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Progress on the Photocatalytic Organic Hydrogen-Evolution
Coupling/Aromatization Reaction

Chen, Feng Chen, Hao Wu, Qing'an Luo, Shuping™*
(State Key Laboratory Breeding Base of Green Chemistry-Synthesis Technology, College of Chemical Engineering,
Zhejiang University of Technology, Hangzhou 310014)

Abstract The photocatalytic redox reactions have been widely concerned in organic chemistry due to their green, efficiency
and safety. In this review, the cross-coupling/aromatization reactions are described based on photocatalytic organic hydrogen-
evolution, which can be used to build organic carbon-carbon and carbon-heteroatom bonds by using a photocatalyst/catalyst
dual catalytic system. Hydrogen is the only by-product in these reactions. The system and catalytic mechanisms of organic

photocatalytic redox reaction are highlighted.

Keywords photocatalysis; organic hydrogen-evolution reaction; coupling reaction; aromatization reaction
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Scheme 4 (A) Photocatalytic hydrogen-evolution coupling with
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Scheme 7 Reaction mechanism of the dual catalytic system
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Scheme 8 Activation of a-sp° carbon of ethers with oxidants
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Scheme 10 Preparation of a-aminophosphonates by photocatalytic hydrogen-evolution coupling reaction
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Scheme 11 Photocatalytic hydrogen-evolution coupling reaction of electron-rich aromatic hydrocarbons and styrenes/phenylacetylenes

Chin. J. Org. Chem. 2020, 40, 339~350

© 2020 Chinese Chemical Society & SIOC, CAS

343

http://sioc-journal.cn/



BIKE

IHIERIRYINTC LS 5 . WU R, M Tk
LIGIRY), SR T HRIRYER S R LET, FEE
T 05 FR R 1 e W R A R A 7R R A A BROPH
H 3 (A& (Scheme 11C). % B 44l i #EBOE 245
1T Jes J B R S T 25 0 A e L ER S A 1% ) ki
IERE PR TR T H AR R4,

[F4F, 2 SO S IRE T 6 0L AR i &R S
LT 7% 7 0 W B e 0 RN 206 407 A2 4 1 e Ak A
(420 A R 3,4- S TR RAT A IR I L. 1207 30
AT A DA g DX 3 B b A A o ok dde 428 1k B i — AR B 3.4-
SR (Scheme 12). 138 B | B R AR A T B (1)
eyl e R R = W B Y TR N B Ve By 231 5 WS = a3
N R IZJ AR 22 0] DAHET 22K G AT A AV
THE B R BUR I 75 B Ak & i S i),

R4 R2 Arc* -Mes CIO; (3 mol%)
Co(dmgH PFg (8 mol%
N NH - 5)\/R3 (dmg )2PY20 6 ( 0)
I//, R 50 mg 4A M.S.
» 18 19 DCE/HPLF, blue LED, 24 h
R2
via: ot p3
AR
R*
L)
// R3 + H2
R! & YR?
R5
20
20 examples
40% to 77% yield

B 12 GRS B 3,4- 5 5 e

Scheme 12 Photocatalytic hydrogen cross-coupling synthesis of
3,4-dihydroisoquinolines

BRI T ZAFAET RAY) . & Beb AR A T fe
MR, I 90% B 2517y 1 B i R BRI 45
WL Tl EHl s & BB, ok, 75 Km0
EPE ST RERER, 15 N, P&
AT RR2E ) 77 2 4 X L AT B AL S IR 2 40 T A L
B BT ST SR WYL — 2 N R T R TT
(Ar—H)5MEE. PR, HAER NH; 958 AEBA K
C-N WaMHIHERA + o EERATHME.

