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Recent Progress in Light-Driven Direct Dehydroxylation and
Derivation of Alcohols
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Yan, Boyu* Yao, Qiuli***

Abstract Conventional methods for the reduction of alcohols mainly deal with the indirect cleavages of Csp;3—O bond in-
volving tedious activated steps. In contrast, the more straightforward direct reduction of naturally abundant aliphatic alcohols
to alkanes or other reductive derivatives poses a challenge to organic chemists due to the inherently stable and less reactive
Csps—O bond. The development of direct reductive strategies induced by light is of utmost importance due to their atom
economy, step economy and redox economy, and many progresses have been made in this area these years. However, very few
reviews on this topic has been reported so far. Herein, the recent progress in the light-driven direct deoxygenation of alcohols
with emphasis on important advances last ten years is reviewed, which is expected to further promote the vigorous develop-

ment of this field.
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C—O BEMIZAR RN, 2020 AL SR XL T C—S
BRAEME C—C BN EBHAT T 2587, (BEHE
T FEE Cop—O BRI — 0 2R IE S5 BT A A SN IR £k
8D, R, AR GEIR T AR R AZ AR R AT 78 33 R AT
gl R (R R R A TR A LA B 256 R
.

1 AFSENERRETRRN

T DL BB I Con—O BEHEIT 24, Rtk an
TRAE— AR 8 Hp S LA 3 A D i A 1 A 2
W Cop—pite, FE—PTREIE)E, ekl —5
FIE R AR EEY), ekt fft g 2 D s %
BERAE. 2% T 2013 444 Stephenson PR EZH Bl@ i i
I RGN T 1080 2°BE I —BA M AR S, 1% B ]
PAAE SR AN B 264 B 34T, 25V B /E PPhs/Ly/imi-
dazole Z5PF T NEHML, J5 4 478 T OB U T~
H fac-Ir(ppy)s AL AT —BA ML J5 fe B2, Tk 28 R
B Me. fEMENG . 4A0E BOR IR SRR TR 2R R IAZ

52 (Scheme 1a).

(a) Photoinduced one-pot flow deoxygenation

PPh3 (1.2 ~ 2.5 equiv.)
I, (1.2 ~ 2.5 equiv.)
imidazole (1.2 ~ 5.0 equiv.)
MeCN (5.0 ~ 7.0 mL)
1°,2° R—OH R—H
then fac-Ir(ppy)s (0.25 ~ 0.50 mol%)
i-PrNEt (10 ~ 15 equiv.) 67% ~ 88%
MeOH (0.2-0.5 mL) 10 examples
flow LED (royal blue,
Amax = 447.5 nm), 18 ~ 38 min

(b) Photoinduced deoxygenation of a-hydroxyketones

o) hv (400 W X 2, 350 nm) 0

R DMSO R
R - R
OH KPPh, (1 equiv.) H
1 2
45% ~ 97%
4 examples

Scheme 1 G175 Sl 0 — i U S
Scheme 1 Photoinduced one-pot deoxygenation of alcohols

[ 4, Santiago PRAIAHPHRIE | —M7EE LIS
FIX -l RN £ R SR % AR
6T R T 5 R TR RS SN R
AR AR A O - BRRE 9B RAEY), Tk
A2 500 (Scheme 1b).

2015 4, Barriault BRAZHITOHRIE THEE/E LA
B EIRA, X JESEE[Auy(dppm),]Cl, AL T FYIE SR
S i(Scheme 2). 1% F L CBry AFIRIE, tHBEAE 9T
AR e i B 2, TR R B, BTz i
WM. 1EHER—HIZR N AL CBry fEIEHR M N RCE R
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[Auy(dppm),]Cl,
CBry (1 equiv.) [ PR ] (5.0 mol%) ~
R™ "OHyya @65 nm) LR Br] UVA (365 nm) 50% ~ 94%
DMF 50% ~ 98% DIPEA (10 equiv.)

Ar 2~3h 1" examples
025~1.0t% m !
8 exa ples -Pro

o . _ O, or CBry
O,, or CBrzand Br SET

\N/ NE o

P N
| R” OH |
Br3C\O)\H

C
SO\ °

BT
. R——R H or cycloaddition product
[Auz(dppm)o]?* D

hv K [Aus(dppm),I**

[AU2(dppm)3]i*’//\ RN

+

R3N
————————————————————————————————— Selected examples --------------------o-
n‘C17H35-H

H
98%  CbzHN_~_H A% Z;[OOAC ﬁN/TS
cO

n-C1 7 H 35-H A
049% 80% 70% 84%

(Ph),P” P(Ph),
dppm

B2 6 A S T i U B
Scheme 2 Photocatalytic deoxygenation of alcohols via gold
catalyst

YH R, JF5 NN-ZF R B (DMF) v A % E B
Bk A, % EAIRZS S CBra B O LA AIE
BrhaR By JE#E S0 AR AR B R A i IE B
[k C, C T 5IRMAE AT R IE SR
R—Br. [Aux(dppm).]* B AWM R B S IE, H
# R—Br il B 7R R A ALK, ML
[Aux(dppm)]® " K ki H 3L D, 11 # 8 )5 AV
A, J5# WH A i-PrOH 1153 H #4038 J5 77 %) R—H,
B Y A LRI R AR IR OB AR R R T BN TG
W),

W I LT RAR = s KAk &b, K H
Cop—O H8 ELEIE SR AT A A - K. 2017 4F Saito
WA DR IE TR A AT L6 R B PACly(CH3-
CN), FE 1 TiO: VE AT 1) S At T 0 T e e i A7 ik
PR IR R R BN, W5 CHOH RIFEME
M B RR R SRR R ThRe. BeAb, i i B S
MFERRI R, C=C. KBy B, SO07%E. R B
AL S5 R R AREAR AT MY 32, 1ZoRmg Re il — P I
BLACEY) 6 AU N(S)-(+)-FEARBEL(T), AFeAE s
M <e @ K7, WA EZ AL G R OR3P 2% OR3P 0 3R
(Scheme 3), JFH M= MLL E AT, REEEH
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P AL S ERE T — Ry R 5.

