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(A) Typical experimental procedure

To a Schlenk tube were addedsubstratesla (0.2 mmol), 2a (2 equiv)
Mn(OAC):¥ 2H.0 (3 equiv), andHOAc (2 mL), the tube was then charged with argon.
The mixture wasstirred at60 °C until complete consumption of starting material as
monitored by TLC anbr GC-MS analysis (aboufi2 h). After the reaction was
finished, the reaction mixture was concentrated in vacuum, and the resulting residue
was purified by silica gel column chromataghy (hexane/ethyl acetate) to afford the

desired producBaa.
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(a)General Procedures for the Synthesis of Substraté€$)
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According to a modified literature procedir@ mixture ofphenylhydrazine or

substitutedphenylhydrazine hydrochloride (11 mmol, 1.1 equiv.), ketone (10 mmol,
1.0 equiv.) and acetic acid (1L, 1.0 M) was heated to 120 € for 124 h in a 100

mL roundbottomed flask under NatmosphereThe reaction mixture wasooled to rt.
AcOH was removed by rotory evaporation and the residue psagoned between
water (50 mL) and EtOAc (20 mL). The organic and aqueous layers were
separated.The aqueous layer was extracted with EtOAc (20 mL x 2), and the
combined organic phaseas washedvith a saturated solution of sodium bicarbonate
(20 mL) and brine (20 mL), dried with M&Qs and thesolvent was evaporated. The
crude product was purified by column chromatography to afford the dgsioedct

indole S1.
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According to amodified literature procedutgto the solution of indol&1 (5 mmol,
1.0 equiv) andODMAP (1.0 mmol, 0.2 equiv) in DCM (0.5 M) was addedNE{(10
mmol, 2.0 equiv.) and methacryloghloride (10 mmol, 2.0 equiv) at €. The
solution was warmed up to roorenmiperature and stirred f@3 days. The mixture
was diluted with DCM (20 mL) and saturated MH solution (20 mL). The organic
and aqueous layers were separated. The aqueous layer was extracted with DCM (20
mL x 2 times). Thecombined organic layer was sl@ed with brine, dried over
Na:SQy , filtered and concentrated in vacuodioe a residue, which was purified by
flash chromatography and then recrystallized frorherane/EtOAc to afford the
productl.

(b) General Procedures for the Synthesis dbubstrates(4)

NH . N R
@[ 2 +R o O (from air) N\>_@R1 DCM, DMAP, Et;N @[ @ 1
NH ! MeOH (0.1M), RT N Methacryloyl chloride N
2 ) ' H )\(
S2 o
4

Blue LEDs

According to a modified literature proced&@ran open test tube equipped with a
magnetic stir bar washarged with ophenylenediamine (5.0 mmol, 1.0 equiv.). Then
MeOH (50 mL, 0.1 M) and an aldehyd®.25 mmol, 1.1 equiv.) were added. The
open test tube was placed under blue LEDs (7 W) and s&tmxbm temperature for
6i 24 h. Reaction progress was checked by thin layer chromatography (ThE).
reaction mixture was concentrated in vacuo, and theilmedazole §2) were purified
by recrystallization (with hot ethanol and water) or flash column chromatography.

According to a modified literature procedyreo the solution of benzimidazo&?

(5 mmol, 1.0 equiv.and DMAP (1.0 mmol0.2 equiv.) in DCM (0.5 M) was added

EtsN (10 mmol, 2.0 equiv.) anchethacryloyl chloride (10 mmol, 2.0 equiv.) atQ@.

The solution was warmed up to room temperaturd stirred for 1224 h. Reaction
progress was checked by thin layer chromatography YTTL8e mixture was diluted

with DCM (20 mL) and saturated NaHGQolution (20 mL). The organic and
aqueous layers were separated. The aqueous layer was extracted with DCM (20 mL x

2). The combinedrganic layer was washed with brine, dried over3@ , filtered
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and concentrated in vacuo to give rasidue, which was purified by flash

chromatography and then recrystallized frothaxane/EtOAc tafford the produch.
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(B) Analytical data
5-((Diphenylphosphoryl)methyl)-5-methyl-12-phenylindolo[2,1-a]isoquinolin-6(5
H)-one(3aa):

O 96.7 mg, 90% vyield; White solid; mp 200.9201.5 °C

2H), 7.097.03 (m, 3H), 6.9%.95 (m, 1H), 6.8%.86 (m,
1H), 3.823.77 (m, 1H), 3.08.04 (m, 1H), 1.79 (d] = 2.0 Hz, 3H); 13C NMR (125