2016 4, SEU BRI AL T 1 AT LG 4 AL 7 A
F LRI &, 82 SAE IR 2>300 nm O %
PET R R — B A A, BAME ATt e
7l(Scheme 13), 7EffE5MF T RIZICRIE 36%. HFFTK
AEAZ I AT T 1 2 I BUROR R ), VR
XS T s H AR ol B AR BE B R R s R A R
PR FEL B 1] 1288 e AT 4] B 2 AR 1 — 2B AT
b, A R IZ SRR Z2 0] DLk — 4 f 32K 57K
B R ORI B OB, R R 90%. & LT

344 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

BRI EE S 5 VAT B BACER, FIFER, 25
HBUCHI B It A2 A . T oA SRR A7 2
55, S AZ SRR s B2 36 T S8 A RS (1 SR A F) A5 )

HH.
[:::T,NFQ+ y

36% yield

QuH (10 mol%)

H Co(OAc), (10 mol%)
+ NH3
dmgH, (5 mol%)
BF3-Et,0 (5 mol%)

CH3CN, Ar, 2> 300 nm
QuUCN* (10 mol%)

1 Co(dmgBF2)2(CHsCN), (3 mol%) -~ xpOH
| | +H0 | + Hz?

X CHSCN, Ar, 4> 300 nm A

R R
22
H
via: [O/
R

o+ 9 examples
34% to 90% yield

B 13 IR B B A BRI A T
Scheme 13 Direct photocatalytic hydrogen-evolution coupling
of benzenes to anilines/phenols

77 MR AR AR S B AL SV, ROk
AR AE ) 245 U B A R R A, AR AN SN B
il FH 1] 557 K2 (Ar—H) 5 SR AL & MR IR TE Bk 2 I 22 5F
7 VER. 2017 47, 9 SCURRA Y e dh e AL
SR R B 5 AR R 25, OSEIL T & BT 7 R
TAMA Csp)—H Btk MEIBEPHRTTIRTS 99%,
HIFIEM sp-RREEAS 32 50 (Scheme 14). %5 AT AE TG
AT SN G e M7 SR 5 ). WL SR
B, 2 St a5 A BT e FH T B (A AT
i, AR AR BH S 5 R R LB ke T A )
PP,

H Acr*-Mes CIO; (7 mol%)
- N Co(dmgH),Cl, (4 mol%) N
\7 " _ ot
/
23 24

21

CHaCN, blue LED,N,
EDG

GDE 25
25 examples
41% - 90% yield

BRK 14 OLHEABBORE & ROT MR EY
Scheme 14 Photocatalytic hydrogen-evolution coupling syn-
thesis of aryl azoles

DK A - bt g B L AR 5 XU 5~6 JTARI A5 H,
FELI gl )iz B A O, 2 SO A P f
FIWYIE $hC AT AN S 5 AL I RO XU AL I &R, SEBL T
X IR A 24k AN 1) L 32 0 IX Sk 64 ' BE AL (Scheme 15).
— R SIS T A ) AT IOK A - b I TR ) S R AE 12 S VLA
R U SRR R Y. FR, 2RI [d]-DKEIF[2,1-5]
W A JER A7) th RT DA LA SR A B H B . 2 RN,
PO e AR AT DL b S A R 2 PR A2 BB S 1

Chin. J. Org. Chem. 2020, 40, 339~350



Chinese Journal of Organic Chemistry

REVIEW

Arc* -Mes CIO} (5 mol%)
Co(dmgH)(dmgH,) - Cl, (5 mol%) R

N .
~7 3.0 mL DCE, blue LEDs, 24 h D
, ) \ |

28
22 examples

o+
=N
m{/\r’\l%—@} 43% ~ 99% yileds
NS
H

S—=
_ H Arc* -Mes CIO; (5 mol%) S \,\\l/ ) Ph
R I =N N Co(dmgH)dmgHy)-Cl, (5 mol%)  {/ Y |
XN N\)\ + | N R7E -N + {H,
= Npn 5.0 mL DCE, blue LEDs, 24 h N\
29 31
30 5 examples

56% ~77% yileds

B 15 DGRBS RS R BRI I e
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Scheme 16 Preparation of rutheniums by photocatalytic hydro-
gen-evolution coupling reaction
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X S (8 mol%) XS
| | )—R'
/F NJ\R1 sodium-Gly (1.0 equiv.) /N * Hzf
R? s 10 mol% TABOH ~ R® 37
(1 mol/L in MeOH) 25 examples
CH3CN, blue LED 55% ~ 99% vyield
PP
via:
YN
RZ

