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Parahydrogen Enhanced NMR by Pairwise Replacement Catalysis
Zhou, R.H.; Zhao, E.W.; Quinones, R.E; Bowers, C.R. (UF Chemistry); Cheng, W.; Neal, L.M.; Zheng, H.B. and Hagelin-Weaver (UF Chemical Engineering)
Introduction

Pairwise and random addition processes are ordinarily indistinguishable in hydrogenation reactions. The distinction becomes important only when the fate of spin correlation matters, such as in parahydrogen-induced polarization (PHIP). Supported metal catalysts were not expected to yield PHIP signals given the rapid diffusion of H atoms on the catalyst surface and in view of the sequential stepwise nature of the H atom addition in the Horiuti–Polanyi mechanism. Thus, it seems surprising that supported metal hydrogenation catalysts can yield detectable PHIP NMR signals.  
Experimental - There should be one blank line Arial, 10 pt. space before each heading.

Two Pt/TiO2 catalysis, an Ir/TiO2 catalyst, and a Pt/Al2O3 catalyst were prepared by the precipitation–deposition (PD) method, all with a nominal loading of 1%. Propene was purchased from Airgas, Inc. (99.5% purity), and 3,3,3-trifluoropropene (purity 99%) was purchased from Synquest Laboratories (Alachua, FL). The solid catalyst was packed into a 1/4 in. o.d. U-shaped glass tube mounted inside a ceramic heating element inside which the temperature of the catalyst bed can be varied from ∼25 to 400 °C. The reactor is mounted just above the bore opening of a 9.4 T Bruker Ultrashield actively shielded magnet, where the fringe field is 5 mT. Spectra of the flowing reactor effluent were acquired on a Bruker Avance 400 MHz (B0 = 9.4 T) NMR spectrometer. All of these catalysts demonstrated strong PHIP and PR-PHIP signals.
Results and Discussion

[image: image2.png]PHIP ALTADENA proton NMR spectra of the effluent from the hydrogenation reactor containing 10 mg of either Pt/TiO2 or Ir/TiO2 catalysts at a reactor temperature of 300 °C. (a, b) Propene (PE) was used as substrate. (c, d) Trifluoropropene (TFPE) was used as substrate. The inset shows an expansion around the CH and CH2 peaks of PE and TFPE. The peaks labeled a–f correspond to the structures shown at bottom right.

Conclusions

As a key methodology, we have shown how ALTADENA density matrix spectral simulations can provide information about the stereochemistry of hydrogenation, despite the complication of migration of the incipient scalar order under strong coupling conditions. The stereoselectivity indicates that the pairwise replacement process does not involve a surface-bound alkyl species, because the disposition of the hyperpolarized scalar order would be randomized in such an intermediate. A hypothetical mechanism involving dehydrogenation of hyperpolarized propane is also inconsistent with the observed stereoselectivity and is eliminated as a possibility by additional control studies.
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