(uncorrected)H NMR (500 MHz, CDCls) : 8152 (d,J =
N O 8.5 Hz, 1H), 7.657.61 (m, M), 7.5%7.47 (m, 5H),
N o]

'Fll_ph 7.437.38 (m, 3H), 7.35.29 (m, H), 7.23 (d,J = 4 Hz,
Ph

MHz, CDChk) : 172.1 (dJ = 2.6 Hz), 136.1 (d) = 2.4Hz), 134.1, 134.0, 133.4 (d,

= 98.9 Hz), 132.0 (d] = 97.9 Hz), 132.1, 131.2 (d,= 2.6 Hz), 130.9 (dJ = 2.6 Hz),
130.7 (d,J = 9.5 Hz), 130.5 (dJ = 9.1 Hz), 130.0, 129.3, 129.1, 128.3 Jcs 11.8
Hz), 127.8 (dJ = 14.1 Hz), 127.7, 127.4, 126.825.5, 124.9, 124.7, 124.3, 120.0,
119.1, 116.6, 46.2 (dl = 3.4 Hz), 40.7 (dJ = 68.9 Hz), 32.4 (dJ = 13.0 Hz);3P
NMR (202 MHz, CDC}) : 26.7; HRMS m/z (ESI) calcd fo€3sH20NO:P ([M+H]*)
538.1930, found38.1936.
5-((Di-p-tolylphosphoryl)methyl)-5-methyl-12-phenylindolo[2,1-a]isoquinolin-6(5
H)-one (3ab):
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107.4 mg, 95% yieldWhite solid mp 105.7106.3

°C (uncorrected)H NMR (500 MHz, CDCls) : 0
8.44 (d,J = 8.0 Hz, 1H), 7.637.48 (m, H),
7.467.44 (m, 1H), 7.35.31 (m, 2H), 7.2.22 (m,
2H), 7.2067.17 (m, 4H), 7.15.12 (m, 1H),
6.986.94 (m, 1H), 6.7-6.75 (m, 2H), 3.7B.72 (m,
1H), 3.073.01 (m, 1H), 2.34 (s, 3H), 1.89 (s, 3H),
1.76 (d,J = 2.5Hz, 3H); 13C NMR (125 MHz, CDCk) :1#1.9 (dJ= 2.3 Hz), 141.7

(d, J = 2.5 Hz), 136.4 (dJ = 2.5 Hz), 134.1, 134.0, 132.0, 130.9, 130.8, 130.6 (2C),

130.0, 129.4, 129.1 (dl = 6.6 Hz), 129.0, 128.4, 128.3, 127.9 (2C), 127.8, 126.8,
125.4, 124.8, 124.6, 124.3, 119.9, 119.0, 116.7, 46.1<X8.3 Hz), 40.8 (dJ = 68.8
Hz), 33.0 (d,J = 13.1 H), 21.2 (d,) = 45.9 Hz);3!P NMR (202 MHz, CDG)) : 2i.5;
HRMS m/z (ESI) calcd fo€3gH3aNOP ([M+H]*) 566.2243, foun®66.2250.
5-((Bis(4-methoxyphenyl)phosphoryl)methyl}5-methyl-12-phenylindolo[2,1-a]iso
quinolin-6(5H)-one (3ac):

101.5 mg, 85% vyield; White solid mp
109.3111.6 °C (uncorrected);'!H NMR (500
MHz, CDCl) : 841 (d,J = 8.0 Hz, 1H),
7.67-7.63 (m, M), 7.497.40 (m, 6H), 7.2&.24

(m, 1H), 7.217.19 (m, H), 7.187.11 (m, 3H),
7.036.99 (m, 2H), 6.95.89 (m, 1H), 6.8%.85
(m, 2H), 6.286.26 (m, 2H), 3.73.68 (m, 4H),

3.22 (s, 3H), 2.96 (f] = 12.5Hz, 1H), 1.66 (d,J = 2.5 Hz, 3H); 13C NMR (125 MHz,

CDCls) :1i#3.3 (dJ = 1.9 Hz), 162.1 (dJ = 2.8 Hz), 161.4 (d] = 2.9 Hz), 136.4 (d,