R
R)ﬁ/\OH R
R" hv (300 W Xe lamp, 1> 365 nm) .
3 TsOH -H,0 (0.5 mol%) R H
or Pd'-loaded TiO, (7.5 mg/mmol) ':"
OH CH30H, Ar, 25°C,2~36 h 0 ~ 93%
~ (o]
RR' 14 examples
R
4

Photocatalytic transfer hydrogenolysis of 6 to (S)-(+)-lavandulol (7)

HO
! iti " H\)\/\/\
\_<\_\_\ standard condition X : OH
36h PN

=‘\ OH
6 (2 mmol)
BX3 6iF MmN SR IE R

Photocatalytic transfer hydrogenolysis of allylic

7 56% (42% isolated)

Scheme 3
alcohols

2018 4 Doyle PRI I2HE [ Ir AT R EER) i
F2HE IR JF N (Scheme 4). 1% N & PPhs # b Tk
A0 IeENFIENE S =R S TG HS
R LT B A0 B B AR, S s -2 T
RN AR B, 4kl Run H R PR (H atom
transfer, HAT)A= 5 RAL &4, A, s 842 MV 4%
1, FRIER ISR Z AR F 0 BEARE J AAH JBL F J

[Ir(dFMeppy).dtbbpy]PFg (2 mol%)
PPh; (1.2 equiv.)

N N
i OH T (p-OMeCegHa)2S, (10 mol%) Ar . H
2,4,6-collidine (1.0 equiv.) 30% ~ 97%
toluene, r.t.,, 24 h 16 examples

34 W bue LEDs

[Ir3+ SAF HSAr 0
e \/

Photoredox SET HAT cycle HAT

cycle
2,,/ \'—Ar (0]
113+ [Ire7] I
(] PPh,
SAr ﬁ-scission]/

\SET/
+ 8 Ph— P’Oj
PP PPhs H* P b, A

B4 Ir AN R L R

Scheme 4 Reduction of benzylic alcohols via Ir catalyst
RT3 BT T A e 2R AL P I8 i 22 05 < R 1
WHINZ 5, (H R HI AT BEAAAE RN AR v
E LA B 4 JaR 5k B 48 1] L. 2020 AR 2R A ZE AR A I RAE T
T EIES 5T BRI R 5K E AL R SN
(Scheme 5). 1ZJ7iEX; 1°1 . 201 DA AR I HA R AT
U e AR AR . ML SR, FEGRI et
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N2H4'H20 (4 ~8 eqUiV.)

or Me,S (2 equiv.) H
OH HO OH hv (254 nm) A )\R
- r
Ar)\R or Ar & A KOH (2 ~ 4 equiv.) 12
DMSO 0~96%
10 1 air, r.t., 18 ~36 h 45 examples
H,0 + Hy + N, O, R, R'=H, alkyl, aryl

Ar, Ar' = alkyl, OH, O-alkyl,
or Br substituted aromatic
NoH,4 or heteroaromatic ring
\ /§\

2 Q\O
10 -+ KOH
H,O O

12‘—AI'

MeO OH OH OH HO oH
OMe (0)
MezN NM92

89% 89% 76% 61%

B 5 tiFe. LR8BS NIRRT AL R
Scheme 5 Light-driven metal-free direct deoxygenation of ben-
zyl alcohols
2 (DMSO) 5 ik e B TR A A= s — R Tk
[FJ B BRI Now Hp 1 HoO. — FREIR K 5 UK 5 1 O,
FEAE, FRESAAAE N SEER, 4k RARREI O)-
DMSO Jefig 5 1 IaA, Ja 5 MoK Sl s i 145 21
P12, BT IR IT, A T PR KA
I, EREAL M RENRAIEEAT. BEAL, Q8 RE LR RIRAK
JFERH p-1 F p-O-4 BRI EIIEIZ IR MR R T MEEAE
Cop—O L C—CHRERIMIE, LArh &S 77 & ™
V. 2R RS T4 RN R, TR T
B (fn CFsy F A CN)HUR IR S R PERR AR, FF FLIR
Vb RS 2 AR C—O BRZLAR AR U R P ).

RN BRI SEHL 1 R R R R IE R, AR AR
Fr KRB AL R BN A YRR s AR 4t 1A
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2 AFSENERRERERLEN
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TN RANFEIER L [V (Scheme 6). Br T 1°. 2° & A
AR 3R BEAN, FRRJE R AT LUK AE Cgn—0 B
MRRRAR B, BT T2 0 F WA s 55 28354 .
s FRELIBI A K. %R REL T T T kKL
i RBEAERET N 1 R LR B, EALFI(PC,
ADPAIPN) #6155 S E AL BIOR &S, Fidl = RN & O %
(DIPEA) I Ji ¥ K A6 N 1708 - B B & R a4k (PC ),
JEFEMME E KAFRBEFHESET) X Cyp—0 R
filt SN, MTTAE R 36 H I F. F 4845850 SET 8 )i
RNFREBAE T G, G FHBEL B CO, Lit—5 )
JRF AR N AR R TR (14). 1E & I NTE A BRET 1 Il
NEEA CO, FIFEBRIIAZAE T AE IR ER 2L, JH28 DI 23Ul
R T AL

