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Introduction Figure 1. Visible-light photosensitizers for organic photorzd

Visible light constitutes the major part of sunlighthich  catalysis.
provides clean and renewable energy for the naf\pplication ,
of solar photocatalysts on an industrial scale bagn an R i i

o : . i N 0 HO o) o
aspiration since a century ag®hotocatalysts mainly include R1m O ‘
7NN =
Br

transition metal chromophores and organic chromogsho e
la: R'=H, R?=CHg

[Ru(bpy)]Cl, and iridium polypyridyl complexes are among the Ib: R'=H R°=Bn O COOH
best organometallic photoredox catalysts with wethdestrated hA 2112?:8'{ gﬁzg:a
versatility in organic synthesfn the other hand, “metal-free” le: R'=6-CH;0, R?=CHs Eosi

i ; S ol If: R'=6-Bn0, R?=CH osin Y (If)
organic chromophores have long been recognizethébr ability * 3
to initiate photoredox catalysisDespite the significant advances h\f
in the field of photoredox catalysis, developmeift robust, O \
versatile and eco-friendly organic photocatalystsstill highly “
desirable. In this study, N-substituted-3(10H)-amnies la~f O
(Figure 1) are prepared as visible-light photogseress for clo,
organic photoredox catalysis.

Acr*-Mes (IV)

As part of our program to develop inhibitors of eigtic
enzymes, we became interested in  3-hydroxy-N-Result and Discussion
methylacridinium ion (ASOH) and its derivative$. This
compound could be synthesized according to theatitee
procedures. Interestingly, N-methyl-3(10H)-acridaje) ° was
obtained as an orange red solid whose structure wmférroed
by X-ray crystallography (see Supporting InformatidSl):
Figure S6). Given its unique chromophore structured a
photophysical properties (see Sl: Figures S2~5leEaBl~2), we
reasoned thala might find its utility as a visible-light organic
photocatalyst. To the best of our knowledge, theeereo any
reports concerning its applications in organic phedox
catalysis’

To test this hypothesis, photocatalytic oxidativeugling
reaction of N-phenyl tetrahydroisoquinoline 1a with
nitromethane was chosen as the model reaction (Tabkerstly,
different types of light sources were examined (estrl~5,
Table 1). To our delight, the desired prodBatwas obtained in
77% vyield after 7 h of irradiation with blue LED abom
temperature (entry 2, Table 1). It was found thatréaction was
significantly affected by the volume of nitrometleatentries 8,
11, Table 1). A screening of solvents revealed MiaOH was
the best solvent allowing for production i in 82% yield (see
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in the supporting information). The catalyst loadimso had a

26 @) blue 1 5 100 85

significant impact on the reaction. While 1~5 mol @atalyst
loading afforded good product yields and appropriggaction
speed (entries 8, 12, 13, Table 1), 0.01~0.001 ¥hatatalyst
loading resulted in decreased reaction speed amgecsion rate
(entries 15, 16, Table 1). Surprisingly, TON (turnomember)
and TOF (turn over frequency) td could reach approximately

#Conditions:1a (0.25 mmol),2a, catalystla, solvent (total solution
volume 2.5 mL), air, r.t., blue LED irradiation (W= 450+10 nm).

b Conversion rate was determined bjH-NMR, 1,1,2,2-
tetrachloroethane as internal standartsolated yields after column
chromatography?® Reaction was run under nitrogen atmospFere.
Reaction was run under oxygen atmosphkeReaction was run in

79000 and 3950'h respectively (entry 16, Table 1). The reactionthe dark? One equivalent of TEMPO was added.

proceeded very poorly in the absence of air (eh&yTable 1),
indicating the critical role of oxygen. When theacgon was run
under an oxygen atmosphere, the reaction proceestgdast at
the early stage, however, the overall conversioe was not as
good as with using air (entries 8, 19, Table 1). Nigtathe
reaction did not take place at all in the dark fg20, Table 1).
The photocatalyst was also required for efficienhvewsion
(entry 17, Table 1). To investigate the photocdialy
reactivity—structure relationship of acridones, aries of
acridones la~f (Figure 1) were synthesized following the

Next, we wanted to compare acridofge with the common
photoredox catalysts, including Eosin Y1)(** Rose Bengal
(1), Acr'-Mes (V),*° TPP ¥),* and [Ru(bpyjCl,.**" As
shown in Table 2, photocatalytic reaction of N-pHeny
tetrahydroisoquinoline with nitromethane was runhia presence
of various photocatalysts. LED with different colwas used to
match the maximum absorption wavelength of eacHysatalo
our delight, under the same reaction condititm,(1 mol%)
showed the best photocatalytic capability, enabkmgalmost
complete conversion after 6 h (entry 1, Table 2)ilevhcr’-Mes

H 11 . 3
literature procedure$™ (see SI: Scheme S1 and experlmental(lv) induced only 81% conversion (entry 4, Table 2).iE¥s(1l)

section). To compare the photocatalytic efficiemdyla~f, the
CDC reaction ofLa with nitromethane was carried out (Table 1).
Notably, all the acridones tested were efficient pbatalyts for
this CDC reaction, leading to a complete conversighin 7.5 h.
Acridonela exhibited almost the same reactivity with (entries
8 and 22, Table 1), indicating the negligible effeaused by
different N-substituted groups. Acridonkesandld with 6-Cl or
7-Cl substitution showed obviously decreased reactiate
(entries 23 and 24, Table 1), implying that elettvwdthdrawing
groups might have negative effect on the photogitahctivity.
On the other hand, the introduction of a methoxypenzyloxy
group at the 6 position de or If resulted in an increase in
photocatalytic efficiency (entries 25 and 26, Tab)eindicating
that electron-donating substituents on the benzememay be
favorable for the photocatalytic activity. Togetherarious
acridones represent a new class of robust and wir@ighnic
photoredox catalysts. Finally, acridos@ was found to be a

and Rose Bengal ll[) showed moderate activity for
photocatalysis (entries 2 and 3, Table 2). TRP Was a weak
catalyst for this reaction with only 46% conversitentry 5,
Table 2). NotablyJa had a slightly higher conversion rate than
[Ru(bpy}]Cl, (entry 6, Table 2). Together, in this context,
acridonela was more efficient than the common photocatalyst
such as [Ru(bpy)Cl,and Aci-Mes (V). It is worth noting that

la has a very good water-solubility, thus allowing fgreen
chemical applications with using water as a solvent.

