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X —YEM OB Z, PIMMmFE LTI~ (K13) . E6i2, ZhoDd I T Y =LA UFEDD
H, WL O EHWTERMIZ26-VT VU OKRFEILEZRT LTz, TORE, EROET VIS RIC
BOWTIIEN TH72LEHMTH - TH, 2,6-LF VU RITITHEEMEIMEN T &R X LT,

< HACOICO, (0 atm) Ly |

HOICIR#ES S _ 1omo%BR,

(IEE A~ o) N? neat, 150°C,6h 1 N H
1001 f L

i =, \ y .

JH S 98 ffif
5.0 . % CI/?\{L
H

| o

g <1%
E

Y

== ® 4 0¥ cl 1

e B(C4Fo)s ’a -3 5GBS

1 -10.0 <1% e 00 © ® \Q\/FF

16%
15.0 \ ..0 Fcl@\(lf
200 . 7?\/‘ j\? VA ZRMEAR
(H AR DEM)

-25.0
2.5 -2.0 1.5 -1.0 -0.5

LUMO[eV] 1
X13. 2,6-/LF 2 K RIZx T B H0% 4359 5 BE O Gibbs H B = ® /L ¥ — 21l (AG; kcal/mol) &
LUMO® = % L — YT O 4

>

Ho BY R BE AR D 37 72 T iR 3R
AW TIE, BBEAUAEDE T T HAKEL D OHDBEE OB R4 HIE L TX 7=, T, Hlly
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ENRDOBLIING, 26-VF P UR2-AF NV DU mEMSFE L TIREL TV, L, FEEE
OGS EDFMZED DI2HT= . T DOy FIXERENE L. BREOFHWEEOL LT —X O
AR THL ZLRALMNE o7 (K15) . £ 2T, AWFFETIE, HTED R 2 HEEEN S T
T2 LS, 20 LT, WOBDBEL DO ANF RE 2 H TR B 2 PRIE LTz,

@ Pofli&RzAVWERRAYECOMFERERICDHTE L HBFHA~DIEHA

EMEH D RGEIZH T2 D | ﬂm%ﬂﬁmmo TBETm X2, WRTAHAMREBEETHD, O
~@TiL, & v HEAEEO R EEHIC . HKFEDPDHEZTHEANA BT A RAFRFC B - BFEk S
é%&@%%’ﬁ@ﬁmf%ko:M’mif%# ZEHIMIC W TIE, HIHCOREM B ZBR%E L |

FNEE « FEFEE CTHY/COIRG T ANBHCOZERET 2 FIEOMBICLIUY AT,

ZORER, AR LB uelli=y 7 VEHANRCOZ @A RIS ET DHME L 2D 2 L& R
HL7Z (X16) . EHiC, BONTZCORERE A A R, BESRGETICELT L, Kil
2BV CCONBiBEL . CORBEMEINFAT L L 2R LT, ZOHM &AL, COL/KFE (Hy).
EFE (N2) DIRBEHTANHCORNMET 2 Z LITII L, ARBFERCR K FRFRE & LT bk Al
ﬁﬁf&;é:k%jﬂ%aﬁl{to

\

ey *
¥ (ofo ]
/ \ l Lo
W = [)vizeo ——= [nieo
co AHViEE \co
S Em -
B 1 ik 2
N/=\N CO iR | g
Me~ ~"Bu COIN, (&1 atm) 15 4 98%
Me NTf, COICH,/N, (&1 atm) 154 89%
Rt CO/H,IN, (&1 atm) 30 % 86%

K16. {&JFFli = v &7 LA Z 7= 2816 CO AT i W 35 & FH U 7= 7k 38 5 il

AR O SN ER T, BELE 2 LB LT 5, I*/vﬂ?‘—%’??‘%%ﬂ‘”ﬁ%?ﬁ@&'ﬁ%ﬁ%ﬁ@ﬁ%L\
FRICTENEEBOLTHRENT S, =XV X —RCONBETEEZRB LIAICH D, b, #Hi
IRA = AL THRENT S, A4 RIKEREE L7ZCORMAE S AT AZRETHI LT ICOLHHL
FAEER LIRS WAET 2MRE] & [RIETHHRMICCOZ ML) T HMRBITMILTE 5 2 & 253k
L7omild, FMBICEREY, RO E LT, Al & 2]aWE L,

