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Figure 1 Application and preparation of B-amino and B-nitro ketones. (a) Selected examples of drugs possessing B-amino ketone or 1,3-amino alcohol
moiety. (b) Classical Mannich reaction to generate N-protected f-amino ketone. PG: Protecting group. (¢) Our new method to prepare ketone with -
nitro or B-NH, on quaternary carbon. (d) Drugs bearing trans-2-phenylcyclopropyl amine unit
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(1) BFSIE. BRAES AU, ASCHT IR
AR RS, A2 aifb B F R, PUA
KM (THF). LB (EL,O) Al 4- A NGt CaH,
LiAIH, FIRANBRS7EN, F 7818, W, —@ WMo
JiE 23k CaH, FIRAN B 7EN, F 25080, TN, 2R
fis . AT (DMSO). N,N-_H 3 Z Bk
(DMA). N,N-ZHIEH EEf(DMF). & s = H ik
(DME). =& W ke, HIEH e, 53 e, 8- A
WA [5.4.0]F—B%-7-K (DBU) & ALY 4A 73 10 T
Fi BT BB A I AT 7E 100°C 43 T4, g vl Wt
5 A AL SN B 2 7E Schlenk 35 HN, U4 F (7. 1
SO AR (RER S E0.2~0.25 mm) kAT, it
LHMT K254 nm) B0, oAl 2 ERER (7 5 i
¥, 200~300H) 17, HCDCLEKDMSO-d /E# 7,
FEJEOL ECZ 4001600 MHzI% BE IR I 3k H
FPC NMRIE. (21 #%18(0) Lk ppm(parts per million)
KA, DAPYH EERE(TMS) B FR(0=0). 5% 'H NMR
FAATACH 5 B A FI/E N AR(CHCL: 6=7.26, DMSO:
0=2.55), “C NMRAVACEFIEAFR(CDCLy: 9=77.00,
DMSO-dy: 6=40.00). "°F NMR 1L 174 LLCFCly(6=0)
KA. LTAMERE Y B AR A Nicolet. AVA-
TAR 360 FT-IRJGHE(Y [ 3k75. #EWRX-4(_L- 125 il) i
Tk A I B . R PR BIEAEAB Sciex Triple-
TOF 5600-+5i3i54% [ 3k45. 7FRigaku XtaLAB Synergyfii
FHL(Cu Kalfb4R)BEA X2k B AT S 5256, AR
F1100 K. JH & 645 (light emitting diode, LED)X] %5
GG AT TR (NAE S R EE 3 10 em)fE o RS
(ES1). AW, GELED(RSHE K ILES2. S3)AT
WA R 1.5 m, FERITHFRIZR R 10 W.

(ii) S8 k. B—15E T HEAYSchlenk s, il FL
IR, FEN LRI 1 1 S i A I e ok
(2.38 mmol). fERACHYHFLIE(1.19 mmol) FIJE/K 2
(6.0 mL). SR, A fac-Tr(ppy)s(4 mg, 0.5%, FE/KTI )
L), IR aE a A - LS R R, SRE TR
W CLED)T 45456 nm, 15 W, BB RN 45 £493.0 cm)d
SEFPERE. A A 20N U K S N I B 4 il 2E 2425°C
(R %6 B ILIEIS4). V2 g xd R ni A7 Wi, SR
J5i (5 h), TERE 7% W e SO . KL 3 g PR e e
JEHT(20:1~10:1, A1 it/ LR L BE) 24k, F53AH R -
T L H bR 4).
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FHTT S 12531 - = W 3Lk S 3 20 (1a) F12-75L-2-
LN e (22) 9 S D AE NS RL(1E]2), 12 1afil2aliy 2
IREERLS: 1, RS, B 56, H[Ru(bpy)s]-
Cl,-6H,0(bpy=2,2"-BEMERE)(0.5%, BE/RH 4 HOE Rt
AL, IR CHEE SRR, M GLEDAT
(456 nm, 15 WYVERGIR, S0EFRA T AR R (1 nl 471
RWEERG, 4 Ei8832%m3aa. RAEG. 496
(516 nm)LEDAT 7 /E MG, Xt [Ru(bpy),]Cly-6H,0.
[Ru(bpy);]Cly» [Ru(bpy)s](PF¢), fac-Ir(ppy)s(ppy=
(2-(MEhE-2-26) 7K ) . [Ir(ppy),(dtbbpy)]PF
(dtbbpy=4,4"- " FUT 3-2,2"-BKMERE) . [Ir(dF(CF5)ppy),
(dtbbpy)]PF4(dF(CF3)ppy=3,5-_Ji-2-(5- = J FF Bty n-
2-F) 7K KLY, Nal/PhyP. HPEBEZIY(Eosin Y neutral).
BBLTY —4#Eh(BEosin Y disodium salt)if47 T ik (FR1).
B FH0.5%(BE /R E 43 H)fac-Tr(ppy s, 4755 E]3aall