Table 2. Comparison of Acridone la with Common

Photocatalysts®

O

1a

MeNO; (2a), catalyst (1 mol%)

e,
\@ MeOH, rt, air, LED N\@
O5N

3a

novel and highly efficient organic photoredox cgsal LED  time  conversion yield
gnly g p entry catalyst color () (%)° (%)
Table 1. Photocatalytic Reaction of N-phenyl 1 la blue 6 99 97
Tetrahydroisoquinoline with Nitromethane ? 2 1l green 6 56 54
3 Il green 6 58 56
©© MeNO, (2a), catalyst la 4 vV blue 6 81 74
N solvent, rt, air, LED N 5 \Y blue 6 46 41
AN 6 [Ru(bpy}]Cl, blue 6 95 95
1a 7" 3a & Conditions:1a (0.25 mmol),2a (1 mL), catalyst (1 mol%), MeOH
entry la LED 2a time conv. yield (1.5 mL), air, r.t., LED irradiation®¢ Conversion rate and yields
(mol%) Color (mL) (h) %) (%) were determined byH-NMR, 1,1,2,2-tetrachloroethane as internal
1 1 white 0.5 7 96 70 standard
2 1 blue 0.5 7 99 77 '
2 i grrggn g? 77 ﬁ% 586 Scheme 1. The Substrate Scope of Coupling Reactioattveen N-
5 1 yellow 05 7 <10 6 Aryl Tetrahydroisoquinolines with Various Nucleophiles.
6 1 blue 0.1 6 91 61
7 1 blue 0.5 6 94 72
8 1 blue 1 6 100 82
9 1 blue 15 6 96 68
10 1 blue 2 6 97 66
11 1 blue 2.4 6 88 58
12 5 blue 1 45 100 79
13 2 blue 1 5 100 74
14 0.1 blue 1 11 100 -
15 0.01 blue 1 20 94 -
16 0.001 blue 1 20 79 -
17 0 blue 1 20 56
18¢ 1 blue 1 6 31 -
19¢ 1 blue 1 6 93 -
20' 1 - 1 6 0 -
219 1 blue 1 6 24 -
22 Ib (1) blue 1 6 100 80
23 Ic (1) blue 1 7 100 82
24 Id (1) blue 1 75 100 77
25 le (1) blue 1 5 100 78
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3a (6h, 82%)
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Br
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O N ©Q ©Q
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ORI NSNS
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\ \

Cl
3m (7h, 86%) 3n (11h, 78%) 3o<10h 45%) ) 3p (6h81%)
NuH (2a"‘@: CH3N02 (2a), CH3CH2N02 (2b), CHg(CHﬂzNOZ (20),
Dimethyl malonate Zd); Diethyl malonate Z¢e); Dimethyl
phosphonate2f); Diethyl phosphonate2().

%Conditions:1 (0.25 mmol),2 (1 mL), catalysta (1 mol%), MeOH
(1.5 mL), air, r.t., blue LED irradiatiofi.Isolated yields after column
chromatography.

With the optimal reaction conditions established, fugther
examined the substrate scope of the oxidative aogipkaction
of N-aryl tetrahydroisoquinolineka~f with various nucleophiles
2a~g in the presence of photocatalykt. Various N-aryl
tetrahydroisoquinolines underwent smooth reactionsth wi
nitromethane to afford the corresponding produ8esf in
45~82% vyields (Scheme 1). It seems that electrovatiing
groups are favorable for this reactioBf)( while electron-
withdrawing groups are not3ly, 3c). Reaction ofla with
nitroethane or 1-nitro-propane ga8g (26%) or3h (43 %) in
low vyields, respectively. To further explore the stuéte scope,
other nucleophiles such as dimethyl malona2el),( diethyl
malonate 2e), dimethyl phosphonate 2f) and diethyl
phosphonate2@) were examined. Reaction @& with 2d or 2e

afforded3i or 3j in moderate yields, respectively. Reaction of N-

aryl-tetrahydroisoquinolinesa~e with dialkylphosphonate®f~g
yieldeda-amino phosphonate&k~3p in moderate to good yields.

ey

Scheme 2. Gram-Scale Reaction

e

1a(1g) 3a (0.94 g)
To demonstrate the practical utility of photocasélla, a
gram-scale reaction (1.0 g) was carried out (Sch2meThus,
under the irradiation with blue LED, reaction df with

MeNO,, la (1 mol%)

MeOH, rt, air, blue LED
15 h, 73%

3

Radical anion B is then oxidized by © to allow for
regeneration ofla for the next catalytic cycle. Meanwhile,
superoxide radical anion ,O is formed, which abstracts
hydrogen radical fromA to afford iminium cationC together
with hydroperoxide anion HOODeprotonation of nitromethane
by hydroperoxide anion yields nitromethane anion,ictvh
undergoes nucleophilic attack@tto give3a.

To validate the reaction mechanism, one equivaleht
(2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO) waslded to
the reaction, leading to only 24% conversion ragentry 30
Table 1). This suggests that the reaction shouddgad through
a radical process. Furthermore, to identify if loghn abstraction
was a rate-limiting step, we carried out deuteriurpegiments
with using deuterated N-phenyl tetrahydroisoquireia’) *°
a substrate (Scheme 4). Thus, three reactions t{egsai~iii)
were performed with usinga (0.25 mmol),1a’ (0.25 mmol), and
la (0.125 mmol) plusla’ (0.125 mmol)as the substrates,
respectively. As expected, reaction b& with nitromethane
(equation i) proceeded quickly and smoothly to ecéi
completion in 6 h. Reaction dfa’ with nitromethane (equation
i), however, underwent much slowly to take 12 h famoaplete
conversion. Reaction dfa plus1a’ with nitromethane (equation
iii) was stopped after 5 h, and after removal of $b&vents, fast
column chromatography provided a mixture of prodz and
3a’. 'H-NMR analysis of this product mixture revealed that
production of3afrom 1awas much more than production 34’
from la’, and the calculated #K, value was 1.65 (see Sl
Figure S7). This demonstrates that the reactiom o&tla’ was
much slower than that dfa under the same condition, implying
that hydrogen abstraction of the radical catfoto form iminium
cationC should be a rate-limiting step (Scheme 3).