Ru(bpy)s(PFg)2 (3 mol%)

o(dmgH),(4-NMe,Py)ClI
(8 mol%)
sodium-Gly (1.0 equiv.)
O, CH3CN, blue LED
>99% yleld

37a
>99% yield

B 19 oA RIS R R BB IS4

Scheme 19 Photocatalytic hydrogen-evolution coupling syn-
thesis of sulfides
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P i 5 fie 25 # R VF 2 B AR DS TR R R AR PR RN
YRR AL G i DL IR A PR 2R R 4y, TR e DA ] B
7 15 BGORT I 5 A st Tk e &5 A (R A & P o A
281 2016 4F, P ORI HRIE T — R e AN
26T T AT WG By-ANEMIR &Y 38
RS TC exo-By-ANHI AR 39 1Tk, AT A A FR AR
Wy B ) N e A ) 2R I PN R R R A S .
Tl By- AN AN A #E v] LA AR U it 52 (Scheme
20).

Ts . 0, (|3|
. Ru(bPy)sCl-6H,0 (2 mol%)  O<l
HN<\ Co(dmgH);pyCl (8 mol%) N |
o | K,CO5 (1.5 equiv.), Ar +{ He
R2” VR2 blue LED, CH;CN  R! R?
38 rt, 24~48h R*™ 39
20 examples
34% to 77% yield

B 20 5 T exo-f,- MEMERLE W& K
Scheme 20 Synthesis of 5-element exo-f,y-unsaturated ruthe-
niums

MUERRIE T, 12 B2 B AT WOB i S N [ Hi 2
51 R I C—N/C—C B % Bi(Scheme 21). J
AR U N-F R (AR B EESE 2 E RN
B AR T HER D, R D FRERE S Co(IN)f
BRI 25 A2, A H bR,

TS Ts &
HN
) o — Y-
R1J>(\ R#\(x R" ,R
R
R2 R2 R2 R2 c
38 B 00
base \S”
N-N
'/
SET 1
Ru(lly* Ru(l) R
RZ RZ
Co(ll)
SET SET
i 0.9

B 21 XU S R ALEE
Scheme 21 Reaction mechanism of the dual catalytic system
2018 4, A=V THGE 7@ W Wk AL
SEALIE A (4- FHE DR T Z () N—H SRR T B
fieck B dr 2k, F 6 O AR SR 2 07 R AL Y
[ Bi(Scheme 22). MLERHFTERI, 125 M f L 52 5
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REVIEW

13 51 R Ik C—N/C—C I

O Ar(TMS)
O NH + |‘|
Ar

40 41

Arc*-Mes ClO, (10 mol%)
Co(dmgH),(4CO-NMe,py)CI (10 mol%)

DCM, r.t.
Blue LED,12 h

oN + HzT
O Z SArTMS)

Ar

via: N 42
18 examples

46% ~ 90% yield

B 22 FEmERk LA 2 55 ke S & AR
Scheme 22 Synthesis of isoquinolines and related polyaromatic
compounds

4 FHHBERN

W IZAAE T SR E Y, HaTHTRERRA
PR RN 2T A A R0 R e I A i ST A AR
TOFNEE I 5] NAL BB RIGEERE. &G A R 7
B 4B AL, 10 Bergman" Al Graham!"#JF & 1 #
FARAN HBC & P 8 Ak I e C—H B )44 2 (Scheme 23A).
TR VNl A 22t W] DALE i v PRI B2 T AT SR 1
(RHHe, B IXMEAL F5 ZA0 At B 1 S ), TR AR
YA LA R 405 &R AR T R T
(Scheme 23B).