O,Sli: 0
HAEHH
- XNO " ©)\><Noz + —Sicpr
d : AT, TR /
= N,

1a 2a 3aa

2 RERUSON: B 1a 5 R R B 2a
Figure 2 Model reaction: Coupling of silyl enol ether 1a with gem-
bromonitroalkane 2a
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Table 1 Effect of photocatalyst

ppey ) RECHIS S )

1 [Ru(bpy);]Cl,-6H,0 2

5 [Ru(bpy);]1CL, 81

3 [Ru(bpy)s}(PF), et
4 Jac-Ir(ppy); n%(] 5W) ol

5 [Ir(ppy)x(dtbbpy)IPF, !

6 [Ir(dF(CF3)ppy),(dtbbpy)]PF¢ R
75 Nal/Ph;P 18
g R LTY GOGLEDET R
o WBLTY s wASW) 2

a) BRAESS AU, FTA ROV S A6.0 mL CH,CNHWEFT, fifi
FH1a(1.5 eq, 1.78 mmol)~ 2a(1.19 mmol)FHDEAEALH(0.5%, FEIR T 43
FE)ZELEDATHF T BESHFRAES h, YRR BIleR; b) Seffbmm
HH10%(EE R B 43 Lh)
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PERYEE R LE R 1.5:1, H0.5%(BE /R E 53 L) fac-1r(ppy)s
S FIEAT T 0. W2 LIE I, SEHIN1,4-—
NI, AR =Y, WA, LR
LW W ki, =W ki, THF. LT[k, DME,
HORES, ORI, RN 4. DMSO. DMF.
N,N-Z W s, ORI RS CIEE
i, SR T AR R, A Sk e ZIEVE %R
N B AR TR R, X O B R B AT T Hefe. A AR
MR, YR EE-1- W RS I O 2- TR - 2- B
PIGE R BEJR L R 2: 1), RN ISR R i898%. 2k, &
I8 RE T 1afi2afiss Ry i B Bl 2 1 RS
T, -2 F - R S 200 2- T2 il B TR e 1Y)
FEIREEM2:1, 0.5%(FEIRE 43 Ho)fac-Tr(ppy)s1E R A
B3, oK ZIEVEREER, WXCLEDA /R AEIR, &
IR F RS h.
213 BEAEWEH

TERE M N P BE IR e 7). YAk B T4
T, R TR kR SRR T
FREAF B B R (3). e HAB S AR R T L
fE a4l 2R R B RCT 3 S RE L (TBS) B — 5+
NHERESL (TIPS EERERE, 5305 2a ) 7, 3aall) 7 B UK
BRI N64%F132%. X —LE BF W, IREEREEE T
) = F L RESE A T SR B e 2

BEAS [) T 25 5 AT X B S 7 AR 2 I 0B A T T B, 2-
TR-2-fil 3 P ke 5 1a S 7 A Sl 3aa i OR L 2- 58 -2- i 3
PIkE -2l b A 2. FH 2- -2l 2L P e,
BARE HERr=Y3aa, R4 T29%H92-F3IK 2,
FRAI13%A01,2- KRR 2 8. B4R, M TR
WS SELAL AW, (RN LR BE A% R b, FAAH
FARTCEAS R = ).

