, 1D nano-
structures with organic ligands could be of great importance for
carrying out highly selective chemical transformations i a catalytic
manner.!4P Special procedures have been developed for the

preparation of inorganic (1D) nanostructures based on metal ’ A - B C
chalcogenides M;Zy (M = Zn. Sn, In. Cd, Ga, Pb, Pd: Z= 0. S, Figure 1. Low magnification (A. 1000x) and high magnification (B.
Se).2? However, these methods involve harsh reaction conditions, 8000, C. 16000x) SEM images of [Pd(SCy):], (da).

and they are unsuitable for the preparation of nanostructures with
organic ligands. Not surprisingly, the application of 1D nanostrue-
tures with organic ligands remains unexplored.?

T Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences.

* Lomonosov Moscow State University.

i Wesmevanov Institute of Organcelement Compounds, Russian Academy of
Sciences.

=WNew Mexico Highlands University.

7252 m J. AM. CHEM. SOC. 2007, 7258, 7252—7253



Electron microscopy study of “Nanosalts”

[PA(SCy),], [Pd(SBn),];

Invited Perspective article on “Nanosalts™. Dalton Trans., 2011, 40, 4011.



Catalytic addition to internal alkynes

_ R R2 CHEMISTR
L Ni(acac), / L A EUROPEAN JOUR
RI—=——R2 + ArS—SAr = = sort
100°C ArS SAr
Solvent free
60-99%
L = PMePh, (30 mol%) Z/E > 99/1
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i Y
L, ! 74 SAr
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p ; .
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Chem. Eur. J. 2010, 16, 2063; Chem. Eur. J., 2011, 17, 12623.



Cycloaddition and cycloaromatization
involving alkynes

R3 2
R'] ... [R® R
M\ [R]... [R”] R4 )
X — | \ R'I
Substitution reactions R5 X Cyclization
(multiple steps) =6 (single step) y

Position encoded in the linear structure

Linear Encoding of Functional Groups in the Synthesis of
Aromatic and Heterocyclic Compounds

Chem. Sci., 2011, 2, 2332.



Adaptive tuning of Pd catalysts
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J. Am. Chem. Soc. 2012, 134, 6637.



Understanding adaptivity of Pd catalysts

Pd(OAc),
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J. Am. Chem. Soc. 2012, 134, 6637.



High resolution NMR in ionic liquids
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Chem. Sus. Chem., 2012, 5, 783.



High resolution NMR in ionic liquids
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13C{'H} NMR spectrum (150 MHz, 80 °C) of the native IL sample of reaction
mixture: [BMIM][CI] (blue), glucose (green), 5-HMF (red), and borate

complex (orange).

Chem. Sus. Chem., 2012, 5, 783.
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