A: Organometallic dehydrogenation
H

H{ -, Oxidaton L, _  Mhydrde .-~ H
Lolr + j e —— TN T ” Lo+ Ly
.__." addition , Elimination - H
H h
,H hvorA L
r
L,,Ir\H Reductive elimination " Hz

B: Enzymatic desaturation

Ho - Slow HAT H,
(] + j V> 0 + .
Fe g High BDE_ [ Fel H -
Slow HAT H H
e A
ngh BDEc_H “':el Lo

Reoxidation 9

IFel + Ox I Fel

Bl 23 HANGE R (A A S
Scheme 23 Catalytic dehydrogenation strategy for saturated
alkanes
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2015 4E, Sorensen M F U T 34+ BRI
(TBADT) A4k 5 AL B AL IR £, IT K AN LR

JETISEIL T — 2R B o A 2R T 0 A0 It SIS TR D ) G 32 A
A, RRAPHRIER bk ik A o2 A — A
¥ .

2017 4F, ZEPER AU SRIE T LA Ru YA 7 A4S
Jia AL R DU AL A SRABE AL N-Z2 IR0 A P10 T 32 44
F5 KA A SN (Scheme 24). 7E {0 LED 5T T, UR
i A IE 99%, 1207 15 ELA 1

R2 H Ru(bpy)3Cl, - 6H,0 (1.0 mol%)
l\\ \ Co(dmgH),pyCl (2.0 mol%)
/ N) EtOH, blue LED, 6 ~24 h
H Y=CR,N

43 R?
S lw f
N A ta
N
44
25 examples

9% ~ 99% yield

Ru(bpy)3CI2 6H,0 (1.0 mol%)
Co(dmgH),pyCl (2.0 mol%)

@E/
EtOH, blue LED, 24 h
Y =CHR, S

Y, R
I/ ) -
R 46 R6

15 examples
82% ~ 95% vyield

BX 24 NI EMHDCRENTCZARTT TR SN
Scheme 24  Photocatalytic non-receptor hydrogen-evolution
aromatization reaction of N-heterocyclic compounds

WLERRF FUR B, 5 R s B LR 8480 T2
AR AR N, o = A R PR R R S R T
JER A2 B TR0 AR AT A A TR R T 2R A2 . AN TR,
Co(IN ¥ KPR A AT RE /1L N-Z2 b &5
5. RIRTEX L, N FEEET Ru(bpy) ™ HIAILEE K
AR AT T AEAR DB R R WL I8 S KA. N-
LAY ATE S Rubpy) ) HHTH T HEBIMNIG L
(Scheme 25).

Balaraman 25Ul IR SR B, K IR G5 AU
R AR RECNAK IR R G, N-ZM b & RE LR
UF SR AR B 5 M=), IR 5 A S FP N-Z-38 05 )&
LInEE R, PR, Y ARG AT AR AR A TR gk (A ER
PRI SR % (Scheme 26).

2017 4, Kojima S & 7 —Fa] F T N-Z43 1k
HEYFIENZE R L Z AR S IR G AR R, s
FARY g SR AT RN % 4208 Pd AR AL XU A A &R,
AT LA N-Z8IME IS5 M. R R mA
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SET

Ru(lll)
SET

Co(illy Ru(lly’

H' ol —H

u(liny
Co(
e |||* )
Ru(ll
\/ CO(') CO(|||)— ”;J( y
H+

||)

Co(I) o

B 25 N-ZL PRGN TT TR R

Scheme 25 Photocatalytic hydrogen-evolution aromatization mechanism of N-heterocyclic compounds

Ru(bpy)sCl, (1.0 mol%)
RIS ) g2 Co(dmgH),(4-COMePy)Br (2.5 mol%)
A

Z N Water, r.t., Ar
H 12 h, blue LED
47
10 NS 2 T
R A 2R T 2
N
48
10 examples

37% ~ 96% yield
Ru(bpy)sCl, (1.0 mol%)
Co(dmgH),(4-CO,MePy)Br (2.5 mol%)