Ac,0 (2.0 equiv.)
OH 4DPAIPN (2 mol%)

)V + CO, Cs,CO3 (4.0 equiv.) COOH
Ar RR

DIPEA (4.0 equiv.), DMF Ar R’

13 (101KP3) 50 Whlue LEDs, rt, 48 h s
NPhy 28% ~ 98%
55 examples
NC CN
Ph,N NPh,
NPh,
PC, 4DPAIPN

Photocatalyst

* cycle
DIPEA

Photocatalyst

cycle
%”— P
CO
OA 2
ppEA’  PC or CO2

+
ACZO OAC thenH
bas E
A" OH A" > COOH
co,
base Ar” OCOO

30%, Ibuprofen 50%, Naproxen 60% FIurb|profen

BX 6 HFEFLEERSE T FEIKRILRKL

Scheme 6 Light-driven metal-free direct carboxylation of ben-
zyl alcohols

HUbFER, 2a4ERBAPHIRE 1 h Rz
ERCNIERIRITTE. AT T, )8 It ZEaW
SR MERT A MR e ARG A B RS, PR DU 0
TBR BN AL Jy —ORAE 1 3, e 5 R T A SRR AT
i BCRIERE(15) ) Copr—O BEONREE B 13, IR
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TORERDI R (Pho.BOH); Ak H H R JF 2RI JF R 2
BT COy KB, Hib N5 CRBNEY)
(Scheme 7). fEiZfK R, £ 73 (quinuclidine){F T fE
g 5 RN ER A e S A D, U\Tfﬁﬁﬂ?ﬂ%ﬁﬁ%¥
TR A, $EmR AR N ). ANz E AN E T
e AL .

Ir[dF(CF 3)ppylo(dtbbpy)PFg (3 mol%)

or 4-DPAIPN (7.5 mol%)

quinuclidine (1.0 equiv.)

1
) NaBPh, (2.0 ~ 4.0 equiv), DMF  AT'g2 R
(101 kPa) pjye LEDs (60 ~ 120 W), 40 h

COOMe

15 16
then 2 mol/L HC|, TMSCHNz 31% ~ 90%
@ 28 examples
N
quinuclidine
ffffffffffffffffffffffff Key mechanism step --------------ooooooooooe
NaBPh, —PC. pp g ph,B 15 A T . _Ph
hv \V RZ%’O“”B\
Ph-Ph R Ph
Ph,BOH \{
TMSCHN, COCH +  CO, - 4\ ;
16 Ar 2R1 I <—Ar/R/2\R1<_ArR2R
———————————————————————————— Selected examples ----------------ooooeoeooe-
COOMe
COOMe COOMe
W
NC MeO
82% 31%, Naproxen 6% Flurb|profen

B 7 B SRR R
Scheme 7 Carboxylation of benzylic alcohols via boryl radical

UG RN, R PR A ORI T A LG
B AL RO AL T e PO T R T (17, 18) IR S
JS2, B DA A5 B 7 38 S ARG 6 1 b ) 26 e 1 ) (B)- ) 2R
RILEE(19, Scheme 8). {H1S4E H 12, BIE BN EEAE
NIEY, THIRAE BB BRI R BR AT A4, T Hantzsch
HiE A AR JF R A .

IR TT VR W AR TR B B R A S R R
BT E B R, et 1 MOIAE ST R AN R
TEVER R R B IR REAL, MR T RO
A 2 DM B AR TE A RE S 1) B R A, ST R BE U I 4%
k.

3 ABSENEEREEARRN

BT R R 22, U2 A ILE R H
PRI AR IRIAA, X E RS A K AR I BEREAT b
T“Ezjcﬁﬁmiﬁ%ﬁﬁxi’ﬂﬂﬁﬂﬁﬁ%ﬁﬁxﬂlﬁﬁﬁéﬁz
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4CzIPN (1 mol%)

N
R™"0H Ni(OTf), (10 mol%)
17 Hantzsch ester (1.5 equiv.) COOMe
or + CO, LiOAc (3.0 equiv.), DMSO, r.t.
OH (101 kPa) blue LEDs, 18 h =
> then 2 mol/L, TMSCHN, R 19
R z 5% ~ 66%
18 25 examples
Neocuproine
(20 mol%)
——————————————————————————— Selected examples ----------------oooooooos
COOMe

Ph-"C0o0Me HO W

4

10% 47%
OH B
Bn « " " coome
N 47%
IIb > 20:1
EIZ 15:1

B 8 Sl J5 7 AR WUE (AL I P 1 BRI
L\L

Scheme 8 Direct carboxylation of allylic alcohols by photore-
dox/nickel dual catalysis

FL7E 2011 4, Stephenson &I 7F] F Ru(bpy);Cla
PENMEAL T ERDCHOR T SEIL T 100 298 (20) sk
P R B 2 B2 (Scheme 9). iZAK & PLBRAL AN R,
AL ANVE R IR, SRR, RS, ERPEER
U, 7 BB ReAN 2 1 R A, A Bk . XU
B, TR BREE. MR BESEA 2R, 2 AL T
AE/E Ru MEALTIFEIGIMAK TS CBra 5 DMF JEK
Vilsmeier- Haack iRF, #3570 &A= x4 S B

Ru(bpy)sCls (1.0 mol%)

CBr4 (2.0 equiv.) or CHI3 (2.0 equiv.) X
OH NaBr (2.0 equiv.) or Nal (2.0 equiv.) )\
R™OR DMF, blue LEDs, 25~ 30 °C,5~15h R
21
20 \’*\'l/ X =Br, |,65% ~ 98%
via J\ 20 examples
H™ X

Vilsmeier-Haack reagent
——————————————————————————————— Selected examples -----------oocooeoeoee

o) |
/T y R
BnO Br AN~ Br
HO

78% 7% 86%

B9 JufE A AL E s 1 s A B
Scheme 9 Photocatalytic halogenation of alcohols

IR RN T VE A AR AR R A VS — P N T
EAFRERE(22) 1 = ORI, ATTE L oA B VR AR
¥ 23(Scheme 10).