OMe

J=2.4 Hz), 134.1, 133.9, 132.9 @z 11.1 Hz), 132.5 (d] = 10.3 Hz), 132.1, 130.1,
129.4, 129.2, 128.1, 128.0 (= 7.0 Hz), 126.9, 125.4, 124.9 (@= 105.5Hz),
124.8, 124.6, 124.3, 122.0 (@= 104.1 Hz), 119.9, 119.1, 116.7, 114.0 J& 12.6
Hz), 113.0 (dJ = 12.8 Hz), 55.3, 54.7, 46.3 (d,= 3.3 Hz), 41.1 (dJ = 69.4 Hz),
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33.5 (d,J = 13.8 Hz);3!P NMR (202 MHz, CDGJ) : 47.9; HRMS m/z (ESl)calcd
for CagHaaNO4P ([M+H]*) 598.2142, foun&98.2148.
5-((Bis(4-fluorophenyl)phosphoryl)methyl)-5-methyl-12-phenylindolo[2,1-a]isoq
uinolin-6(5H)-one (3ad):
O 82.5mg, 72% yield; White solidc mp 186.:188.1
°C (uncorrected)!H NMR (500 MHz, CDCl)
O N O 8.50 (d,J = 8.0 Hz, 1H), 7.747.69 (m, M),
" EOF 7.587.48 (m, 5H), 7.3§.35 (m,2H), 7.317.24 (m,
5H), 7.127.06 (m, 3H), 6.9%6.94 (m, 1H),
6.67-6.64 (m, 2H), 3.88.77 (m, 1H), 3.08.03 (m,
1H), 1.78 (d,J = 2.5Hz, 3H); 13C NMR (125 MHz,

[ami¢

)

CDCly) : 172.1 (d,J = 2.3 Hz),165.7 (ddJcp= 3.1 Hz,Jcr= 45.9 Hz),163.5 (dd,
Jop=3.3 Hz,Jcr = 46.1 Hz),136.0 (d,J = 2.5 Hz), 133.9 (d] = 5.0 Hz), 133.4 (q)

= 8.9 Hz), 133.1 (qJ = 8.5 Hz), 132.0, 130.0, 129.2 (&= 101.6 Hz), 129.2, 129.0,
128.0 (d,J = 13.5 Hz), 127.3 (¢J = 100.6 Hz), 127.4, 127.0, 125.7, 124.9, 124.7,
124.6, 120.4, 119.3, 116.5, 115.8 gz 8.5 Hz), 115.0 (¢ = 8.4 Hz), 46.3 (dJ =

3.3 Hz), 40.9 (dJ = 69.9 Hz), 32.8 (d] = 13.9 Hz);3%P NMR (202 MHz, CDGJ) : i
265; 9 NMR (471 MHz, CDCJ) : 4106.9,-107.1; HRMS m/z (ESI) calcd for
CaeH27F2NO2P ([M+H]*) 574.1742, foun®74.1749.

Ethyl ((5-methyl-6-oxo-12-phenyl-5,6-dihydroindolo[2,1-a]isoquinolin-5-yl)meth-
yl)(phenyl)phosphinate( 3 ae ) :

dr 1.E
O 74mMy7 % yiWhidse]mpl60L622°C0

N O (uncor tHe cNtMBRI Q(; MEBR Q)IG: 8 . &d7] (
N O /— =8.15z 1H)-7. &9 6pm,-77388 (m, 3H),
P

Ph 7.3428HmM,-77081( m,6.1HY) ,( B, 9BH) ,
3.8759 (m,314H0, (®,-2ZHF, (@, S8WHB,Hz1.3A8) (d,
0. 79=71Hz 3H) ;NMROHz, LBC72dA= (1.4 Hz), 137
(s 2.5 HzYys 3323.Hz)d,a=.822.36§ HBI: 9124..2& (d,

Hz), 132.H0.(3,Hz), 130.2J=12®.6,HA)=9.D228 .1 !
S6
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7.1 Hz), 127. 1, 126. 9, 125. 7, 12%. 16,. 3124 . 7
Hz), 46. 3.6dHz)=, 9480..95 HZd,, 18329 8HPH, 716.5 (c
HzJP NMR (202 3MB8, 2CDCI
H NMB® 0( MEIRG)LS8. 48=8 .z 1 H)-7. 55 BY8m,-7 252
(m, 3H) J=8.H20 1THJ-36 33 (m,-72H ,( M,-B2H3 , (M, 25
2H) ,-77120 (m,-7.1H) ,( @,-7LUMH) , ( @, OBH).Hbz 6 1 81y, (t ,
3.8375 (m,31%H],(®,.-B5HY, (B, 3FH)SHR. 8 H) (t,
1. 74=Q@dHWz 3 H)J=7.65, @G@BH) ;NMRSNHz, gDhCI
171.8= (d.,7 Hz)Ys 138.8BzJd, 18442H¢t)y, J132.2, I
= 10.4Hz)J= U2B..H6 (HE,), 123= 43. 01 29z )25 UXB..D
12.5 Hz), 12725,112628,812%28, 41 1=20. 1, 11
6.1 Hz)J= 45..15 Hzd)z, 9481..13 HZdr,, 18326 3HPH, 16.0
6. 4 Sz NMR (202 3)MBA8, 3CDCI
HRMS m/ z ( ESdHpN@Pal(c[dV+HB|0 6 . 1 88006,. .1f808u4n d
5-((Di-tert-butylphosphoryl)methyl)-5-methyl-12-phenylindolo[2,1-a]isoquinolin-
6(5H)-one (3af):

