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Next-generation gas-liquid phase green chemical synthesis with microbubble /
nanobubble strategy
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We applied micro- and nanobubbles (MNB) to use in gas-related multiphase
reactions, which are clean and simple systems because reactive gases are easily removed from a
reaction mixture to isolate products. We aim to develop a new exRerimental methodology using MNB for
gas-related multiphase reactions under room temperature, atmospheric pressure, and no vigorous
mechanical stirring conditions. We investigated, 1) TEMPO-catalyzed aerobic oxidation of alcohols,
2) the gas-liquid-solid multiphase palladium-catalyzed hydrogenation of alkenes and nitroarenes, 3)
one-pot synthesis of hydrogen peroxide solution via anthraguinone method, and 4) oxidative
dehydrogenations and addition reactions using photo-induced singlet molecular oxygen. We have
achieved a significant improvement with environmentally-friendly MNB-based technique. We believe
that this new methodology is an important contribution to general gas-related multiphase reactions

with simple, safe, autoclave-free, and green protocols.



Figure 2
Figure 1
H21 H22
@ E H23 H24
)=
oo \/ MNB
NH,, CO
oo, L
CH,=CH,, etc
Figure 1.
Figure 3
Figure
2 )
Figure 3.
MNB
) C ] () Stage 1 MNB
|'| "l:l Stage 2 MNB
¥
R Stage 3  MNB
MNB
Figure 2.
Stage 1 MNB
1-1 MNB
MNB
MNB




MNB

1-2 MNB

MNB

Stage2 MNB

MNB

2-1
0.8
1.4

MNB
NNB
1-1
MNB
H,~MNB

2-2
air, N,, 0,,
0;, H,, CO,, CO, NH;, CH,, CH,=CH,, HC= CH
DMSO, DMF, MeOH

MNB

MNB
2-3

MNB
2
MNB
MNB

Stage 3 MNB
3-1

MNB

NH,

3-2
MNB

MNB

MNB

MNB

MNB

H,

0
pH

MNB

MNB

MNB

MNB

MNB

Pd

Figure 4

Co,

MNB

MNB



Hydrogenation

R’ R!
RzJ\KR3 Pd / Al,O5 _ w2 J\(Rs
H, (cm-mm Bubbling
R* or Micronanobubble) R*
bttt A
or Solvent, 30°C, 1-6 h or
Ar—NO, Ar—NH,
Hydrogenation-1 (-C=C- — -CH-CH-)
cm-mm Bubbling MNB
Conv. 38% Conv. >99%

(R! = Ph, R234 = H) (R! = Ph, R234= H)

Conv. >99 %
(11 examples)

Conv. 2~45 %
(11 examples)

Hydrogenation-2 (-NO, — -NH,)

cm-mm Bubbling MNB
Conv. <1% Conv. >99%
(Ar =Ph) (Ar=Ph)
Figure 4.
MNB
(H,0,)
(H,0,)
H,0,
MNB
H0,
H0,
3
Bwth) H,0aq
(Figure 5)
H,0,aq
[REED e
(Hy — 07) ©) 9
T = R-SR  gSp
| ||(y 72%. Cone 31 WHk) e "2°2H 0| — N ”<f
e 30°C,1.5h 1 R
T~ |—— Vi RiHR.‘\< W
T E‘ RN RﬁR‘ R
PdIAléggéZ.aﬁ;nN%) g); A R
HR-WET. DRI ER
Figure 5. MNB H,0,
3

MNB

2

FB

MB NB

FB
FB
Figure 6
FB
NB
NB
NanoSight
NB
NB
Figure 6
NB
NB
2.5
NB
NB
NB
hnlE

Air (Condition, 5 mL/min) o)
S hv (100 W Hg) s
- = ~
©/ CH3CN/MeOH (1 M) ©/
30°C,6h

NB

BNy \ipa) (105 /L) oy (%)
1 o0 0.00 9 71
2 o 0.00 104 7.4
3 o5 7.48 104 19

3CHyCN/MeOH(vAY, 5:1)
bDetermined by GC analysis. Internal standard: Decane (10 mM).

Figure 6. NB



Mase, N.
Fine
bubbles-based organic synthesis:

Utilization of invisible bubbles
, 2018, 18 (1), 23-30

Mase, N.; Nishina, Y.; Isomura, S.;
Sato, K.; Narumi, T.; Watanabe, N.
"Fine-bubble-based strategy for the
palladium-catalyzed hydrogenation of

nitro  groups: Measurement  of
ultrafine  bubbles in  organic
solvents™ Synlett 2017, 28(16):

2184-2188 DOI 10.1055/s-0036-1588869

08
2018
08 2018
- 08
2018
10
2018
10
2018
- 48
2017
- 48
2017
2017
2017
10
10
2017
2017 2017

21

22

23

24

25

2017

JACI/GSC 2017
2017
2017
97
2017
97 2017
2017
97
47
2016
2016
2016
2016
JACI1/GSC 2016
17
96
2016

2017

97

2017

2016



26

27

28

29

30

31

32

33

34

RIKEN CSRS
SEMINAR 2016

96
2016

o Mase, Nobuyuki; Nishina, Yuki; Sato,
Kohei; Narumi, Tetsuo; Watanabe,
Naoharu Green organic synthesis in
gas-related multiphase reactions
using  micro- and nanobubbles
strategy the Pacifichem 2015 2015

46
2015

27
2015

54 2015

Nishina, Yuki; Tsuboi, Takuya; Narumi,
Tetsuo; Watanabe, Naoharu; Mase,
Nobuyuki Development of green organic
synthesis in multiphase reactions
using  micro- and nanobubbles
strategy the GSC-7 and 4th JACI/GSC
Symposium 2015

Yuki Nishina, Kohei Sato, Tetsuo
Narumi, Naoharu Watanabe, Nobuyuki
Mase  Efficient gas-related photo
reactions using micro- and nanobubble
strategy under atmospheric pressure
the 3rd International Symposium on
Process Chemistry (ISPC 2015) 2015

2015

89
2015

https://wwp.shizuoka.ac.jp/mase/

@
MASE, Nobuyuki

40313936

®

®
SAITO, Takayuki
10324328
TATEMOTO, Yuji
00324335
KOHNO, Yoshiumi
50334959

*)