Scheme 3. Proposed Mechanism

H0, HOO™

CH3NO,

nitromethane in the presencelaf(1 mol%) in methanol for 15 h Blue LED™ .

gave3ain 73% yield and 100% conversion. O 0,
On the basis of our experimental results and theralitire FZ

reportst*”®° a plausible mechanism for acridone-mediated la

photocatalytic cross-dehydrogenative-coupling (CEezction is
proposed (Scheme 3Blue LED irradiation of acridonda
provides the excited intermedial@* with enhanced oxidative

Scheme 4. Deuterium Experiment for Determination of a

ability. Oxidation ofla by la* via a single electron transfer (SET) Rate-Limiting Step

process Yyields radical catioA together with radical aniom.
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MeNO,, la (1 mol%)

MeOH, rt, air, blue LED
6 h, 82% yield

(0 ©©“\©

1a (0.25 mmol)

[;[ N :
O,N
3a

(il QQ\, MeNO,, la (1 mol%) N
o’ D \© MeOH, rt, air, blue LED D\©
12h O,N
1a' (0.25 mmol) 3a'

Lol s

D" D
O,N

. 3a'

12'(0.125mmol)  MeNO,, la (1 mol%) a

+ +

MeOH, rt, air, blue LED
G,
N\© Kiy/Kp=1.65 N@
O,N
1a (0.125 mmol) 3a

Conclusion

In conclusion, we demonstrate that N-substituteddji
acridones represent assible-light photosensitizers for organic
photoredox catalysis. These acridones are highiigiesfit for
photocatalytic CDC reaction of N-aryl tetrahydroisowlines
with various nucleophiles. This catalyst is stabid aan be cost-
effectively prepared. It has a high atom-economg angood
water-solubility, and thus holds promise for gredmerical
applications. Mechanistic study results supporingls electron
transfer (SET)-induced radical process, during whighrogen
abstraction of the radical cation by superoxideicadanion
might be a rate-limiting step. Preliminary analysi§ the
photocatalytic reactivity—structure relationshipogls that the
acridones are robust and tunable photocatalystsithétu
development of the acridone class of photosensitizend
exploration their applications in organic synthesand
photodynamic therapy (PDT) are undergoing in obotatory.

Experimental Section

ook, f 5
O HN O _Cu KOy @/NU"\ Eston'sacid L@ ~
R1_:c( + \Cr Pentanol, reﬂuxR & 50°C,8h Z
COOH )
)

R? _
1) LiAIH,, Et,0 o o
then toluene, reflux . " NS Ol R, DMF R
——— Ry ——Rq _|
2) FeCly, EtOH, NF 45°C,24h
50°C

R2

!

N 0

R N

LA
la: R'=H, R2=CHj
Ib: R'=H, R%=Bn
le: R'=6-Cl, R?=CH3
Id: R'=7-Cl, R?=CH
le: R'=6-CH;0, R%=CHj
If: R'=6-BnO, R?=CHj

2-((3-methoxyphenyl)amino)benzoic acid (6a)

1) 45% HI
N 125°C, 34 h
)

2) NaHCO5

An oven-dried Schlenk tube equipped with a magnéeiticrey
bar was charged witha (20 g, 128 mmol), Cu powder (0.658 g,
10.3 mmol), KCO; (20 g, 145 mmol), and (16.8 mL, 135
mmol). The tube was evacuated and backfilled wittormrdpree
times, and then anhydrous degassed pentanol (170 wak
added under a stream of nitrogen by syringe at reonperature.
The tube was sealed, stirred, and heated to 140r°24fh. After
being cooled to room temperature, the mixture wasgetl with
100 mL water and acidfied with 2N HCI to pH = 3. The emus
phase was extracted 200 mL &H, (DCM) three times. The
combined organic phase was washed with water (20 @)Land
dried over NaSQ,, filtered, and concentrated under vacuum. The
residue was purified by flash chromatography oraitiel using
petroleum ether/EtOAc/AcOH (200:10:0.2) as the eluemt t
afford the product as a brown solid (27 g, 87% yield NMR
(500 MHz, CDC}) 8 9.30 (s, 1H), 8.04 (dl = 7.9 Hz, 1H), 7.36
(t,J=7.7 Hz, 1H), 7.27 (m, 1H), 6.87 @z= 7.9 Hz, 1H), 6.82 (s,
1H), 6.77 (t,J = 7.5 Hz, 1H), 6.68 (dJ = 8.2 Hz, 1H), 3.82 (s,
3H); ESI MSm/z242.1 [M-H].

3-methoxyacridin-9(10H)-one (7a) and 1-methoxy-9-ax
9,10-dihydroacridin-2-ylium (isomer)

An oven dried flask was charged with PPA (111 g, 32%itjm
and 6a (20 g, 82.2 mmol). The flask was evacuated and
backfilled with argon three times. The mixture waathd to 110
°C for 3 h. After being cooled to room temperatubes mixture
was diluted with 100 mL water and stirred for 30 mirhe
solution was neutralized with NaOH to pH = 8 and theerd.
The combined solid was washed with water and ethylr dthe
afford a pale yellow solid7@ and its isomer, 18 g, 97% vyield).
isomer. '"H NMR (300 MHz, DMSO-g) 5 11.59 (s, 1H), 8.16 (dd,
J=18.0, 8.5 Hz, 2H), 7.68 {,= 7.6 Hz, 1H), 7.48 (d] = 8.3 Hz,

'H and **C NMR spectra were recorded on an ACF* 300Q1H), 7.22 (tJ = 7.5 Hz, 1H), 6.95-6.58 (m, 2H), 3.89 (s, 3/AX;

Bruker or ACF* 500Q Bruker spectrometer. Low- and hhig
resolution mass spectra (LRMS and HRMS) were recoided
electron impact mode. The mass analyzer type usecdthie

'H NMR (300 MHz, DMSO-¢) & 11.41 (s, 1H), 8.12 (d = 7.7
Hz, 1H), 7.64 (tJ) = 7.1 Hz, 1H), 7.56 (1] = 8.2 Hz, 1H), 7.42 (d,
J=8.2 Hz, 1H), 7.18 (1] = 7.5 Hz, 1H), 7.02 (d] = 8.3 Hz, 1H),

HRMS measurements was TOF. Reactions were monitored [8/68 (d,J = 8.1 Hz, 1H), 3.85 (s, 3H); ESI M&z224.1 [M-H].