2018 4F, Zhao SEIIFR T —FhEFRS 1081 2°ME M
P2 MUK [ SR R (Scheme 11). %3 BART ILYEAE A
U5, DAV VR TIN5 AFHIRAN . BOAS R AR AT 15 11 i B

Ru(bpy)sCl, (5.0 mol%)
CBr4 (2.0 equiv.)

g0 =0 BuNBr (2.0 equiv)  PgO—_P
L~ 0H
DMF, blue LEDs (13 W) Br
22 Ar, 10 ~15 h 23
OPg: acetal, silyl ether, acetate, 54% ~ 93%
benzyl ether, benzoate 10 examples
"""""""""""""""" Selected examples ~--------ccoreeeeoos
AcO
BzO,
Ph\_O AcO
BzO o ACOO 0 AcOﬁ‘O\ AcO
BzO AcO AcO O o
BzO €O Br AcO
' AcO
82% 91% 92% Br

B 10 e HERE H IR R M

Scheme 10 Photocatalytic bromination of saccharides

CHI3 (3 equiv.)
N,, DMF, 2 h
1°,2° R—OH - R—I
100 W White LED 62% ~ 99%

29 examples

R—I . R lil H
\T/ O Iy~
R-OH 2 7\
H I
\ﬁ/)\l fHIZ
+
| ‘ﬁ_/\N/Q
Vilsmeier-Haack | -
Reagent CO, HI

———————————————————————————— Selected examples -------------------o-ooooe-

PhS._~, @/\/| Ph/\/l\l NN
80% 89% 91% 87%
B 11 W] WOGIREEE 1R SR

Scheme 11 Transformation of alcohol to iodide under visible
light
PEE VNN 5E 25 5 DMF 7EJ6HA AT S
AR Vilsmeier-Haack 0G5, Jim 38 4k 1M 5 B A AR AR
B AZMFFCIE R T IREO6 R N A, BT R A KRR A
PRI 70, AN A% 07 0 R BN 1) S R PHEARAIG.

2020 4 Reany S5OV | —FpAI ] N-RART
W HZ(NBS)a N-5A T BRI E(NCS) B R I R A Bk
HARMITE, HT NCS 1) C—Cl B R NBS 1)
N—Br K, H, #i#&Z5MEN KRR E LI
(350 nm)K, MIRA AT 2(Scheme 12). fE1Z{A
Z, ik DMPU f1EH AT g2 75 3 N—X S R 28 T
FSE R E 11 g A H H 2 ()44 HL

FERE 1 B H AR B 7 T, 2018 4 Kemnitz S5 21F)]
& AR N-2% REAEERSHD6G 1T nm)BEUK %S SFe
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BHLE
Br/Cl
Ov\i/\éo (NBS/NCS)
1°, 20 30 R-OH s R—BIr/CI
MeHNJ\NHMe OUTL) " 42% ~ o8%

46 examples
Condition for bromination:

DMTU (0.45 equiv.), DCM, r.t., NBS (1.5 equiv.)
Condition for chlorination:

hv (350 nm), DMTU (0.45 equiv.), DCM, r.t., NCS (1.5 equiv.)

Cl/Br<
MeHN)'\NHMe
H
77777777777777777777777777777 Selected examples -l

J@ACI cl
o
>§’O cl
63% 81%

54%

possibly via: [

B 12 NBS 8 NCS /30 1) B3 s AU
Scheme 12 Halogenation of alcohols via NBS or NCS
SRS BT B RAUR S, TEEWER T 4 ARV
£, X 3.33-=WA-1-57, B 7 RPN, &

WK A2 % 14% 11 3,3,3- =8N -1-45 B 7= 9 (Scheme 13).

Mes”N\/N‘Mes (2 equiv.)

1°,2° R-OH R-F
hv (311 nm), SFg (0.48 equiv.)

CsF (5 equiv.), CD,Cl,, 30 min, r.t.

via:
’ Mes’N><N‘Mes

FFF

——————————————————————————————— Substrates scope -------------ooeeeeeee

F F
n-CgHq7-F /O/\
O-N )\/\

2
92% 85% 79%

FCT RS
24% 14%
B 13 NBS 8 NCS /30 1) B s AU

Scheme 13 Halogenation of alcohols via NBS or NCS

S0 AT CED Gt 0 QY P A=K/ 4a 56 T AV TR AW
IR S S, AN 7 i — BBt i 5 . B
ZREHIHNG, MIMTAERRA KRS TR LRl £
PERI R TER B AV DL R S g S i T4
SRS R AC BN, AT I I S B 2B 7 5 5K