® RxBRMEOMAKKRLZEHEERA LA T Va2 —VERRG D%
VIR = AL O RFEACSOG T, R, EEL, AL E LTEERY La— L2 /ET 5K
JHRELTEZHENTND, 2OV R CHAKEEZHNDZ ENTEIL, HAKEZDO L DO~FEHE
MEZMS5 L, 74— KAy 27 E L CTIEAT AR ZRETE D (X17)

14



[1RF-2101]

5 K R LEER T
ol :: J ety .
NAXHZR CO, (~25%) 196+ IE

Feaft &M O aIREIKR{LICFIA

hE= ) L3y s
e e bid % %
EER, B =T !

B17. KK 2 AR dh & R S

£, Mx0BEBEREMEEZ T WTEHAKERETICBIT 51-77 F 7T b FOKFECRIE &
AtL7z (X18) . LavL. MKFREMETIZE W T, i L& RBAkI35 STEE 2 RS R o7,

H,/COICO;

O 0 (20atm each}l 4, oo cat, O Ho H () Reaction using H,/COICO,
+ or
H " H
1,4-dioxane . .
O H, 50 ° O Reaction using H
(20 atm) 80°C,8h 0 2
1a (0.25 M) 2a
Ph Ph H Br
o S i
Ph Ph\H"O Ph H\N/_ |_\P/Ph PPh; "\N/' _\P/Pr
P Ry Ph: Qpn E “Ru pPh Rh(CO),(acac) PhyP—RH=CI [ “Mi ipr
wi—y -Ru, P’ | “co PhyP . P co
oc” | \ co Ph” | ipr” |
ocC co Ph Pr co
run 1 (TM") run 2 (TM?) run 3 (TM?) run 4 (TM?) run 3 (TM9)

O 18% QO nde Q nd:e O nd QO &%
O %% O % @ 9% O % O 8%

[a] 0.5 mol% of catalyst was used. [5] THF (1 mL) and H,O (2 mL) was used as solvent. [¢] Xantphos (1.5 mol%) was
used as ligand and EtOH (1.2 mL) was used as solvent. [d] 30 mol% NaO'Bu were added.

B18. M KFEZRFAK TICRIT D57 0T & FOKFEICE T 2 E B BEEEZ 2 BEHE R,

ZZT, O~@THB ThHMEICHE LRy EMBEELE D, e RitEEREZ, TOK
B, BT ITBA%E L 72B(2,6-F2-3,5-BroCeH)sy . HIKFE R TICH N T H EEERMICT VT & ROKHE
x4 52 L2 R L (K19) , FFETNE 2 L1T, B(2,6-F2-3,5-BrCeH)s & W 72 KR kX
JRSRIZEBWTIE, EROERMERIZEWCIEFIEL R LW Na S U ERIL Ty
BHEREEHR ) 27, TATE FEBRICKFEILKEZETIELND Z L 2R LT,
TE, MAKRFEREH N, L) RICINA T, AT RMEER A AW ARKSROER T & R
Thb,
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H,/COICO, Industrial cat.
(1/1/1 molar) crude H,
o 10 mol% cat OH “
R’ MTHP, 120 °C R'

OH
oH HO H b
X =Cl 91% H
H o H (%
H Br 96% N = —— Catalyst activity
X 1 94% 4 3 (R=F<<Cl<Br)

88% > 99%

No hydroformylation

No carbonylation . L.
No olefin isomerization

B19. B O F M 235 M L2 RUKE R TSR T 27 v 7T & ROKFERIES

LR TIE, =T U — X — A SRR R MR K FE R A EEVHRIC L » S L
%%*ﬂ*%%ﬁ@bén INEARKIGHE~EA Lz (K20) , TOfE, BEViET7 VT FBLWO
EHEERT LT E ROELLIZBWTY, ZhRAICARBEAKF(LAEIT L, ST 5 7L a—Lnts
bz,

CHy ———————>  H;ICOICO,ICHyH,0
aepurization 7610.2/20/3.2/0.6
eam reforming I .
CO-shift conversion molar ra
4A MS

10 mol% cat.

=]
=
+
(2]
c
Q
)
e
N
Y
[}
=

MTHP
o 80-120 °C, 12-24 h HO H

>99%
MH BrI;[Br /\(\’)XH
Br
FF

B cat.