2.2 EIBMCHREAE A s TG

TEPACRI R 26T, BFE T 1- k- 1- = P Jk i
HEOIa G AR TR UHEAL S Y2 SO0, 4528
WE4@FR. T ORI S & Y i
Wa, A XS ARECA S AR FRREGARFIR . PO =2
BRI S, ENHRRIN RAFp RN, AR LY
BT PR AR Y= SR 10T, PO S R

2416
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AR 205 B Bk 2546 v REXHIEE SR A ). 2-1-
2- Bl FE P -1, 3- 125 T T ) 4 T AS A= 1l B- il Fe ]
FEY, RTRER TS SRR T 46 B AS FA (R AS R S ).
R AR AL B TR IS b 20 2 ME—
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Table 2 Effect of solvent and molar ratio of reactants

G la:2a(FE/R Lb) v S| R (%)
1 CH,CN 91
2 DMSO 84
3 DMF 85
4 DMA 71
5 ] 46
6 AcOEt 38
7 15 DME 35
8 THF 43
9 Et,0 41
10 L4-ZHNH 0
1 CH,Cl, 36
12 CHCI, 36
13 LIPS 35
14 2.0 98
15 1.0 CH;CN 35
16 0.5 36

a) RME&AE: BT, 786.0 mLAFH i A1a(2.0~0.5 eq), 2a
(1.19 mmol) il fac-Ir(ppy);(0.5%, EE/R E 43 Lt), F1456 nm#Y) LED T
5h

/CQ >< 0.5%(mol) fac-Ir(ppy), /?I\X
+ —_— + R—-Br
Ph Br”™ "NO,  pjeLEDs(15W) PN NO,

anhyd. CH,CN, 1t,N,, 5 h

20eq 10eq
R= as\i< 32% yield

/
R=4si 64% yield
\
o

OTMS >< 0.5%(mol) fac-Ir(ppy)s /U\X N
/& 5 g - ~ oh NO, + —/SI—X

Ph P Blue LEDs (15 W)
anhyd. CH,CN, it,N,, 5h
1a,2.0 eq 10eq X= Br 98% yield
Cl 57%
I 21%
F 0%

3 EEEERIE
Figure 3 Effect of leaving group



R, A 3ao IR A 77%.
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T, WREE T AN TR) A Y e ) e 4 e PP
Akl 15 2-TR-2- i L N be2a i OV (El4(b)). A THFF
FEL 2500 N2 [R5 BT B 7 52 i), s FH A AR A A 4R
A7~ IS S0 EL A W He L P % 25 f -3 AT 1) 22
7 O BERE R (1b~12)VE N N ). ik 78Ik
FEZATHREE A RAT, (0 T AHXT T2 455 B8 SR B0 M

SERERETRL AT RN . 45 SRR, SR A HUR
R P 075 T e Pk b A JBOT P M P e b AR AIR, ELER A
RAFI RN, RER 1 4 T H T JE A 1n2'-N O, 5%
4'-CH;SO,It}, RN = H13wa(38%)F13za(58%) IR
% Hofd Sz By al A5>T70% me 3. T B iy g
HLF5LH, 1-CN. -CF;. -NO,F1-SO,CH,, TCIREA]
FERIA LA E A, FRE R BOBCRA PR, X%
AT R T2 5744 (3qa). 2- S BEMLIE(167) 13-

ML RE (1" B TR E Rk, ARRE LA R A IR A Bl B- il

_Si s
o R R 0.5%(mol) fac-Ir(ppy)s Q9 R R
+ + TMS-Br
R‘)\ BrXNOZ BlueLEDs (15W) R NO,
R2 anhyd. CH.CN, rt, N,, 5 h R?