Water, r.t., Ar
12 h, blue LED

@o

Z N
50 H
8 examples
58% ~ 94% yield
B 26 2K R N-ZH AL S EA TE 52 R 95 A A
L
Scheme 26 Photocatalytic non-receptor hydrogen-evolution
aromatization reaction of N-heterocyclic compounds in water
#%%Em KSbF J&, 1-7K3 U7 mEmh(51) AT AFE et
JE2AF T BAiR i 96% IR A5 255 # AL 7 H)(Scheme
27A) AR WA DN T 2,3- S WA AR D5
GAINE
FEZSN B, OGRS AL B B 2 v 8] A
A e I M SR A a1 e R
) A (M), 2 v T A R A ) R A L A R,
B 5 2 PR TR B8 BR UV AR K 7= ). & 1)
RIS FIR IR A B F4 7* P)(Scheme 27B).
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A Pd(BF4) -4MeCN (2.5 mol%)
RZ  Acr*-Mes CIO; (5 mol%)
KSbF6 (25 mol%)

R1
NH
» CH,Cl, (0.125 mollL), r.t.

51 430 nm LED, 21 h

R2
R! N
oo™
R 7
5 examples
41% to 96% yields

Ph Ph
+e .
NH ——» N, HY
MH+1
Arc—Mes

Arc-Mes Ph H M™H H+

Mm” Ph
Nf\‘
~N

BX 27 NPT T MRS B S R
i

Scheme 27 Photocatalytic hydrogen-evolution aromatization
reaction of N-heterocyclic compounds and reaction mechanism

Aok 1) S5 AR FR epoin N AR Tt IV Jie A LA £k

©\%)NH

51

Arc-Mes*"
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FITE R = eI A AR R, Z A Z AT DL U A
WZEMI A R, f = R AT A 82% (Scheme 28). HLEE
W R, IOANRIBREE 55 (RSH) AT LL 530K BG4 57
KA TR RS (SET) L A2 2E A i3 RSS, PUAL
250 5% A B EERS) BT H B EE. B, R
A T 5 Pd SRR, %R AR, 2% NN}
AR AR 2, B0 R ENE ).

R Pd(BF,)-4MeCN (2.5 mol%) R!

Acr*-Mes CIO; (5 mol%)
55 (5 mol%) O
+ HzT
Ve

R2  CH2CI>(0.125 mol/L), r.t.
430 nm LED

53R 54 R?
54a: R'=R?=R®=H, 56% yield
54b: R' = Me, R? = R® = H, 82% vyield
OO NT 54c: R' = Ph, R2 = R® = H, 59% yield
Oy 54d: R' = Cl, R?= R® = H, 70% yield

P
N 54e: R' = COMe, R2 = R3=H, 46% vyield
54f: R' = COOMe, R2 = R® = H, 59% yield

SO
54g: R = CONHBuU, R? = R® = H, 64% yield

55 54h: R' =H, RZ = Me, R® = H, 55% vyield
54i: R'=R"=R2=H, R® = Me, 52% yield

BK 28 PUEAZE DB AT A SR

Bz 28 Photocatalytic hydrogen-evolution aromatization of
tetrahydronaphthalenes

A3 422, Kojima SNEM M — BRI,
K BRI R ORI WE RO HEALR] . NI AL 7RI AN AR AR
BERRA HLHEAL A = otk R, tREsEIl P& 28
BREHE IO, &R OB RN,
XAEARIE AT T WOGIR AN A T R AR BT m A b e
KIEZARM A TT AL S — M7

5 REMRE

LA AT L e N G AL AR IR/ 55 M AL TR X
TG N, W LASEIL— BRI s B R
IE REALSNE. TIPS B 26 AHIR AT, AN ZE I
ez BRI i, B s, MRk %
EEERS, OG- ThRMRR AL ORI
. BORH ANZ A ORISR — LR IR, e DL
WS f ik sos B, & s U E Rz R,
XMF R T UL RIR W, % I BT R T Wt
TR BL. PR BIRAAE, (Ho2 i Tzt s A ah
REIEANTEE ), S G RIS AR S RE 15 B HE— P i
Wersh e, BEM T 2 AL N, TEH T2 AR
A,
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