TLC on silica gel 60 F254 plates (Qingdao Ocean Cbaimi
Company, China). Column chromatography was carrigdoo
silica gel (200-300 mesh, Qingdao Ocean Chemical Gomp

3-methoxyacridine (8a)

7a and its isomer (18 g, 80 mmol) was dissolved in &80

China). Data fofH NMR are recorded as follows: chemical shift ethyl ether and cooled to 0 °C. LiAJH12.5 g, 400 mmol) was

(8, ppm), multiplicity (s = singlet, d = doublet, ttriplet, m =
multiplet or unresolved, br = broad singlet, congliconstant (s)
in Hz, integration). Data foF'C NMR are reported in terms of

added slowly to the solution. After stirring for 3 the mixture
was diluted with 180 mL toluene and heated to 1132 h.
After cooling to 0 °C, the mixture was diluted with eaand

chemical shift § ppm). Commercially available reagents andthen filtered. The filtrate was collected and exedcwith 5

solvents were used without further purification. diiegion with
blue light was performed using high-power LEDs (6% =
450£10 nm, 1 m).

Synthesis of N-methyl-3(10H)-acridone (1a)

portions of 100 mL DCM. The combined organic phases w
washed with brine, dried with N80, and concentrated in vacuo.
The residue was dissolved in 300 mL ethanol and BOmater
and anhydrous Feg(39 g, 240 mmol) was added. The mixture
was heated to 50 °C for 30 min and then the solwvesd
evaporated. The residue was neutralized with 10% NaHCO
solution and then filtered. The solid was washed \R@M and

the organic phase was collected. The aqueous phase w
extracted with three portions of 100 mL DCM. The camed
organic phase was washed with brine, dried withSa and
concentrated in vacuo. The residue was purified laghf



chromatography on silica gel usingpetroleum ethérAe (50:1)
as the eluent to afford the product as a yellowds@.0 g, 24%
yield). 'H NMR (300 MHz, CDC}) & 8.64 (s, 1H), 8.18 (d] =
8.7 Hz, 1H), 7.94 (d) = 8.4 Hz, 1H), 7.84 (d] = 9.2 Hz, 1H),
7.76 (t,J=7.6 Hz, 1H), 7.48 (1 = 7.2 Hz, 2H), 7.20 (dd| = 9.2,
1.9 Hz, 1H), 4.00 (s, 3H); ESI M®&z 232.1 [M+Na].

3-methoxy-10-methylacridin-10-ium iodide (9a)

8a (1.5 g, 7.2 mmol) and GH (2.68 mL, 43 mmol) was
dissolved in 50 mL DMF. The mixture was heated tc®G0for
28 h. After cooling to room temperature, the migtwas filtered.
The solid was collected and washed with DCM and egktyér.
The residue was dried to afford the product as lawedolid (1.6
g, 64% yield)."H NMR (300 MHz, DMSO-¢) & 9.89 (s, 1H),
8.66 (d,J = 9.3 Hz, 1H), 8.51 (&) = 8.9 Hz, 2H), 8.40-8.28 (m,
1H), 7.94 (t,J = 7.5 Hz, 1H), 7.78 (s, 1H), 7.66 @= 9.2 Hz,
1H), 4.71 (s, 3H), 4.21 (s, 3H); ESI MSz224.1 [M-IT";

10-methylacridin-3(10H)-one (la)
9a (1.4 g, 4.0 mmol) and HI (45% aqueous solutionnal])

5
133.29, 132.85, 131.35, 128.90, 126.54, 124.843822417.71,
100.63, 35.05; ESI MSnwz 244.1 [M+H]; HRMS (ESI) for
C1H1,CINO [M+H]" calcd 244.0529, found 244.0533.

Synthesis of 6-Methoxy-N-methyl-3(10H)-acridone (le)

A mixture of9c (3.5 g, 9.08 mmol), pyridine (17 mL) and acetic
acid (50 mL) was stirred at 10T for 24 h. After cooling to
room temperature, the excessive solvents were eatgubunder
reduced pressure. The residue was basified slowly waith
agueous saturated sodium bicarbonate solution (40tonpH =
7-8, then MeOH (100 mL) was added and filtered. Therfivas
concentrated in vacuo. The crude product was swdgetd
column chromatography (GBIl,: MeOH = 25: 1) to givde as
an orange yellow solid (2.0 g, 92% yield NMR (300 MHz,
CD;0D) & 8.21 (s, 1H), 7.67 (dl = 8.9 Hz, 1H), 7.48 (d] = 9.2
Hz, 1H), 6.98 (dJ = 7.9 Hz, 2H), 6.74 (d] = 9.0 Hz, 1H), 6.39
(s, 1H), 3.97 (s, 3H), 3.77 (s, 3HJC NMR (75 MHz, CQOD) &
180.55, 164.78, 144.97, 141.18, 140.51, 132.66,7131126.05,
119.40, 116.22, 114.10, 98.85, 96.25, 54.85, 3EH;MSm/z
240.1 [M+H]; HRMS (ESI) for GsH.,NO, [M+H]" calcd

were heated to 125 °C for 24 h. After cooling to room240.1025, found 240.1026.

temperature, NaHCOsolid was added to neutralize the solution

to pH = 8. The aqueous solution was extracted witbrégns of

Synthesis of 6-Benzyloxy-N-methyl-3(10H)-acridone f)

50 mL DCM. The combined organic phase was washed wit@ompounde (1.1 g, 4.43 mmol) was dissolved in 45% aqueous
brine, dried with Ng5O, and concentrated in vacuo. The residueHI (45 mL, 274.67 mmol) and the resulting mixturesveirred at

was purified by flash chromatography on silica geling
DCM/MeOH (50:1) as the eluent to afford the produstam
orange solid (0.61 g, 63% yielth. NMR (300 MHz, CRQOD) &
8.44 (s, 1H), 8.05-7.78 (m, 3H), 7.64 ®= 9.3 Hz, 1H), 7.52-
7.38 (m, 1H), 6.83 (d] = 9.3 Hz, 1H), 6.42 (s, 1H), 3.91 (s, 3H);
*C NMR (75 MHz, CROD) & 182.43, 146.07, 141.02, 139.48,
134.11, 133.26, 130.48, 128.34, 123.33, 122.77,7121115.19,
99.03, 34.19; ESI M®vz 210.1 [M+H]; HRMS for G,H;;NO
[M+H] " cacld 210.0919, found 210.0912;

