-

\_

Mechanistic insight into heterogeneous
hydrogenation of methylenecyclobutane with
the use of parahydrogen

~

J

Oleq G. Salnikov'-2, Dudari B. Burueva', Larisa M. Kovtunova?,
Kirill V. Kovtunovi,|lgor V. Koptyug'

International Tomography Center SB RAS, Novosibirsk, Russia
°Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia




Spin isomers of hydrogen molecules
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Parahydrogen-Induced Polarization (PHIP)

Pairwise addition
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Homogeneous PHIP
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Heterogeneous PHIP

metal H,
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» Dissociative chemisorption of H,
» Rapid migration of H atoms b)

Pairwise addition of H, on
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Pairwise addition of H, on supported metal catalysts 1s possible!
(though it is not the main reaction pathway)
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HET-PHIP for mechanistic studies of catalytic reactions
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Hydrogenation of methylenecyclobutane

< M,

Two types of unsaturated functional groups:

» C=C bond
» cyclobutane ring
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Identification of reaction products
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Identification of reaction products
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Identification of reaction products
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Temperature dependence of selectivity
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PHIP effects observation
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Additional data: hydrogenation of 2-methyl-2-butene
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Formation of cyclic products from methylenecyclobutane
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Formation of linear products from methylenecyclobutane
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Formation of 2-methyl-2-butene from methylenecyclobutane
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Lineshape of 2-methyl-1-butene PASADENA signal

,:__
[
-
4
o

5 'H (ppm)
8d 8c o
B (AN
RATIO; M
8a 8b 8d

,:__
[
-
4
o=

17



NMR spectra simulations for 2-methyl-1-butene




Formation of 2-methyl-1-butene from methylenecyclobutane
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Mechanism of 2-methyl-2-butene hydrogenation
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Conclusions

HNMR - 11 reaction products
/ ﬁ—ﬂ * Reaction mechanisms
- proposed based on
M/TiO, < 4 5 o parahydrogen-induced

M = Rh, Pt, Pd 5 'H (ppm) polarization effects

» Methylenecyclobutane (MCB) hydrogenation over TiO,-supported Rh, Pt

and Pd leads to formation of up to 11 products.

» At T = 350 °C the major reaction product is methylcyclobutane, at 450 °C —

branched products isoprene, 2-methyl-1-butene and 2-methyl-2-butene.

» The use of PHIP technique allowed to propose mechanisms of formation

of various reaction products.

» Altogether, the obtained results demonstrate the unique features of PHIP

technigue as a tool for mechanistic studies of hydrogenation reactions.
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PASADENA vs. ALTADENA in gas-phase HET-PHIP
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Identification of reaction products

2D 'H COSY NMR NJ 1a
| 1b  /
. .J".
1c
Rh/TiO,
) | "2y wt.%
= @ S LB 3c 3a 4d
% H CH; 4a 4. H
| 3d Ho] H\/\fﬂLH
] 9 H 3b H 4de
3eH ap 4f
Sa 5.: 5.& E‘b ba
H P
E/\E:a/\ﬁf 6a 6c 6Ge
J ob 8d 8¢
r ‘g @:r - ; ' fa - SE/I
R Bl
: ] : 7c Te 8a 8b
s 'Fﬁl s —
» 11b
: T
: an % Y tia e
||||||||||||||||||||||||| 1 | | 11d
5 5 4 3 2 1 PN

25



ALTADENA spectrum: Rh
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ALTADENA spectrum: Pt
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ALTADENA spectrum: Pd
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Temperature dependence of conversion & selectivity
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PASADENA spectrum: Pt
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PASADENA spectrum: Pd
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Mechanism of formation of isoprene
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Parameters for spectral simulations of 2-methyl-1-butene
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Mechanism of formation of 2-methyl-1-butene
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Mechanism of formation of cyclic products
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Mechanism of formation of linear products
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Mechanism of formation of branched products
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