Q \ NO, Q Et_Et 2 n=0,3ac 87%
i n=1 3ad 8%
n=3 3af 82%

3aa 98% 3ab 79%

'0a®’ M Q:J/I ot 8 N I8 e s
,‘ N CH, 3al 95%

v X% ~ (:} Ph e NO: Ch,ph 3am 92%
3aa 3ac 3ad 3ag 3ao

0 NO, o M
j@ Ph NO
Ph NO, (*)

R=CH, 3ai 90%
3ag 94% 3ah 44% R=CH,Ph 3aj 91%

R= 0 NO,

Ph 3an 35%

3a0 77%

(b)

R= R= R= R=
o] 2-CH, 3ba 87% 2F 3ia 85% 41 3pa 85% 2-NO,  3wa38% o) o

3-CH, 3ca89% 3F 3ja 80% 4-CO,CH, 3qa 91% 3-NO, 3xa 75% O

N NO, 4.CH, 3da 90% 4-F 3ka 87%  3-CN 3ra 71% 4NO,  3ya 72% NO, NO,

L 4-Ph~  3ea 95%  3-Cl 3la 82%  4-CN 3sa 72%  4-MeSO, 3za 58%

2-OCH, 3fa 83% 4-Cl 3ma83% 2-CF, 3ta 71%
3-OCH, 3ga 87%  3-Br 3na 88%  3-CF, 3ua 72% 3a'a 93% 3b'a 92%
4-OCH, 3ha 85%  4-Br 30a 86% 35 (cr—g2 3va 68%

3c'a 92% 3d'a 92% 3e'a 92% 3f'a 78%”

3g'a 75%” 3h'a 69% 3i'a 82%”
(o}

1=H,R2= 3 81% 302 82% /U\%
Rz E RIER  3ka 78% >‘/U\>< \(U\)\ O)\% g CH, 3p'a 85% " NO,
4-Cl  3q'a 83% (¥) n-Pr

RZWNOZ R'=CH, R?=CH, 3Ia 77%
3m'a 48%
o) 0 B 0 No,
() #) (*)
3s'a 62% 3ta 82% 3u'a 78% 3va 51%

R=

O NO, 2-CH, 3bl 89% 9 NO, Qo NO;
3-CH,  3cl 88% V)]\/K/Ph
= 4-CH, 3dl 85% Ph
RT @ 4-OCH, 3hl 89% )

4-CN 3sl 82% 30'l 67% 3z'm 70%
dr>20:1

3n'a 62% 3r'a 57%
0] (¢]
N NO,
+
NO, n )
3via 3w'a 58% 3x'a 59%

=1
=2 3y'a 72%

0 No,
Ph é/\/Ph
()

3a"m 79% 3b"m 59%
dr = 40:60

Bl 4 s = N S IR S P D AABIR R L. (a) (B SE AL S BV, (b) JTs = P SERERE 43S IV . ) ABIR

JIMANaBH,(2.0 eq) il FH %, H55% 14 5

Figure 4 Photocatalytic coupling reactions between TMS enol ethers and gem-bromonitroalkanes. (a) Scope of gem-bromonitroalkanes; (b) scope of
TMS enol ethers. a) After the reaction was completed, NaBH, (2.0 eq) and CH;0H were added to reduce the carbonyl group
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FEER =y, HAEJE M A A I 23 & A T BRENO, Y S
K, FINaBH KX B4 B- il JE B P~ 938 5L, 433 LA
78% M T5%K RIS F 3 af13g a.  4- £ P IE () 445 i
ek ik (1h)7E S N3 A Hoge A o, B- AN 3R a, ISR
HF169%. FRATIAfH FIREE . BESEol a3 P LB AT T
. 3m'afeR J48%. In' M, T #1454
R 24 FEHNOLIH bR, 7ER N #7553 T 3n’a
(62% ).