Synthesis of N-benzyl-3(10H)-acridone (Ib)

Following the procedure described for preparationiagfib
was obtained as an orange red solid (60 mg, 22%)yfel NMR
(300 MHz, CQOD) 6 8.64 (s, 1H), 7.98 (dl = 7.9 Hz, 1H), 7.74
(dd,J=11.6, 8.3 Hz, 3H), 7.43 3,= 7.2 Hz, 1H), 7.33-7.15 (m,
3H), 7.06 (dJ = 7.1 Hz, 2H), 6.84 (dJ = 9.2 Hz, 1H), 6.38 (s,
1H), 5.72 (s, 2H)**C NMR (75 MHz, CQOD) § 182.71, 146.05,
141.79, 139.57, 134.44, 134.13, 133.69, 130.74,8028.28.54,
127.50, 125.67, 123.69, 123.21, 121.90, 115.483499%51.01;
ESI MSmz 286.1 [M+H]; HRMS (ESI) for GHgNO [M+H]*
calcd 286.1232, found 286.1238.

6-Chloro-N-methyl-3(10H)-acridone (Ic)

Following the procedure described for preparationagfic
was obtained as an orange red solid (114 mg, 82%)yiel
NMR (300 MHz, CROD) $ 8.31 (s, 1H), 7.92-7.67 (m, 2H),
7.57 (d,J = 9.3 Hz, 1H), 7.33 (d] = 8.3 Hz, 1H), 6.76 (d] = 9.1
Hz, 1H), 6.32 (s, 1H), 3.81 (s, 3HJC NMR (75 MHz, CROD)

5 182.85, 152.45, 145.32, 139.50, 133.00, 131.28,2172 123.29,
122.57, 119.65, 114.53, 99.08, 33.85; ESIM38244.1 [M+HT;
HRMS (ESI) for GH;:CINO [M+H]" calcd 244.0529, found
244.0524.

7-Chloro-N-methyl-3(10H)-acridone (Id)

Following the procedure described for preparationapfid
was obtained as an orange red solid (84 mg, 73%)yidINMR
(300 MHz, DMSO-g) 6 8.26 (s, 1H), 7.93 (d] = 2.2 Hz, 1H),
7.83 (d,J=9.3 Hz, 1H), 7.70 (ddl = 9.2, 2.3 Hz, 1H), 7.57 (@,
= 9.5 Hz, 1H), 6.60 (d] = 9.4 Hz, 1H), 6.10 (s, 1H), 3.75 (s, 3H);
*C NMR (75 MHz, DMSO-¢) 5 182.85, 145.56, 138.43, 136.64,

reflux for 24 h. After cooling to room temperatuthe reaction
mixture was basified slowly with an aqueous saturaedium
bicarbonate solution to pH = 7-8 and extracted wittylbalcohol

(5 x 100 mL). The organic layer was washed with wated a
brine, dried over anhydrous p&0,, and concentrated in vacuo.
The crude product was subjected to column chromajdyr
(CH,CI,:MeOH = 25:1) to give the crude intermediat@ (about
900 mg). To a stirred mixture dfo (90 mg, 0.40 mmol) and
K,CO; (165 mg, 1.20 mmol) in DMF (4 mL) was added slowly
benzyl bromide (82 mg, 0.48 mmol). The reaction tor was
stirred at room temperature for 5 h. Then water (5 mas
added and the mixture was extracted with,Clsl(5 x 10 mL).
The organic layer was washed with water and brineddrier
anhydrous Nz50O,, and concentrated in vacuo. The crude product
was subjected to column chromatography {CkiMeOH = 30:
1) to givelf (64 mg, 46% yield)'*H NMR (300 MHz, CQOD) 5
8.26 (s, 1H), 7.73 (d] = 8.9 Hz, 1H), 7.57-7.46 (m, 3H), 7.45-
7.28 (m, 3H), 7.16 (s, 1H), 7.09 (ddi= 8.9, 2.0 Hz, 1H), 6.77
(dd,J = 9.2, 1.6 Hz, 1H), 6.41 (s, 1H), 5.26 (s, 2H), 38BH);
¥C NMR (75 MHz, CQOD) & 181.98, 164.08, 145.76, 141.61,
140.76, 136.05, 133.18, 132.25, 128.28, 127.95,4127127.07,
120.15, 116.74, 114.65, 99.41, 98.11, 70.36, 3E51;MSm/z
316.1 [M+H]; HRMS (ESI) for GH;gNO, [M+H]" calcd
316.1338, found 316.1345.

The typical procedure for synthesis and characteriation of
B-nitro amine derivatives 3a~h

In a 5 mL open snap vial equipped with magneticistrbar
the tetrahydroisoquinoline derivative(0.25 mmol, 1.0 eq.) and
N-methyl-3(10H)-acridone 14, 0.01 eq.) were dissolved in
nitroalkane 2 (1 mL) and methanol (1.5 mL). The resulting
mixture was irradiated with blue LEDs until the reantiwas
completed (monitored by TLC). The solvent was evafsat
under reduced pressure and the residue was pubfieflash
chromatography (petroleum ether/ethyl acetate 26000:1) to
give B-nitro amine derivativ® (43-82% yields).

1-Nitromethyl-2-phenyl-1,2,3,4-tetrahydroisoquinolire (3a)™*
55 mg, 82% vyield; Yellow oil{H NMR (300 MHz, CDCJ)): &
7.39-7.08 (m, 6H), 7.00 (d,= 7.8 Hz, 2H), 6.87 (tJ = 7.1 Hz,
1H), 5.57 (t,J = 7.0 Hz, 1H), 4.89 (ddJ = 11.3, 8.1 Hz, 1H),



6

458 (dd,J = 11.6, 6.6 Hz, 1H), 3.88-3.39 (m, 2H), 3.27-2.96
(m, 1H), 2.91-2.66 (mJ = 16.3 Hz, 1H);"®*C NMR (75 MHz,
CDCl): & 148.48, 135.31, 133.00, 129.54, 129.22, 128.15
127.04, 126.74, 119.50, 115.19, 78.84, 58.23, 426653.