X20. EEHAKESRMETICBT 527 VT v NOKEKS
PLEDORREIZ., HMAZOEEERIZBIT AP HAMMEZILRKTI2REL L TEETHY ., SHEH,
WCHE B 22 WHUKETE LS OEICEBRT 2 b0 TH D, THICEE L, \HA XM [5]. HF
H55[35,36] & s L7,

H A O ERCR L & BREEBOR %~ O H ik
(1) HFFE R RO ERIRDL

<EROFERARDL> =+ 0 0 00 2. HiEZ LS EH T
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(S AR % G Tk x 7MUKSE D D O TEEE HJtr e/ v Ml Ho AT O3 i5e 77 e & R | 2 SEEL 5 Y

53 F-fl B 0> B % |

EZNERF

EARDERCRL

AT O Fe ik BRI, FEABIZE T D HlP g
KTHD26-VFPr, BLO2-AFLEY D
O il B K FAL BSOS Z UK FE SR FICB W THE
RN EITSIE D HHAR T BB 2R T2
ZEThD, RRFIZ, Yk AHA T RABIZ X,
TR AR T2 KR BALE RS D> 6 O BLAKFE KIS % &
R HEET D ERE 2 59 5,
HAKFEELTE, ORA A~ AHKD AL FH
AN 72 CORCHiZ Y B E T LV A
A, BLOOWBKAEEROCOEZMYBELET L
HAOE G %W BT, kil U7 AKELRIGIC
B 5 AR E RS & E R T S,

B EEEREEZUTICE LD D

A FESEMEICBIT 5 ABILRG]

[F1E1]: 2,6-CAF LY P kFERY) M
B ORAEICIBVT, 200 °C LT
SRR TR #55 TON 100 [F] % 2 A%
22X F LU DKRFBAITBWNT
200 °C DL N @ S 1T T fid 4 [A] #i5 5
TON100 [[] % 52 ik

firhy 5[] 47 A5 FE TOF 50 [B1/FE DL | % 32 R

[BHE2] :

[A#%£3] :
[KRBILERRS D> b O BLARIEEIS]

1. [HAE1~5(Z 3]
I FE IR IS, YPIEIE A LT 722,6-1
FOUR2-AF N P (HATE I 26.2%)
ZRWEBEIZ, 25 0@k SRV, [[IY
Holza o X UL HofiE MR35 & v 9 [/
ZRMH L7z (XM15) .

2. [B#E1~5|ZRH]
R AR D700 HollF S R 4 B A=
AT LS, 20 BT, Y HFR
KM ONT A RERHAT R 2 R Lz,

3. [HiEe6IZEiE]
NA F~ ZABKDOET VHIKHE HACO, (1/5E
JVEE). Ho/COICOL/CHy (% E/VIRE). 18R H
SkDETIVHAKFE HACO (LB EMFI L. +45
WCHRIHATRECTH D Z & & FGE L 72 (K4~6), &
HIZFEX DL TR X5 REOHKENA
HFifficE A e ThH D 2 & 2R LT,

4. [BiE6|ZB9H]
HKFRIZEEFNDI RN OEEBELEE L, &
T LV CRHEDREEZH LN E L2 (X4~6),

5 [BEEADRE]
HMAZEZEEZWIIERHL, WHT T v a— 1%

[B1E4] 1 26-YAF LU T (kFEY) M ) P
BRI EN T 200 °C BUF | BT D SR & S LT (919).
ST TR [E R %L TON 100 [B] % #E Rk .
o o s 6. [HAEADRE]
LY - - A2 3 = N
B T e e | ¢ =i BB 275 9 L 7= SR CORTA ¥
rfé@;@;éﬁg;& TON 100 % 35k - HEFRAEBFE L. HACOINIREA H A 72 & O CORR
- = F~LIEA L (K16),
HAFE DT ZARS DEERE . -
R e N — )L 24F (Science Advances, Journal of the American
& MIAE T 0o, BRAY R L OV RO 12 iR o N 3
Eﬁﬁéﬁh IR A Chemical Society) # & ¢ #&Hift = fa SC6/F. FFarH
FH3M, EEE2AM O F A KT T,
< [BT7TF—=<1]) FERRW> « « =+« -« - 2. HEARZ ERIZREE H T

(S AR % B TokRk % MUK D B O TEHEH I & M om0 jdifee 7 e & R | 2 B34 2 EHT )

