These reaction conditions were tested several times using either the digital MFC or a
needle valve atop the condenser arm (ensuring a continuous purge despite the changing rate of
syn-gas consumption) to control the purge rates. Syn-gas purge rates were tested ranging from
~0.45 psig/min (10 sccm) up to ~4.0 psig/min (85 sccm) while maintaining a 90 psig pressure
inside the autoclave. In no case so far has any heptanoic acid been produced using a continuous
purge of H,:CO gas.

4.6.8 Overall aldehyde-water shift experimental results

For the first time in 8 years, since Aubry reported his findings in his dissertation,® the
aldehyde-water shift catalysis (both direct and tandem reactions) was successfully performed
using controlled reaction conditions. Replication of past results have been made more difficult
due to autoclave and gas manifold design modifications, process controller upgrades, and lack of
detailed raw experimental data from previous work. Despite the lower number of turnovers and
turnover frequency of these results, they represent the first reproducible, successful attempts at
the aldehyde-water shift catalysis using our current generation of the autoclave reactors.

In all cases, the catalyst must be activated in situ by placing the catalyst precursor
solution ([rac-Rhy(nbd),(et,ph-P4)](BF,), dissolved in a 30% water-acetone solution) in the
autoclave reaction vessel, then pressurizing it with H,:CO gas with heating (90°C) and stirring
for 20 minutes. For the tandem hydrocarboxylation reactions, the best results were achieved by
proceeding with the hydroformylation reaction until 75 — 90% of the 1-hexene has been
consumed, then followed by the venting of the autoclave to 50 psig and switching the gas feed to
50 psig CO. After allowing the reaction to continue for 8 hrs, 150 turnovers (~0.13 M
concentration) of heptanoic acid were detected via GC-MS, with no detectable amounts of the

branched carboxylic acid side product. For the direct aldehyde-water shift reaction, the best
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A.3 Mark Il Flow-Control Autoclave Reactor Design
with Volume Measurements
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Aldehyde-Water Shift Catalysis Hydroformylation
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A6  Phenylphosphine (**PNMR spectrum)
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A.7  Bis(phenylphosphino)methane (aka: “bridge”) (**PNMR spectrum)
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A.8  Chlorodiethylphosphine (**PNMR spectrum)
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A.9  Diethylvinylphosphine (**PNMR spectrum)
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A.10 et,ph-P4 ligand (mixed racemic/meso diastereomers) (*PNMR spectrum)
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A.l1 Rh(nbd)(acac) (*HNMR spectrum)
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A.12 [Rh(nbd);](BFs) (*HNMR spectrum)
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A.13 [rac-Rhy(nbd),(et,ph-P4)](BF,), catalyst precursor (**PNMR spectrum)
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A.14 Racemization of meso-et,ph-P4 ligand

Racemization of meso-et,ph-P4 ligand
80.0%
20.0% —o=—Racemic
=8=|\eso
60.0%
50.0%
40.0%
30.0%
20.0%
Time [hours]

Time [hr] | % Racemic | % Meso

0 25.7% 74.3%

1 30.4% 69.6%

2 33.0% 67.0%

3 35.6% 64.4%

4 40.8% 59.2%

5 43.8% 56.2%

6 46.2% 53.8%

7 47.5% 52.5%

8 48.2% 51.8%

9 50.0% 50.0%

10 50.5% 49.5%

11 52.0% 48.0%
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