2-(4-Fluorophenyl)-1-nitromethyl-1,2,3,4-tetrahydrdsoquino

line (3b)*33 mg, 46% vyield; Yellow oil’'H NMR (300 MHz,
CDCly) 6 7.35-7.11 (m, 4H), 7.03-6.83 (W= 14.2, 6.8 Hz, 4H),
5.44 (dd,J = 8.1, 6.2 Hz, 1H), 4.84 (dd,= 11.9, 8.6 Hz, 1H),
4.57 (dd,J = 12.0, 5.9 Hz, 1H), 3.72-3.48 (m, 2H), 3.11-2.96 (m,
J = 15.8, 7.8 Hz, 1H), 2.73 (di,= 16.5, 4.1 Hz, 1H)**C NMR
(75 MHz, CDC}) & 157.21 (d,J = 239.2 Hz), 145.32, 135.24,
132.62, 129.43, 128.09, 126.94, 126.76, 117.99 &l,7.6 Hz),
115.86 (d,J = 22.3 Hz), 78.88, 58.73, 42.90, 25.8% NMR
(282 MHz, CDC}) & -98.16.

2-(4-Chlorophenyl)-1-nitromethyl-1,2,3,4-tetrahydroso
quinoline (3c)** 43 mg, 57% yield; Yellow oil’H NMR (300
MHz, CDCk) & 7.35-7.04 (m, 6H), 6.90 (d,= 9.0 Hz, 2H), 5.49
(t, J=7.2 Hz, 1H), 4.85 (dd] = 11.9, 8.1 Hz, 1H), 4.57 (dd,=
11.9, 6.3 Hz, 1H), 3.73-3.55 (m, 2H), 3.19-2.96 (m, ,1HY5-
2.57 (m, 1H);"®*C NMR (75 MHz, CDCJ) & 147.15, 135.06,
132.54, 129.33, 129.30, 128.25, 126.97, 126.83,4124.16.56,
78.69, 58.21, 42.26, 26.21.

2-(4-Bromophenyl)-1-nitromethyl-1,2,3,4-tetrahydroso
quinoline (3d)**63 mg, 73% yield; Brown yellow oifH NMR
(300 MHz, CDCJ) 5 7.35 (d,J = 9.0 Hz, 2H), 7.30-7.08 (m, 4H),
6.85 (d,J = 9.0 Hz, 2H), 5.49 (tJ = 7.2 Hz, 1H), 4.84 (dd] =
11.9, 8.0 Hz, 1H), 4.57 (dd,= 11.9, 6.4 Hz, 1H), 3.75-3.50 (m,
2H), 3.21-2.94 (mJ = 14.8, 7.2 Hz, 1H), 2.88-2.62 (= 16.4,
4.8 Hz, 1H);®C NMR (75 MHz, CDC}) & 147.52, 135.04,
132.49, 132.25, 129.29, 128.29, 126.98, 126.85,8216.11.61,
78.64,58.12, 42.14, 26.23.

2-(4-Methylphenyl)-1-nitromethyl-1,2,3,4-tetrahydraiso
quinoline (3e)*32 mg, 45% yield; Yellow oil;H NMR (300
MHz, CDCk) & 7.31-7.12 (m, 4H), 7.09 (d,= 8.3 Hz, 2H), 6.90
(d,J = 8.5 Hz, 2H), 5.51 (1) = 7.1 Hz, 1H), 4.86 (dd] = 11.8,
8.0 Hz, 1H), 4.56 (dd) = 11.8, 6.4 Hz, 1H), 3.84-3.46 (m, 2H),
3.20-2.97 (m, 1H), 2.76 (df, = 16.4, 4.4 Hz, 1H), 2.27 (s, 3H);
®¥C NMR (75 MHz, CDCJ) & 146.42, 135.35, 133.03, 129.98,
129.27, 129.16, 128.00, 126.97, 126.63, 115.98377858.40,
42.39, 26.30, 20.33.

6,7-Dimethoxy-1-nitromethyl-2-phenyl-1,2,3,4—tetrahgroiso
quinoline (3f)"*66 mg, 80% yield; Yellow oilH NMR (300
MHz, CDCk) & 7.27 (t.J = 8.0 Hz, 2H), 6.98 (d] = 8.2 Hz, 2H),
6.85 (t,J = 7.3 Hz, 1H), 6.63 (d] = 12.4 Hz, 2H), 5.47 (1= 7.1
Hz, 1H), 4.85 (dd,J = 11.8, 8.0 Hz, 1H), 4.57 (dd,= 11.8, 6.4
Hz, 1H), 3.86 (s, 3H), 3.85 (s, 3H), 3.75-3.63 (m, 13§2-3.47
(m, 1H), 3.16-2.81 (m, 1H), 2.68 (di,= 16.1, 4.5 Hz, 1H)"*C
NMR (75 MHz, CDC}) & 148.81, 148.61, 147.77, 129.44,
127.43, 124.60, 119.58, 115.55, 111.78, 109.69797/857.97,
56.08, 55.91, 42.08, 25.83.

1-(1-Nitro-ethyl)-2-phenyl-1,2,3,4-tetrahydroisoquiroline
(39)"* A mixture of the two diastereoisomers. 18 mg, 26%dyie
1.5:1 dr; Yellow oil;"H NMR (300 MHz, CDC}) 5 7.35-7.10 (m,
5.2H), 7.09-6.97 (m, 2.4H), 6.90-6.82 (m, 0.8H), 55334 (m,
1H), 5.14-5.01 (m, 0.6H, major isomer), 4.98-4.86 (wH,
minor isomer), 3.93-3.80 (m, 0.7H), 3.68-3.51 (n§H), 3.15-
3.01 (m, 1.1H), 3.00-2.84 (m, 1.1H), 1.73 {d+ 6.8 Hz, 1.2H,
minor isomer), 1.57 (dJ = 6.6 Hz, 2.1H, major isomer}’C
NMR (75 MHz, CDC}, minor isomer marked*)s 149.21*,
148.93, 135.65, 134.83%, 133.86*%, 132.07, 129.4899.33
(major and minor isomers), 129.13* 128.75*, 128.328.22,
127.28*, 126.60*, 126.15, 119.35, 118.82*, 115.464.55%,
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88.96*, 8547, 62.77, 61.19*, 43.56* 42.70, 26.7/26.41,
17.42*,16.40.