4 AFFENHEEREEREAISECRE

H 3R BF 7T R A, R 6 T R A Rk (i
Co—O BEFIZME, TSk I RIBEL ALy B LA
. BT W R A A 8 AN B S AR 2R IR GRS, DARE
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BN E AT A B B B2 2 R T IR N D
JR 2 AT SR O SN FE T RT YA L 3 DL A DR
W, ERESLELZ 01 K5 W R BAL AR 1, T AE 254
WA AR “ I (0 TR AL RN 22 SEfR 1968
AELASK Stermitz S5 RE 2R SR AT 5T 1 RN Sl
XFHENE | PRI BE AT A2 ) Sk FLE T AR (0 — 2P i 2
B e BN SR V. (Scheme  14), ANidix 86 jg W % Ja) BT 45
ST, NGRS A R

(a) Stermitz, et al. 1968

) e
N |

| 14 d at sunlight or N
=N 41 h with Hanovia 200 W lamp L
24 25

yield not reported

(b) Stermitz, et al. 1970

X _
| EtOH, HCI | R
N 80 h N
Hanovia 450 W lamp 27
26 (13.2Wat313nm) R=2-Et, or 4-Et
7% ~ 10%

(c) Takeuchi, et al. 1974

R!
| SR EtOH, HCI \TR
N
hv (254 nm)
28 29

R =COOH, R' = 4-Et, 85%
R =CN, R'=6-Et, 10%, R' = 4,6-diEt, 6%
R = Et, R' = 6-Et, 30%

B 14 6 SRR R bR 2
Scheme 14 Photoinduced deoxyalkylation with alcohols

2015 4F, MacMillan PREEHPHE B H AT “H
Jig A% (spin-centre shift, SCS)HSFEME SZIL 1 AEWE
el Dy B H R BT EBERT AP e A S B, 25K
W& R — 20 N T 2 SR B, Bz B R R
(Scheme 15). fEZAAR T, Ir AL RIEBGRIFITER,
MEREE TN FEERE H #BA IR IR B
HH L A () AR(T), S5 3 0 s 3 o L PR R R e PR A 2 C—
C 4, Jrilxd A e DR R e b A fd K R e g
Con—O BERE, FITARLIIBR B R (L) BE T AL 7 )5
T, AR (31).

TEREXT sp>—C M JE3EAE 2 N J7 TH, MacMillan B0
HIITE 2018 4FEXF IR S #& 3 — 2P #h € (Scheme 16), 1#
o Ir 8 G YA WU A R Sk, 7E0 C TRk
B 17 PHE I B A P R T (32) X I o= PRI AN R ARl
FpeEA N, BELART RN ee EARFRE L a- R
ME(33). iz MR BRI E Ae B, EEaniRaR XL
B RS BEEURINIIAZ . JLA, SRR SR
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Ir(ppy)2(dtbbpy)PFg (1 mol%)

L TsOH, DMSO, blue LEDs, 23 °C >
R S + ROH N R
N/ thiol catalyst (5 mol%) 31
30 43% ~ 98%
37 examples
——————————————————————————————————————————— Key mechanism steps ------------------omommmmomoooo oo
A
hv, [Ir] N R
CHs0H ——SET— -CH,0H R o kN
i i N
thiol catalyst 1 R T N o I-}I( OH
EtOOCTSH N J ‘
or MeOOC.__SH H N
- < SET— R-—
or  F,Cc._SH R T
~ SN CHs Y CH,
L
————————————————————————————————————————————— Selected examples - -------- oo
X HN
_N & )
R N
0=8=0
R = Me, 92%
R = Et, 95% AS
R = n-Pr, 96% _N
R =/-Bu, 87%
R = (CH2)3OH, 88% Me . . :
R = (CH2)2CH(OH)Me, 81% 82%, Fasudil derivative 43%, Milrinone derivative

B 15 0] W65 S B 0l S e A e
Scheme 15 Visible light induced deoxyalkylation with alcohols

organocatalyst (20 mol %) o
O Ir(tbppy)sPFg (0.5 mol %)
m/\OH +HJ\ 34 Wlue LED lamp_ " H
N.X H' " \utidine (50 mol %) Nod R
32 ~ Hy0 (30 equiv.) R a3

(20equiv) pya 0oc 60% ~ 93% yield

l 94% ~ 99% ee

26 examples

H* SET catalyst

N
Hm/\OH —SCS— m/\ Bn/t)(
~R) -H,0 HN ¢
R N %\H

—————————————————————————— Selected examples  -------------oooooooooo-

X O
. X Y
B H N "
N__  Bn Z
X =F, 78% yield, 96% ee N

X = Cl, 69% yield, 94% ee _ Boc
X = Me, 75% yield, 98% ee 80% yield, 94% ee

o o
B H INCY H
N/4’6 N.__~_ Bn

89% yield, 97% ee 83% yield, 96% ee
B 16 HBEHOF R SRS T B BE AN S FRR SR R

Scheme 16 Spin-center shift-enabled enantioselective benzyla-
tion of aldehydes with alcohols
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Big FROEEE. FEREE TR SR ATAE M RETE Bl i & I
R AR IEIEA B

TERERT sp?-C WAk R N7 THI, 2021 4F, MacMil-
lan PRAZHPGESLI T Ir AL LB R EWNHC) 7
™A . BUE. BEEREE R A 15 DT R AR
) T 206 ot 2 5 B BB B2 N (Scheme 17), %44 2 JEE 438 H
MEARE T, RS IEREEL, T C2 WFRITFE TR,
B RESE B 5328 I SLAR R 1 55 Tk I B2, AT AS XS FR &
RO 5 FE B =4, 0] R T 251 s BAAE A, b
BN G T Re IR B, Al & RUnE FR v 254
Januvia 2. 1% NALHE & NHC K Ir LTI S iEE
R et B 3, JFEAE Ni AT S R kE
b PO AR i Js B 3 iR B ok S5z 7 A AR B

EREZ Y C(sp®)—C(sp®) BB M. 77 THI, MacMil-
lan TRAIZH 72022 FH 2R MBL IR NHC 3510 R ) SR,
FARR 728 () A OAGRRAAC B i AU, SRB T TIr il
FINNi 28G4T AL S — R A RE Y B 42 00 52 SRR I
Ni(Scheme 18), %44 & Bl F 1) S R TR B A RIRK
B BRESE. DEIERA.

