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Biomimetic synthesis of amino acid using continuous flow reactor packed with
reagents/catalysts
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The purpose of this study is to synthesize amino acids from carbon dioxide
biomimetically. a -Ketocarboxylic acid is synthesized from carbon dioxide and aldehyde (carbon
fixation) using thiamine analogues as a catalyst, and then a -ketocarboxylic acid is converted to an

amino acid (transamination).

In carbon fixation, we prepared a complex of aldehyde and thiamine analogues preliminary and
examined the addition of this complex to isocyanate. As a result, it was found that a
-ketocarboxamide was obtained sufficiently when the reaction was carried out with a combination of
triethylamine-acetonitrile. Using this condition, the reaction proceeded even when carbon dioxide
was used, and the target a -ketocarboxylic acid was obtained.
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rxlll/{i CHal (10.0 equiv.)
o OH reflux, 18 h OH
n-BuLi (1.20 equiv.) S or S
p——-Noay X
THF, -78 °C, quant. N MeOTf (1.00 equiv.) o ®
(3.00 equiv.) 2 Et,O, rt, 24 h 3 X X =1, quant
1 X = OTf, 95%

OCN

OR
S 1 50 equiv.)
|/
/g base (1.50 equiv.)

solvent additive, r.t.

C) desired undesired undeS|red
3 X 4 1
Entry R X Base Solvent Additive Result

1 TES | CsF DMF - n.d.

2 TES I CsF CH3CN - n.d.

3 H oTf DBU CHCl; - n.d.

4 H oTf DBU THF - compound 1, 5
5 H oTf DBU DMF - compound 3
6 H oTf DBU CH3sCN - compound 1, 5
7 H OTf Et:N CH:Cl> - n.d.

8 H oTf Et:N THF - n.d.

9 H oTf Et:N DMF - n.d.

10 H OTf Et:N CH3CN - desired 4 45%
11 H OTf 4-methylmorpholine CH:Cl; - n.d.

12 H OTf 4-methylmorpholine THF - n.d.

13 H OTf 4-methylmorpholine DMF - n.d.

14 H OTf 4-methylmorpholine CH3CN - n.d.

15 H OTf pyridine CHCl; - n.d.

16 H OTf pyridine THF - n.d.

19 H OTf pyridine DMF - n.d.

20 H OTf pyridine CH3CN - n.d.

19 H oTf DIEA CHJCl> - compound 3
20 H oTf DIEA THF - compound 3
21 H oTf DIEA DMF - compound 1, 5
22 H oTf DIEA CH3sCN - compound 1, 5
23 H OTf N&a.COs CHxCl> - n.d.

24 H OTf N&COs THF - n.d.

25 H OTf N&COs DMF - n.d.



26 H oTf NaCOs CH:CN - n.d.
27 H  OTf Et:N CHsCN - desired 4 19%
28 H  OTf Et:N CHsCN - desired 4 78%
29 H  OTf Et:N CHCN  Ti(Oi-Pr), n.d.
30 H oTf Et:N CH:CN CaCl, n.d.
31 H  OTf Et:N CHsCN Sc(OTf)s n.d.
32 H  OTf EtN CHCN  AI(Oi-P);  desired 4 23%
33 H  OTf EtN CHCN  Zn(OTf), n.d.
34 H oTf Et:N CH3sCN BF:OEt; compound 1, 5
35 H  OTf Et:N CHsCN Ag.COs n.d.
" isocyanate(3.00 equiv.) was added
™ EtsN was added to substrate and isocyanate in CHsCN
CO, (1 atm) O
NEt;, CH5CN

rt., 24 h, 58%

OH
O
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