53 - fil i o BE % |

V7T —< 1

P T T == 1 OFERRI

ER. 2R EEE L R

ERE. B R
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(2)  WIERCR O E & & BRETBOR S5~ =k

<R B AU T BRI R O A 1 7>

EWHAE DT, AR T FBCEYORKIGNEZ EOICHIE T 5 2 & THAKRET AR OH 2 BHENICH
LB~ TR TE D 2 L 25 - EIELIZOIIARMFIEN S ENIT TH Y RIFZEOIMAINE - Bk ix
BENL o T D, RIS, RBFFRITAERER U RALA WD Dk 5 8BS M - fil i o> 5 e % 568 B0 1 il 48 5
% Z & T, HyCOICO2/CHy4 (1/1~5/1~5/1 E /N E) BAE T AN H . KFEMIBAKFEILDOLYS A 7 LDHT
99.999%LL E D @EMEH RS H LD 2 & & RIS e BRI CTHEAE L7,

Flo, TNETICHRMETARICEBIT HHEMS FORKISFB 2 ARRICRAE L, BMEL X5 &R BT
ZEIETRVN, W RAT, ABFRITHRHET A ZH LT L 0D BB OBRBIC LA P 2R T 2 HE K
AR L T2 D,

EHIE MY TV =R REOKIGHEEHIET 58772 et & R Uiz, BARIZIE, ko 7N
KRCFEICIEH LIZEIE TlidZe < . R FELAWITBIT 5 55 FWNSLAK R I O 8 28 MR B 1T 5k FEAL
FitEHET2E8E R 7 7 7 X —ThdZ 2R L, AR, AU FLEDORHERSE & RIGME
DF T2 BRI Z IR T TR LEZb D TH 5,

<REEBURFE~O R BB 2 R >

AWFEITEE LR L L O L F—HRFHE N TR STV 5 A - BOR (B a v - B
&) ORIUCETDLIEFNEMTH S -

«  HeR T MMSTRE AT LCMBEAIR . Hy BT v E IRHE LR

+ TR X—ZHEBBLB H BT a2 200 ORHISHUE LA = 3L X —Ffa 0 E

+ RN AT ANDG, BRI CO FAEE v TLAMi7ZR He & EFEALAREL D Zh R - 2/
R KB FEBIZ AT 72 BGH O oA R b

FLEMESERZEDTVD [RUA FKE] b, ZOZ AT HARENMRWHAKE TH 2720 K
B AR Y A FKFEDP S OEMEE Ho B & LTSk S 2 RettE b H 5,
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7. BREEREORRIRN
(1) AROMHE
AR O FER %

AT X i 6
A X FRTHET DR FR (A - R4 1) 0
T oMk LRFE (EHL) 3
NEERR (HRFER% - A X) 0
NFsRE (Fa% - HHAL) 23
S FEHE - 3
TER L OFRE - HIFEE 0% - 0
VA IHEADANFE - HESE !
WFFER R & 25 E 10
T OO R RERRE 0

(2) @ELE¥ER

<A X w3 >

o (77—~ 1] ofaEh =

5

Y. Hoshimoto,* M. Sakuraba, T. Kinoshita, M. Ohbo, M. Ratanasak, J. Hasegawa, S. Ogoshi,* “A
boron-transfer mechanism mediating the thermally induced revival of frustrated carbene—borane pairs
from their shelf-stable adducts,” Communications Chemistry, 2021, 4, 137. DOI: 42004-021-00576-1

Y. Yamauchi, Y. Hoshimoto,* T. Kawakita, T. Kinoshita, Y. Uetake, H. Sakurai, S. Ogoshi,* “Room-
Temperature Reversible Chemisorption of Carbon Monoxide on Nickel(0) Complexes,” Journal of the
American Chemical Society, 2022, 144, 8818. DOI: 10.1021/jacs.2c02870

on liquid organic Science

10.1126/sciadv.ade0189

hydrogen carriers,”

T. Hashimoto, T. Asada, S. Ogoshi,* Y. Hoshimoto,* “Main group catalysis for H» purification based
Advances,

2022, 8, eade0189. DOI:
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M. Sakuraba, T. Morishita, T. Hashimoto, S. Ogoshi,* Y. Hoshimoto,* “Remote Back Strain: A Strategy
for Modulating the Reactivity of Triarylboranes,” Synlett, 2023, 34, 2187. DOI: 10.1055/a-2110-5359