O 29.8 mg, 30% yield; White solid, mp 240.06241.3 °C

(uncorrected)!H NMR (500 MHz,CDClz) : 8149 (d,J =

\N o 7.5 Hz, 1H), 7.767.74 (m, H), 7.487.44 (m, 4H),

P_igy 7.427.39 (m,1H), 7.347.31 (m, H), 7.257.16 (m, 3H),
|

o tBu

6.936.90 (m, 1H), 2.372.33 (m, 1H), 2.22.20 (m, 1H),
2.04 (s, 3H), 1.04 (d] = 13 Hz, 9H), 0.88 (d,J = 13.5Hz, 9H); 13C NMR (125 MHz,
CDCl) : 1v27 (d, J = 10.0Hz), 1375, 1346, 133.9, 131.9, 1300, 1297, 1296,
129.2,128.0 127.9,127.1, 1259, 15.8, 15.2, 124.3, 120.2, 1195, 116.2,47.4(d, J
= 4.3 Hz), 36.5(d, J = 10.6 Hz), 36.1(d, J = 11.1 Hz),31.8(d, J = 49.4Hz), 26.6,
26.3, 24.4;3P NMR (202 MHz, CDG) : 60.0; HRMS m/z (ESI) calcd for
Cz2H37NO2P ([M+H]*) 498.2556, found98.2551.

Diethyl ((5-methyl-6-oxo-12-phenyl-5,6-dihydroindolo[2,1-a]isoquinolin-5-yl)m-
ethyl)phosphonate(3ag):

S7
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66mMB7 % yiWwhidi;@jnpd 2 6L 211°C 0

(uncor He NtMBRJWH ZCDG)IL: 8 . &7 = (

8.6z 1H)7 . 54 B(7m,- 7258 (m, 3H),
7.4543 (m,-72H9 HY M,-74236 (m, 3H),

7.40.401 (m, -3118)2,H(3n,80419 (m, 1H),
2.8458 (m, J1+WHz 13.H)6 J£0H® 4 3HY) ,I=0.10 (t ,
3HYE NMRBHz, £DCI1MJ=02(4 HzYs 23Z.8z)d,
134. 2, 134. 1, 132.2, JE3Q@. 8, H11206 .98,6 11905 .28,
125.2, 124.8, 124.4,3=12060..42 HzD%966315. Wi(pd 6, ¢
45.6=(d,1 HzJ)= 133®M.. P (Hi=) ,183 8. HAFd .616. Bz) ,
15. O=( 6, BPHRMR (202 )MHEEZ7,HRMSCIm/ z (ESI) calc
CoHoNQP ([ M+ H]7 4. 1 84249836.f ound

Dibenzyl ((5-methyl-6-oxo-12-phenyl-5,6-dihydroindolo[2,1-a]isoquinolin-5-yl)-
methyl)phosphonate( 3 a h) :

O 50mg4% yiWhidse| mmgs1-82 .G
(uncor fHe ANtM&ROY ; MEIR G)It: 8 . &d1l) (
SO | -
(N o o B MR LH)T.GMERS 725 (m. SH),
‘F‘\Vo 7.2725 (m,-72HY H i, 2212 ( m,
(0]
O