P, RN R B FP L =2 A0 0 1 ) ek
B (1o'~1q")~ A< (1r") ) 9 B A ik (L ﬁzﬂﬁ“)
FI1-ZE 0GR AR B ek Bk (187, B ER ) 5 2a)liU 0] )2
N, USRS %~85%. -3 i At s s ik ik (1) 76 S0,
1 A A o, B- AN AR 3t . AR 7 9w T RE
5% o, B- AN RN -5 15 B BRI 0 s Bk e, A% Sk B0
Pt ek Pk A5 3] 10 (S EEK B 1 7 ) (3w " a~3y "a) Y AT 258 36
K. H SR R 45 0 1,5,5- = FF L -3- = F LR
FE-1,3-FRC AW, LASS%I R A i3wa. T
IR, IW T C=C N FCR YR N RS B T 3 4h, SLBR
5,5- T I3 H -1 - S AR A O 5 2a
AT RN

B 72222 58, HI-T8-1-AH2EPTRE(2D) S 1-TR-1-ff3E-
2-FKFE 2 B (2m) 5 A [RIZE Y () M Pt = PP Lk kR4 T T
TR R, Y953 T RAFISCR. 4- PR (1a") i M B
Tk (E-FNZ-F YR A1) LB 180406005 B2 1 1 1 Sk A TR &
Yi3a"m, W HNT9%. HFHTE5HEHE FEHNO,
TR, FRER A Bk BE b AR R N R R AR R T
3b""'m(59%IT%).

DL AR S AN B I R ) s ek i o- 54 o
TRACHE B FIEIEIEER . ST BEAR . 5-F A dE-2-28
P, 2-Efifi | lﬂlﬁn&ﬂ%@ﬁﬁﬁ%@zlﬁ%ﬁﬁ%imm
IR T B SRR (KISS). Fefi T, X AT fiE R
T R 2R A () B4 5 M 1 ?iamﬂ”;éﬁw
S S R 1A s T ek e (PRI S S) AR B 2, (HAR AR ). X
BOIRTERERE O FR BEIE . 2R AR RO BEHE . TR
TR ) = PP LR ik L R 2 R B T ) M SR T 3
HHSEREmE. Horb, PIRSTR A I = H L RERE ™ E T a-
B RS F BRI ) 2,3- T R NS
(meso:dI=1:1), Y K63%.

2.4 BTN E
241 TR R
R T BGEAS SCR AT S v, 7R
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REAAET, AT QOMB SR 120 mLIG/K
CIEFIA229 g 1a. 1.00 g 2afl120 mg fac-Ir(ppy)s,
AT AR EA, F#CLEDT A IR 2
N, ZEUR T VS h(SO e ULIEIS4). el 7% i
RV, MR8 01.17 g 3-HIHE-3-fildE-1-
ARFE-1-T B, Y%k 95%(1415).

242 BECHH AL

W5 T -t 3aate AN R 5544 F A9 FEAk(Kl6). 7E
DBUMITEHT, 3aaliidsWAH3E, LIo1%BRH bR
da. EITEERIEERRMEHLIA AN, 3aakh ikl p-E LE
4b. HINaBH k)i 3aa, FFHRIEA R FREE, 1554, 16
PAfEfL T R AL, THEERTRIERIBHEAR, B-AHSEER
3aaft Al N1 3- 2 HE4d. o p-NMEFIEI4atEPAEIL B H
FEEk, $51k hde. TEBFVER 5 = 3L EUREGE SN,
Ak R B-F FEER4f. Triton Bk F4a 5 a2 0, A=
iy FEf4gfah, SCIGZE IR, ZA MO EE& T
S .