M. Sakuraba, S. Ogoshi, Y. Hoshimoto,* “Strategic Use of Crude H, for the Catalytic Reduction of
Carbonyl Compounds,” Tetrahedron Chem, 2024, 9, 100059. DOI: 10.1016/j.tchem.2023.100059

Y. Hisata, T. Washio, S. Takizawa, S. Ogoshi, Y. Hoshimoto,* “In-Silico-Assisted Derivatization of
Triarylboranes for the Catalytic Reductive Functionalization of Amino Acids with H,,” Nature
Communications, 2024, 15, 3708.

<EBT S ECICHET DR FER (N - 22N >

FrICRDET & HE TR0,

< OMES ¥R (kL) >

DES
s

(77—~ 1] OxOMzE L3R (EIHERL)

A Ki, BA B—* <R c R a2 O TR S TSI T 2 A K E AL BSOS —

7 | AN RT A REKBRERAIER T 288 — ) KFEORIE & 2 ok, v, FIFE
ffr (ISBN 978-4-86104-899-9)], %5 3 & 9 i, HINfFH =,

8 BAR Kig, BAR BG—* “HAKFEILOKFELHESHT AV O THIN,” 7 ) —rz=x1¥—
(Bt @t 22), 2023, Vol. 32, No. 4, 54-62.
ART RHL, BAR OH, BN EER, B B MKE L EEIEH L @R BRI E Y O il

9 HIKRFALSOE—BENA T4 FiEZISH Lz H k8 —, R EFHEANER  Vol.6
~ R FEME BRI T T 7 s - Bk - B O Feaiifi~ (ISBN 97-4-86043-893-7 C3043)], # 2
E2H,(R)=X T4 — - TR,

(3) QEE¥EE

<HEEXR (HRPR% - fifts) >

FRIZRLHET S FHIT R,

<HEEER (FR%F - Aaikl) >

g% (V77 —~1] oREER (F2% - HEiig L)
=
10 A B, WH BAR, BA B> Al 5, AR B FH L csERRAs

WD KFACIBKFAL 2t & 3 D KFRER, FE48al i e B L EiTR 2.
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OGS, AR, KT, 2R —* ElEN, EBE&R T ) —hoKFE2ETA LT

L 27 S B ISR T T L LA, S4BT IR T R AL M

12 A KM, WH BX, 2K B—* Al 5, ARy B2 R LcsEREes
MOKFACIMARF L Z G L 3 5 KBERER, FHTIRE KT RS,

13 A, WHEKX, BAE—* LEET, ARV R LM ERH LIRS ERZNTE
WAL ) DRI R K FALBOS DB, B AR S FI102E8FFEE.
M. Sakuraba, Y. Hoshimoto,* Jun-ya Hasegawa, S. Ogoshi, A Boron-Transfer Mechanism Mediating

14 the Thermal-Induced Revival of Frustrated Carbene-Borane Pairs from Their Shelf-Stable Adducts, H
AR HELIEFTES.

15 Y. Yamauchi, Y. Hoshimoto,* S. Ogoshi, Reversible Chemisorption of CO at Room Temperature on
Ni(0) Complexes, HAALF 2y FH102[A FFF 4.

16 (IR ZZ, BEARRS—,* EBE ), Reversible Chemisorption of CO at Room Temperature on Solid-
state Ni(0) Complexes Dispersing into an lonic Liquid, #571A18& {05552

17 (N ZeZE, BARR—,* Ni(0)85 A2 FIH Lo iR IZ 31T 5 COD Al i b 7 W 45 I ts, 5554[R14
BERETOREDFK.