MacMillan #2287 2022 4E b3 — 5] ] NHC
T AGIE IR S S 1A A U ) o A — 98 B4k, I8
o I AR gAY R SL E AL, R AL
C(sp®)—CFs ##, & B e I =5 B 507 4B
(Scheme 19). XK RIEYBEH LS, REXTVF 2 HHE. %

http://sioc-journal.cn/ 3061
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NHC (1.6 equiv.)
pyridine (1.6 equiv.)
t-BuOMe (0.1 mol/L), r.t., 5 min

R—OH + ArBr — S R—Ar
17 equiv. 1.0 equiv. then NiBry'dtbbpy (5 mol%)

Ir(ppy),(dtbbpy)PFg (1.5 mol%) 18 % ~93%
quinuclidine (2.5 equiv.) > 100 examples
t-BuOMe/DMA (V:V =1:1)
blue LEDs, r.t.,, 2 h

Ph
tBu N* pyr|d|ne
Y BFy + R-OH————~ >—OR
o -Py-HBF,
Bu-t
NHC
hv
/:“ * |r3+
A\
|<+ SET
dtbbpy)Ni*1L,~
RAr)(/ PYNTL Ser |r2+/\
R \‘ 0 £Bu + Ph
| (dtbbpy)Ni°L, - N
N—Ni%*-Ar OR
G e
ArBr
Br Bu-t
N=Ni?*-Ar
N ‘_W
_Ph ,Ph
-Bu N t-Bu N
=0 J—OR
(0] (0]
Bu-t Bu-t
—————————————————————————————— Selected examples -------------------oooe-
OBn
NBoc WOBn
q
“, Ph N_
OBn N:g
‘\\\Q\_,\f
MeOOC MeOOC
79% vyield
87% yield 82% yield, > 20:1 dr > 20:1 dr, > 99% ee

B 17 NHC /v 3RS paf U2 A 1B S

Scheme 17 NHC-mediated coupling of alcohols with aryl hal-
ide
B SRR T AT IR AT A AL

E3A& NHC A 30 B2 A ke 3 1 3
W 30 2K S 4 S ) IR BN R SR AL S 34, AR &R
[FIREFEBL R AT ROEYERIE, BRI T2 5 RER1 24
P A= 731 1 B i (Scheme 20)127),

& 7 McMillian B2 _FIRHF A, 2021 4E R FHn
TR BHRIE 7 — MO 3 T 10, 200 3Pl Z ulE S
R R e R e B P 2 0K U T R R R s
(Scheme 21). iz Rl LR BT BN TR
RETE AR S5 L SR A B R R T 7 (M), ML 4k
WS i R[] PR A 77 A T B TR BRI 1 1 2E(N), N
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NHC (1.1 ~ 1.3 equiv.),
pyridine (1.05 ~ 1.25 equiv.)
t-BuOMe (0.10 mol/L)

R—OH + (R'COO),IMes 15 min, r.t. R_R
. then [Ir] (1 mol%) o o
(0.50 (2.0 equiv.) INi] (10 mol%) 5361/0 ~ 80|A>
mmol BuOMe/DMSO examples
1.0 equiv.)

(V:V=1:1,0.02 mol/L)
blue LEDs, 1 h, r.t.

t-Bu N+ O‘Ni’o
Y BFs OO
I
t—Bu)\/kBu-t
t-Bu
NHC [N1]
————————————————————————————— Selected examples -----------------oooooooe
Boc\
BocN
CbzN
70% 61% 78%

KX 18 NHC AR5 R IRAT A M A BB S o
Scheme 18 NHC-mediated coupling of alcohols with carbox-
ylic acid derivatives

NHC (1.2 equiv.)
pyridine (1.2 equiv.)
t-BuOMe (0.10 mol/L)

R—OH + dMesSCF; R—CFs
(0.50 mmol, (1.5 equiv.) [ir] (1 mol%) 215 ~ 88%
. oo : ” .
1.0 equiv.) Cu(terpy)Clz (5 ~ 10 mol%) examples

TBACI (2 equiv.)
quinuclidine (1.6 equiv.)
DMSO (0.025 mol/L)
hv (450 nm, 100% light intensity)

Selected examples --------------oooeooee-

CFs
0 J\/'>‘/ODMT
Ao

BzHN)W/ from 5DMT-5-methylcytidine,
21% yield, > 20:1 dr

\/\S >(
NTSN o 0 CFs
F@,\\‘A\”)\(L/NO\OI
N=N

F
from ticagrelor acetonide, 55%

B 19 B B =0 T A

Scheme 19 Direct trifluoromethylation of alcohols
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NHC (1.1 equiv.)
pyridine (2.2 equiv.)

t-BuOMe (0.1 mol/L) R
— + =\
R OH_ NaOAc (2.2 equiv.) _\—X
12equiv. 4, 1,1,3,3-tetramethylguanidine 35
1.0 equiv. (1 .0 equiv.) 52% ~ 98%
[Ir(ppy)a(dtobpy)I(PFe) (1 mol%) 55 examples
+-BuOMe/DMA (V:V = 1:2)
””””””””””””””” Selected examples ==~
CbzN (0] O
N (0]
(o]
N
cl ) 7
o i

from ethacrynic acid, 85% from p-D-fructopyranose, 84%

EX 20 5 Michael Ak AL R
Scheme 20 Alkylation with alcohols and Michael acceptors

HE— P = ORI T 10 S-SR SN Th AL e ek
A, e kTN R B BRI R ke T, R AT BN
PR 36, R £ IR IEIN, R R R
S, AR BB J L AN BN, TR 244 2% T AT 1
L3R IR PR R IS AR b 2k RANE T
ARE REE BRI BYSE .