2.5 JRMHLERE

R it T T R TR Y R BB S N, AL,
H1afi2afe oK CHE AT THEHI 9250, FEIREE LI

N Ly
S A fac-Tr(ppy) BiE A OGHEAT] L 856G
L
O,SI\ o)
fac-Ir(ppy)s \
+ X _— NO, . —si-pr
Br™ "NO, i, TXZHE /
=R N,
1a 2a 3aa (TMS=Br)
(11.9 mmol)  (5.95 mmol) (117 9)
5 TEYHB Y
Figure S Gram-scale reaction
CH3CN & CH3OH Ph
4a91% 4c 93%
_Ph)I\XNOQ_
/”\>< Zn HOAc 3aa | Pdic _ /KX
e H,, EtOH )
4b 82% 4d 87%
Triton B
)\/K _PdC (CHgNOp /”\)4/
Hz EtOH 40°C,48h Ph
4e 80/ j\)\ 49 73%
— ph” N
4a Triton B
)k)( _BRaEL0) | CHNO,  ph 02
4£83% e ARCEENN 82/

6 BB HIREAL

Figure 6 Conversions of coupling product
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1a + BrXNOZ + TEMPO

Standard o]
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Synthesis of -nitro ketone by visible light photoredox catalysis
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B-Amino ketones are invaluable for the synthesis of natural products and pharmaceutical agents. Mannich reaction is an
important method for the synthesis of f-amino ketones, but still has some limits: It is inaccessible to a ketone bearing a
nude B-NH, group or a B-quaternary carbon with nude -NH, group. Harnessing the power of visible light-induced
photoredox catalysis, we prepared various B-nitro ketones, including those bearing a B-quaternary carbon, from geminal
bromonitroalkanes and trimethylsilyl enol ethers under mild conditions, which were easily converted into $-amino ketones,
1,3-amino alcohols, a,p-unsaturated ketones, f-cyano ketones and y-nitro ketones.

We prepared quaternary and tertiary gem-halonitroalkanes by halogenation of ketoximes and primary nitroalkanes,
respectively, and prepared trimethylsilyl enol ethers by silylation of the enolates of various methyl and methylene ketones.
Under blue light irradiation, these gem-halonitroalkanes reacted smoothly with the trimethylsilyl (TMS) enol ethers in the
presence of 0.5%(mol/mol) fac-Ir(ppy); at room temperature. Generally, the B-nitro ketones were obtained in moderate to
high yields. In several cases, elimination of HNO, occurred to give the o,B-unsaturated ketones. The TMS or TBS enol
ethers of a-halo, a-phenyl and a,0-dimethyl ketones, 5-methoxy-2-tetralone, 2-indanone, tetrahydro-4H-pyran-4-one,
acetone, aldehydes and esters failed to give any coupling product. To demonstrate the practicability and versatility of our
new synthetic method, a gram-scale coupling reaction was established and the B-nitro ketone was easily derivatized.

The reaction mechanism was studied carefully and elucidated clearly. Control experiments verified that both visible light
and the photoredox catalyst were necessary for the coupling reaction to proceed. Radical-trapping experiments indicated
that a-nitroalkyl radicals were possible intermediates. 'H NMR monitoring the reaction between 2-bromo-2-nitropropane
and 1-phenyl-1-trimethylsiloxyethylene clearly showed that trimethylsilyl bromide was the by-product. Stern-Volmer
quenching analysis supported that electron transfer between fac-Ir(ppy); and gem-bromonitroalkane should take place
during the coupling reactions, and no such process was involved between fac-Ir(ppy); and TMS enol ether. Based on the
above facts, we proposed that o-nitro radical, generated by single-clectron-transfer from fac-Ir(ppy); to gem-
bromonitroalkane, added to the C=C double bond of TMS enol ether resulting in an a-siloxy radical, which was then
oxidized by photogenerated fac-[Ir(ppy);]” to give a carbocation species. With the aid of Br , liberation of TMS-Br was
achieved to give the B-nitro ketone product.

visible light photocatalysis, p-nitro ketone, silyl enol ether, geminal bromonitroalkane, a-nitro radical
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