18 Y. Hoshimoto,* PoxIms: Multifunctional Multipurpose Carbenes, MPC Webinar, CDRI Luckow, India.
(Invited Lecture)

19 Y. Hoshimoto,* Metal Complexes Equipped with N-Phosphine Oxide-Substituted Imidazolylidenes
(PoxIms), The International Chemical Congress of Pacific Basin Societies 2021.

o0 | EA B x Poxim & ASB : SRR & 0y OREIE~, 2021 A B R IR A FORTEE O 2. (1K
HHER)
BA B—* 0 FHE7 I AN —va o6l &EIER, B54RIA IR F O E O,

21 esps
(R )

22 AR, WHEXR, EES, BAE—* AEAUEMELFIHLEZGE2RZEUEEHO
KRB FEA 2t & 5 KFERE, Bo1RE R R F RS,

by | AEEIE, B, BAB > PUT U VRO RMBIC LS HEWEA L T RO
fil BERYIE TR T L oAb, HA9EI AR e R R R =

24 BARM—* KR L EEEH T 2 EBEINORIE: 5 RKEFBROKERR~DOISH % B 5
L T, %32 H AMRSHk K&

25

BARG—* 77 A bb—va rOflHl LG, BARIERIHMEZENIIEY R T L (G #3532
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[6] 7 2 2TV v R (BRI
https://youtu.be/6Vhop-Ur2mg

Y. Hoshimoto,* Main-group Catalysis for H, Purification Based on Liquid Organic Hydrogen Carriers,

26 11™ Singapore International Chemistry Conference (SICC-11), Singapore. (Invited Lecture)
Y. Hoshimoto,* “Exploring Ways to Harness N-Heterocyclic Carbenes and Triarylboranes in
27 Organometallic and Synthetic Chemistry”, Organic Chemistry Colloquium, RWTH Aachen University,
Germany. (Invited Lecture)
28 Y. Hoshimoto,* “Exploring Ways to Harness N-Heterocyclic Carbenes and Triarylboranes in
Organometallic and Synthetic Chemistry”, Technische Universitit Berlin, Germany. (Invited Lecture)
Y. Hoshimoto,* “Exploring Ways to Harness N-Heterocyclic Carbenes and Triarylboranes in
29 Organometallic and Synthetic Chemistry”, Anorganisch-Chemische Colloquium, Universitéat
Wirzburg, Germany. (Invited Lecture)
30 Y. Hoshimoto,* “Molecular-Based Approaches for Sustainable H, Production Promoting Waste-to-H;
Strategy”, RESOLV Colloquium, Ruhr University Bochum, Germany. (Invited Lecture)
Y. Hoshimoto,* “Exploring Novel Strategies for Harnessing ‘Molecular Frustration’ in Main-Group-
31 Catalyzed Organic Synthesis”, ACS Science Talk, Webinar. (Invited Lecture)
https://youtu.be/CAP3XZa0FiQ?si=0glc_011TaUJI2J3
32 Y. Hoshimoto,* “A New Strategy for Gas Purification using Ni/PoxIm Complexes or Frustrated Lewis
Pairs”, Asian International Symposium, The 103rd CSJ Annual Meeting, Japan. (Invited Lecture)
Y. Hoshimoto,* “Exploring Ways to Harness N-Heterocyclic Carbenes and Triarylboranes in
33 Organometallic and Synthetic Chemistry”, The 7th ICReDD International Symposium ~The Rising Star
Program~, Hokkaido Univeristy. (Invited Lecture)
(4) il pEME
Rl R " FH R AR HRE
H MR N =1
®5m JEHE R gy DE R ©H R
RUFIEY. BLOENLEZH
- . . % - | 2023
| N A F e, B o Uy | RIR2022-| 2003 T
) Ik o8& 75 5
RUFIEY. BLOENLEZH
. . % A - | 202346
35 | AR KR KA, TR A | A IR2023- ) 2028 F
IR o BGET5 5
>tﬁﬁmé%\$i$%méﬁ@!%%mm3 2023 4
36 | EAK— INITNES W KRFEL, EAEEK R & NS ﬁ%& 10 A 30
JIRENAY S-S H
(5) TER & OFF - Sl REE) O FE i

FriCRoal 4~ & ST R0,
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https://youtu.be/6Vhop-Ur2mg
https://youtu.be/CAP3XZa0FiQ?si=0glc_011TaUJl2J3
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YAAT 4 TEHESDRAE - WEE

dn B O B

(V7 F—~ 1] OAF ¢ 7HE %%

37

LHIE—L X RARTT 4 (KEALER B KR OFEERMER) 2BV T, KIKFERFERE T8
BHS LR 2 KT DR A X SR Thbz (20214512 1 H ~20224E2 A W1 A)), = DEE
I, YFZERCAZ 1 ¥ =7 bk %#100~200 5 FiEE D N DG E ~T v — L L= -
NRAFTHRAEZEOEL BIEARFHIOD
[E#EH N/ SHEHENOER 70X | 2XRT3
EIH s FhiE oM R