1-(1-Nitro-propyl)-2-phenyl-1,2,3,4—tetrahydroisoqunoline
(3h)*® A mixture of two diastereoisomers: 32 mg, 43% yield,
2.0:1 dr; Yellow oil;"H NMR (300 MHz, CDCJ): § 7.39-7.10
(m, 5H), 7.06-6.92 (m, 2H), 6.90-6.78 (m, 1H), 5.27 J& 9.2
Hz, 0.3H, minor isomer), 5.17 (dl = 9.5 Hz, 0.6H, major
isomer), 5.01-4.80 (m, 0.6H, major isomer), 4.80¢4(%, 0.3H,
minor isomer), 4.08-3.43 (m, 2H), 3.26-2.75 (m, 2Ri}8-1.70
(m, 2H), 1.09-0.87 (m, 3H)°C NMR (75 MHz, CDC} minor
isomer marked*)3 149.09, 149.01*, 135.55, 134.69* 133.91*,
132.57, 129.41, 129.31, 129.17 (major and minoM&S),
128.66, 128.59* 128.21* 128.16, 127.22* 126.6125.89
(major and minor isomers), 119.39, 118.59*, 115.8%4.16*,
96.14*, 93.05, 62.18, 60.70*, 43.53* 42.34, 26.8D5.74,
24.98*, 24.60, 10.66 (major and minor isomers).

The typical procedure forsynthesis and Characterizabn of
B-diester Amine Derivatives 3i and 3j

In a 5 mL open snap vial equipped with magnetigisgrbar 2-
phenyl tetrahydroisoquinolinéa (0.25 mmol, 1.0 eq), dialkyl
malonates2d~e (5 equiv.), and N-methyl-3(10H)-acridonka (
0.01 equiv.) were dissolved in methanol (2.5 mL)e Tasulting
mixture was irradiated with blue LED until the reantiovas
completed (monitored by TLC). The solvent was evafsa
under reduced pressure and the residue was pubfieflash
chromatography (petroleum ether/ethyl acetate 26000:1) to
give B-diester amine derivativeli~j (57-68% vyields).

2-(2-Phenyl-1,2,3,4-tetrahydroisoquinolin-1-yl)-mabnic acid
dimethyl ester (3i)**

58 mg, 68% yield; Pale yellow dii NMR (300 MHz, CDCJ) &
7.32-7.07 (m, 6H), 6.99 (d, = 8.1 Hz, 2H), 6.77 (t) = 7.2 Hz,
1H), 5.71 (dJ = 9.3 Hz, 1H), 3.95 (d] = 9.3 Hz, 1H), 3.81-3.60
(m, 5H), 3.55 (s, 3H), 3.08 (ddd= 15.5, 8.7, 6.5 Hz, 1H), 2.88
(dt, J = 16.5, 5.1 Hz, 1H)**C NMR (75 MHz, CDCJ)  168.24,
167.37, 148.76, 135.65, 134.75, 129.07, 128.93,5827.27.02,
126.00, 118.60, 115.19, 59.08, 58.14, 52.48, 42614.

2-(2-Phenyl-1,2,3,4-tetrahydroisoquinolin-1-yl)-mabnic acid
diethyl ester (3j)*®

51 mg, 57% yield; Light brown oifH NMR (300 MHz, CDC})

8 7.35-7.10 (m, 6H), 7.01 (d,= 8.3 Hz, 2H), 6.86-6.68 (m, 1H),
5.76 (d,J = 9.1 Hz, 1H), 4.30-3.98 (m, 4H), 3.93 (= 9.1 Hz,
1H), 3.79-3.59 (m, 2H), 3.19-3.00 (m, 1H), 2.99-2.8Q (H),
1.20 (t,J = 7.1 Hz, 3H), 1.12 (&) = 7.1 Hz, 3H);"*C NMR (75
MHz, CDC}L) & 167.88, 167.07, 148.82, 135.92, 134.77, 129.00,
128.81, 127.44, 127.12, 125.93, 118.39, 115.04485159.50,
57.82, 42.24, 26.10, 13.85, 13.80.

The typical procedure for synthesis and characteriation of
a-amino Phosphonates 3k~p.

In a 5 mL open snap vial equipped with magnetiaisgr bar
tetrahydroisoquinoline derivativé (0.25 mmol, 1.0 equiv.) and
N-methyl-3(10H)-acridoneld, 0.01 equiv.) were dissolved in
dialkylphosphonate2 (1 mL) and methanol (1.5 mL). The
resulting mixture was irradiated with blue LEDs untile
reaction was completed (monitored by TLC). The suiweas
evaporated under reduced pressure and the resicu@uwified
by flash chromatography (petroleum ether/ethyl aeet50:
1~5:1) to given-amino phosphonate&k~p (45-86% yields).

1-Phenyl-2-dimethylphosphonate-1,2,3,4-tetrahydrocs
quinoline (3k)*®



63 mg, 79% yield; White solidH NMR (300 MHz, CDCY) &
7.37 (d,J = 6.2 Hz, 1H), 7.27 (t} = 7.9 Hz, 2H), 7.22-7.12 (m,
3H), 6.98 (dJ = 8.3 Hz, 2H), 6.82 (t) = 7.2 Hz, 1H), 5.21 (d]

= 20.0 Hz, 1H), 4.03 (ddd} = 13.1, 8.4, 5.0 Hz, 1H), 3.71-3.59
(m, 7H), 3.15-2.92 (m, 2H)**C NMR (75 MHz, CDC)) &
149.24 (d,J = 5.9 Hz), 136.40 (dJ = 5.6 Hz), 130.41, 129.23,
128.82 (dJ = 2.6 Hz), 127.93 (d] = 4.7 Hz), 127.52 (d] = 3.5
Hz), 126.03 (d,J = 2.9 Hz), 118.66, 114.77, 58.73 (= 159.3
Hz), 53.88 (dJ = 7.1 Hz), 52.90 (dJ = 7.7 Hz), 43.54, 26.66;
¥p NMR (121 MHz, CDG)) § 24.50.