RERRBAEHE — DR ER vk Ry R R
BRI 200 L M 0 e 5 I 3 e B A S i v, B4R,
AT A B 26 RS 3 iR R 978 1 AN 75 B G R T
WU 402 nm P AIEDEHAC IO RS, BEiS AEA
JRD IS, e LA R AT A IE FI 1 & e (38) £ F Y
N IR (37) B % (39, Scheme 22).

Hong BREHPYT 2022 F 1 1 ki 5(40) 5 =

NaO'Bu (1.0 equiv.)
THF, 3 h

T IETE Y 2 LS 2 B R BN (frustrated Lewis pairs) (1)
Mg, SEIL TR E AT A A e B I ) A e R e
B (Scheme 23). 1EEH& H1Z R M FIHLE] 9. mEig £h
(40)E N Lewis R 5 = U T 2L BT B 32 FHLEE 25 T B BRLGT,
1% 52 BHL i By 3o B o Be i P R I R S AR B
Ferb B A (P), P 2k T 5 e S I S A7 2 s P 2 i R s A7
BT R TR BRI A i AR E i, R
RN B e PR AR R 41, 1ol FE I v LR
KRR S N FE

TERAMDEE FEES S Minisci N5 TH, 2% R
BZHBSF 2017 4EHGE T LLER SNG5S54 nm)fE N IETRE TG
TATAT AL B G A 577, R R T 5 5 05
FACEY)(42, WINLRE . WM, WEDy . RIS )R AR B
1k 52 i (Scheme  24). fF # £ iz 44 & 1) ) M HLEE 5
MacMillian ¥4 ) J77%:(Scheme 15)28 101, 1485t ¥ H
H A A A B 07 22 S AR, Hodr, PR A
TE AL 4 FholReR)iEi2: () RE S 75 23 id
FHFERIE N (b)) S PR EOR 5 R
HHEE, FfFdt— PR EER) o-H TERG (o) BfEH =&
RGeS FEE SO NSRRI IR (44—
2R R IO ZER R, R RAMR UK B =4S 5t
R EER) o-H, 22 F H HEE. 7550
fAifE . A ER, AT &G4k R (Scheme 14)1 5, B
A ST R A IE P | TG I s IR R 1 B B R R R
AN 57 A BRI BARER S 2y e B % T4 2 AN )
JERA, VT BEIRAT R HUAR B 2 U FR R4 45t mT

~we (20equiv)
[Ir(ppy),dtbbpy](PFg) (1 mol%)

then CS; (1.5 equiv.)

NaOBu
CS,

[ S PPh;

OH =\
COO0OBn

73% (> 20:1 regioselectivity ratio)

PPh; (1.2 equiv.)
H,0 (7.0 equiv.) 36
MeCN, 24 h, blue LEDs (30 W)

R
_\— EWG

38% ~ 94%
71 examples

=\

s
R\OJ\S,I.:’Ph;; — K

S=PPh,

from drospiroone intermediate
63% (2:1 dr)

B 21 B75 Michael S H LR RE N A S
Scheme 21 Dehydroxylative addition of alcohols with Michael acceptors
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ik SR

X A, (X =80,Me, or H
~ R . 2.5~ 2.8 equiv.) R"
4 A molecular sieve R
. H/\R,
P(PMP)3 (1.5 equiv.), 24 h 37
1,4-dioxane/DME/MeCN (V:V:V = 4:2:1) 0~91%
blue LEDs (30 W) 90 examples
MO'Bu (1.05 equiv.)
CS, (2.0 ~ 5.0 equiv.) Ar\Né\SOZAr (1.5 equiv.) Ar‘ia, SOLAr
THF or Et,0 0 . HN
3h S 4 A molecular sieve
R—OH r. ) : R
07 °s” PCy; (1.5 equiv.), 1,4-dioxane 38
. 24 h, blue LEDs (30 ~ 50 W) 0~91%
M 49 examples
(M = Kor Na)
T
RO. ' R"
O-N" > s0,PMP (12 equiv) L(“N=(
"BuP(Ad), (1.1 equiv.), 24 h 39 R
1,4-dioxane/toluene (V:V = 9:1) 45% ~ 97%
46 examples

blue LEDs (20 W)

B 22 TEHEALTIZRAT B AN R ) Bt e R e 2 A 2

Scheme 22 Catalyst-free dehydroxylative alkylation of unsaturated compounds with alcohols

NaH (1 equiv.) R
CS, (3 equiv.)
R THF (0.6 mL), 6 h N
K;\]/ + R—XH i R'Tu\ D
! then 40 (1.5 equiv.) N
NR; X=00rS  pig, (12 equiv.) 1
40 (0.10 mmol)
(1.5 equiv.) DMSO (2.0 mL), r.t., N, 40% ~ 88%
- e blue LEDs (467 nm) 58 examples
l R-X-CS;” R-
D SET o M
N , .
R, :PBuy, R_@ P'Bug “NR,
ER ER Vo s=pigu,
2 2 X=C=S
frustrated Lewis pairs P

———————————————————————————————————————————— Selected examples -----------------omoooooooo oo

OEt
" i /©/
S Ph \ Ph
p | N
Ph” "N N~

62% from bucetin, 85%

BRI 23 SZRHLER D) MR Bons A T B AR 7 (1 B e e 2 A0 S 7

from L-menthol, 70%

Scheme 23 Direct alkylation with alcohols and thiols via frustrated Lewis pairs

Re A R B EH ISR R D5 S E 4.