KFE (Hy) OHENHEZHELT S H/RCREESN ! |
TATAXy bATRITERALET ! » \

—~rr GRS R4 AT RBERRRBS SREE NS OFRBICIR X £ P TRLEES SR
x WET. COBEDNELTIYRE, - 2BBICT2TREDLPARE ! | fikcb i
ZRARERSEM S oins EBRLELE

38

Chem-Station (20224-12 16 H)
MR 5 3R % 8 TE ) | AN BN b & 4 O K A I K 240 2 Bl L 72 Kk SRk
https://www.chem-station.com/blog/2022/12/ohc.html

39

Azo Materials (20224-10H 27H)
“Simplifying the Processing of Hydrogen for Use as a Fuel”
https://www.azom.com/news.aspx?newsID=60330

40

COSMOS (2022410 30H)
“A neat way to store and purify hydrogen”
https://cosmosmagazine.com/science/hydrogen-storage-borane/

41

MIT Technology Review Japan (2022411 H 8 H)
TR Z2EEER 3 5 KE S & FERE )
https://www.technologyreview.jp/n/2022/11/08/289959/

42

H#% X TECH (20224F11H21H)
PRI ZEDHKFE D B AKRFE 2tk & BT 8, A v RS
https://xtech.nikkei.com/atcl/nxt/column/18/02122/00123/?n_cid=nbpnxt_twbn

43

NEW ENERGY AND FUEL (20224£12H1H)

“Proof Of Concept For New Hydrogen Production And Storage”
https://newenergyandfuel.com/http:/newenergyandfuel/com/2022/12/01/proof-of-concept-for-new-
hydrogen-production-and-storage/
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(7)  WHERRICL2%E

DS . . e
F (77—~ 1] OFIEREIZ L DZE
k5]

44 | AR K, ERHE ER, B B, ABED
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[Abstract]

Molecular hydrogen (H;) is one of the most promising energy carriers for the near future owing
to its high gravimetric energy density and the relatively low environmental impact of its
combustion products. In the mid-term future, a huge amount of H, (>10*? standard cubic feet/year)
is expected to be produced from a wide range of hydrocarbon and renewable resources, including
biomass and wastes, via the purification of crude H,, which is a gaseous mixture of H,, CO, CO,,
and other components. In this process, the removal of such contaminants before H, storage is of
paramount importance to prevent the deactivation of expensive metal-based catalysts that are
commonly used in fuel cells and the chemical industry. However, such purification processes have
a huge impact on the environment and energy consumption (accounting for 10%—-15% of the overall
consumption), which ultimately increases the cost of the produced H;. Therefore, circumventing
these purification processes would be highly desirable.

Against this background, we have recently reported a strategy to separate H, from a
gaseous mixture of H,/CO/CO,/CH, and simultaneously store it in N-heterocyclic compounds acting
as liquid organic hydrogen carriers (LOHCs), which can be applied to produce H, via subsequent
dehydrogenation [Science Advances 2022]. Specifically, a newly designed shelf-stable triarylborane
was demonstrated to catalyze the hydrogenation of N-heteroaromatic compounds in the co-
presence of substantial amounts of CO, CO,, CHy4, and H;0, realizing the simultaneous separation
and storage of H, with a catalyst turnover number of up to 1520, and to promote the subsequent
dehydrogenation for H, recovery. Interestingly, both processes proceed under solvent-free
conditions. The present results demonstrate a proof-of-concept for a LOHC-based H; purification
technology that goes beyond the well-established use of LOHCs in H; storage.

We have also successfully extended this concept for alcohol synthesis via the hydrogenation

26



[1RF-2101]

of carbonyl compounds directly using crude H, and triarylborane catalysts [Tetrahedron Chem
2023]. In our system, even in the co-presence of CO and CO,, carbonyl groups were selectively
hydrogenated without side reactions such as carbonylation, dehalogenation, hydroformylation,
and isomerization of olefins.

We strongly believe that our original concept of the direct utilization of crude H; using less-
toxic main-group catalysts can connect researchers across diverse disciplines to change the
industrial value of crude H; containing substantial amounts of CO, CO,, and CH4, which can be

produced from a variety of carbon resources such as biomass and industrial off-gases.
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