1-(4-Fluorophenyl)-2-dimethylphosphonate-1,2,3,4—
tetrahydroisoquinoline (3I)

48 mg, 57% yield; White solidH NMR (300 MHz, CDC)) 6

7.38-7.31 (m, 1H), 7.28-7.09 (m, 3H), 7.01-6.84 (i),%.07 (d,
J = 20.3 Hz, 1H), 4.08-3.92 (m, 1H), 3.65 (d= 10.5 Hz, 6H),
3.59-3.48 (m, 1H), 3.06-2.93 (m, 2H}’C NMR (75 MHz,
CDCl) & 156.57 (dJ = 238.2 Hz), 146.02 (dd,= 7.0, 2.0 Hz),
136.23 (d,) = 5.8 Hz), 130.49 (d] = 52.0 Hz), 128.87 (d} = 2.6
Hz), 127.95 (dJ = 4.6 Hz), 127.55 (d] = 3.6 Hz), 126.07 (d] =

2.8 Hz), 116.68 (dJ = 7.5 Hz), 115.72, 115.43, 59.28 (=

159.0 Hz), 53.79 (dJ = 7.2 Hz), 52.89 (dJ = 7.6 Hz), 44.38,
26.41;"F NMR (282 MHz, CDCJ)) 5 -99.72;*'P NMR (121
MHz, CDCkL) & 24.34; HRMS (ESI) for GH;FNN,OsP

[M+Na]" calcd 358.0979, found 358.0983.

1-(4-Chlorophenyl)-2-dimethylphosphonate-1,2,3,4—
tetrahydroisoquinoline (3m)*

76 mg, 86% yield; white solidH NMR (300 MHz, CDCJ) &
7.45-7.31 (m, 1H), 7.29-7.10 (m, 5H), 6.91 Jds 9.0 Hz, 2H),

5.14 (d,J = 19.3 Hz, 1H), 4.05-3.89 (m, 1H), 3.72-3.49 (m, 7H),

3.23-3.08 (m, 1H), 3.07-2.91 (m, 1H}*C NMR (75 MHz,
CDCly) & 147.75 (dJ = 5.2 Hz), 136.23 (d] = 5.6 Hz), 130.14,
129.00, 128.74 (d] = 2.6 Hz), 127.93 (d] = 4.8 Hz), 127.71 (d,
J=3.6 Hz), 126.16 (d] = 2.8 Hz), 123.38, 115.71, 58.72 (&5
159.7 Hz), 53.78 (dJ = 7.2 Hz), 52.98 (dJ = 7.7 Hz), 43.77,
26.79;*P NMR (121 MHz, CDG) § 24.16.

1-(4-Bromophenyl)-2-dimethylphosphonate-1,2,3,4—
tetrahydroisoquinoline (3n)'°

77 mg, 78% vyield; white solidH NMR (300 MHz, CDCJ) &
7.39-7.28 (m, 3H), 7.29-7.13 (m, 3H), 6.86 Jds 9.0 Hz, 2H),

5.14 (d,J = 19.1 Hz, 1H), 4.06-3.88 (m, 1H), 3.72-3.47 (m, 7H),

3.24-3.07 (m, 1H), 3.07-2.90 (m, 1H}’C NMR (75 MHz,
CDCl) & 148.13 (dJ = 5.1 Hz), 136.22 (d] = 5.5 Hz), 131.89,
130.13, 128.72 (d] = 2.7 Hz), 127.92 (d] = 4.8 Hz), 127.74 (d,
J=3.5Hz), 126.18 (d] = 2.7 Hz), 116.08, 110.52, 58.61 (d=
159.7 Hz), 53.78 (dJ = 7.2 Hz), 53.00 (dJ = 7.7 Hz), 43.67,
26.83;*'P NMR (121 MHz, CDG) § 24.10.

1-(4-Methylphenyl)-2-dimethylphosphonate-1,2,3,4—
tetrahydroisoquinoline (30)°

37 mg, 45% vyield; white solid'H NMR (300 MHz, CDCJ) &
7.43-7.32 (m, 1H), 7.30-7.13 (m, 3H), 7.09 Jds 8.3 Hz, 2H),
6.90 (d,J = 8.5 Hz, 2H), 5.17 (d] = 20.7 Hz, 1H), 4.11-3.95 (m,
1H), 3.76-3.55 (m, 7H), 3.08-2.92 (m, 2H), 2.28 (s, ;35¢
NMR (75 MHz, CDC}) & 147.25 (dJ = 7.1 Hz), 136.43 (d] =
5.6 Hz), 130.38, 129.75, 128.89 (M= 2.5 Hz), 128.21, 127.95
(d, J = 4.5 Hz), 127.43 (d) = 3.5 Hz), 125.99 (d) = 2.8 Hz),
115.33, 58.95 (d] = 159.4 Hz), 53.97 (dl = 7.2 Hz), 52.88 (d]

= 7.7 Hz), 43.90, 26.38, 20.27P NMR (121 MHz, CDG) &
24.54.

1-Phenyl-2-diethylphosphonate-1,2,3,4—
tetrahydroisoquinoline (3p)***°

7
70 mg, 81% vyield; Clear oilH NMR (300 MHz, CDCJ) &
7.38 (d,J = 6.0 Hz, 1H), 7.32-7.08 (m, 5H), 6.98 (b 8.2 Hz,
2H), 6.79 (t,J = 7.2 Hz, 1H), 5.19 (d) = 20.0 Hz, 1H), 4.17-
3.82 (m, 5H), 3.74-3.53 (m, 1H), 3.16-2.90 (m, 2HP51(t,J =
7.0 Hz, 3H), 1.14 (t) = 7.0 Hz, 3H);*C NMR (75 MHz, CDC})
8 149.34 (d,J = 12.7 Hz), 136.41 (d} = 5.6 Hz), 130.66, 129.09,
128.70 (dJ = 2.5 Hz), 128.10 (d] = 4.7 Hz), 127.38 (d] = 3.5
Hz), 125.82 (dJ = 2.8 Hz), 118.42, 114.76, 63.24 (= 7.2
Hz), 62.27 (d,J) = 7.7 Hz), 59.83, 57.72, 43.45, 26.73, 16.38 (t,
=5.9 Hz);*P NMR (121 MHz, CDG)) § 22.28.
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