IR C(sp?)—C(sp?)/C(sp?) i (I 5T N I
MEEE MR T o F B X SRES. 498, MHRTH
WLA BRSO =AU TR TS S5 (AT 1A, BESR E B
Hip2 Y C—C BB MATE IR KA 25 1A,

5 AFSEHNERREERUEN
AR AR M RV A, 30 I W e (b o e AT ARl —
TR T R A R SAL S S8 .

2021 4, 15 PR AHBHRAE 1 — M L FDE G
LR B A GROR, 1°BE S 2-Z R B (44) 72K
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A P IS I 1) 4% s M R T (45) RO PR A 8Lk SO 1% 7 1 4
PRRAN, FeEem, IR 518, & —Fhak b i
WY IBR R 37 AR 0 1) 7 2. ZROSEATLERS B i 5 T B
RIS, G S 44 RAESEZINSR R BARIR
G FHEAEFE(Scheme 25).

[, SR E iR P R e b i 7T T
FAMY(TBHP)N G R 108k 2°0% 5 2-ZFE 2K H ik i (44)
S i) % e IR R PR R A0 S B, 7R ZAR RO S
TBHP i U5 R AR R A OB T 48 B fi 2k, AT 1°
B AN, 5 #4020 Scheme 25 IR E . HEfbid
FRAE A X v e AT A4 475 T 20t 2 2Rl
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CHj
~ hv (300 W xenon lamp) =~~~ |
i TFA (1.2 equiv)  RoC
R o M+ cHyoH (Tzequiv) R, . Sy
YTON 3~24h 43
42 DCM, 23 °C 0 ~80%
34 examples

——————————————————————————— Key mechanism steps  -----------------------

(a)
CH3;0H TCH3OH —_— CH20H2 \’ +CH,OH

LA

(b) hy CH3OH
CH2C|2 -Cl \ ° CHQOH
HCI
c h 4o .
CHsOH ——"*—<= CHzOH —CH,0H, Y *CH,0H
CHyCl,  CHsCly H*
d (0] O CH3;0OH
(d) )J\ hv . 3 - CH,OH
Ph Ph Ph Ph
ffffffffffffffffffffffffffff Selected examples ------------------------ee-
CHj
S COOEt
CLoes O
N _
N~ “CHj

70%, thlophene

o of

37%, purine

46%, nicotinic ester

76%, tri-deuteromethylation

B 24 HIOCFERES HRH RN

Scheme 24 UV-light induced methylation with alcohols
AR, AT AR B 2,3 A M M K IR 49T A2 )
(46, Scheme 26).

H1 T R AL 2 e A o TR SR ] itk —
DA N T BRI SAAT AL R, i 2023 4F
ERFARBAPILL 9-Z5 W J e oA LR AT 7T 1Y
ST TBHP, 2R ALkt by 5 A0 I i v RO Rl e e
WRER AT .

6 =4

y=A

LR, B TR R RS N AR 5
B TR I 0, X SIS B B DL H AR AR
EAE MR F e an JFURE, 38 S 1 RA) T AL 14 i
AER B RE, BT R R RA G KR T 2T
Py BAN, HOETE T AT R IR R 2 Bt et gt

EEMIEFERIMMER, MR T HEE R 5. H
M, XK e REL T R OIARIG B, JFERIRE
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REVIEW
I, (20 mol%)

0 o)
NaOH (2 equiv.)
R Y “NH, + RCH,0H Y NH
L H,0, 12 h R A
NH, Whitle LEDs (40 W ) N R

44 45, 42% ~ 93%
17 examples

| hv . 0
RCH,0H RN e
? base R | R RJ\H
(0]
Ry 1 7~
H R Oz HO

(0] (0]
N *@ N
74% 80% 48%

B 25 mINE SRS S A s ek ER AT AR

Scheme 25 Visible-light induced synthesis of quinazolinone
derivatives with alcohols

o
NH
R
NoR?

46, 81% or 99%

{ X

w“ 2 examples
OH
L — or
TBHP (1 equiv.)
1 2
ROOR DMSO, rt. 0
Blue LEDs (18 W) Rt A NH
|
ZSNTR!

47, 45% ~ 99%
21 examples

(0] 5 e}
Br. r

97% 81% 95%

BR 26 T WOLTHEFEFS 5 G B 00 R B ek R AT A=
/]

Scheme 26 Visible-light induced synthesis of dihydroquinazo-
linone or quinazolinone derivatives with alcohols

WIERAR TR B b RO T BRI AT, 28
M, JX AT AT AR K R Jeg 2 a], Lb g o 18 P &5 53
HCHEALTR, B — P 1R m RN FEE, 37 RIR &
FIPE, i B B A SLAR G B, R T3 8 T e (g

MIIF AR S, ELLR O R, KRR, RARART
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THENT AT K. A2 W] FULHE+4F, BA TR 4REL I
RERANSIRT e EEiibe Z7ib 98
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