4H), 7700 (m,629%%, (Mm,6088%, 6.9

( m, 2H, 6% . H)3n, -41 68 (m, 2H),
4.8248 (m,31M6, (®,-33H0, (@, 7RHHN,Hz1.3IA) (d,
¢ NMR MHz, HBCILMAY=02( 3 Hz¥ = 233.Bz)d,135.0
J= 5.8 Hz)= B3%. Hz()d, 134. 2, 134. 0, 132. 2,
128.1 (2¢C), 128.0 (2¢C), 127.9,24.28, 8124.24,.
120.3, 119.3J)= 16.64 THz 7 .®65(0HZJE, #4.61 OHZ ),
36.8=(d,39.5 HZIY,1B23P5HMNR, (202 HMHZQ; CDCI
HRMS m/ z ( ESdkpN@Pa |(c[d\+HB|9 8 . 2 154928,. .2f105uln d
Diisobutyl ((5-methyl-6-oxo-12-phenyl-5,6-dihydroindolo[2,1-a]isoquinolin-5-yl)-
methyl)phosphonate( 3 ai ) :
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O 71 my68 yiwhidse]mpd 2 01 261°C 7

(uncor tHe cNtMBI Q(; MER Q)T 8 . 6d6,  (
\ O e J=8.Fz 1H)7. 53 B6m,- 7288 (m, 3H),
N O //|r
\F\{’O 7.45422m, -77381Hjm, -7126 ( m,
(0]
O~ 3H), 67903 (m,-31#H3 H( B, 832389

iPr
(m, 2H3.13B.(2m,2.1640 ,( @, 6TH), 1.7

J=3 .6z 3 H)L. 42 B2m,-0.268 HHME NERSMHz, £DCI
G 17d2).=0 2(. 4 7Hz2)J£ d123 3 Hz), 134.2, 134.1, 1
129.2, XN=286..03 (Hz,J= I28.8zfjd, 125.7, 125.2, 1
119.3, 118= 76. 9 1HZ&A)=,( 67 18. 1HzQd, , 44 50. 6HzQd,, 36 . 7
= 140.0 H¥) ,18328 4Hz¥d ,528. BlzJ=d ,62.83. 8Hz()d,, 18. 5
J= 4.6 HzJ)s 1108..8° HMMR (202 )MHEE HRM | m/ z
(ESI) Cabs®@P f(o[rM+ H5]3 0. 2 455350,. .2f405W9n d
Dibutyl ((5-methyl-6-oxo-12-phenyl-5,6-dihydroindolo[2,1-a]isoquinolin-5-yl)m-
ethyl)phosphonate(3aj):
O 65.mg 6% yi Whidse| mpl1l1l134°C8
(uncor tHe cNtMBRI Q(; MER Q)IG: 8 . 6d7) =(
N O 8.6z 1H)7. 54 8B7Tm, 7259 (m, 3H), 7.:
O o J=8.18z 2H)-7.38 4(Am, -710p H i, 23
7.94400 (m,3183 H{ A,-3824 (m, 1H),
//// i 2.8458 (m, DH3},Hz1.3FHB)-1( d15 2(7m,
4H) , -1.Q1 H{ mpQ.2®@8 H( hE MMR 5( 1
MHz, £©OCI17d2)=0 2(. 4 Hz)J= 23 B. 2Hz()d, 134.2, 13
130. 1, 129.4J=12942Hz)28.182,6 (825 . 7, 125. 1,
120.1, 119.3J)= 16.68 7THz )=5.6@49( IHZAJE, #4.51 6HZA ),
36. 8=(d39.9 HI) ,1832. HIRFd,63Q. Hz)=, 6325 MHz()d,
18. 43J=(db,. 5 HIZP ,NMR3.(4202 IMH267 HREE|I m/ z (ESI)
cal c@GHfMNAP ([ M+ ]3 0. 2 455350,. .2f405W0n d
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5-((Diphenylphosphoryl)methyl)-3-methoxy-5-methyl-12-phenylindolo[2,1-a]isoq
uinolin-6(5H)-one (3ba):

76.0 mg, 67% yield; White solid; mp 237.%238.9 °C
(uncorrected)’H NMR (500 MHz, CDCls) : 8151 (d,J =
8.5 Hz, 1H), 7.667.62 (m, M), 7.5%27.46 (m, 5H),
7.457.40 (m, 3H), 7.377.30 (m, 3H), 7.2&.20 (m, 3H),

7.167.13 (m, 1H), 7.17.08 (m, 2H), 6.82 (d] = 2.5 Hz,
1H), 6.456.42 (m, 1H), 3.86.75 (m, 1H), 3.65 (s, 3H), 3.6600 (m, 1H), 1.81 (d]

= 2.0Hz, 3H); 13C NMR (125 MHz, CDCk) :1i2.1 (d,J = 3.3 Hz),159.0, 138.2 (d,
J=2.5Hz), 134.3, 133.7 (d,= 99.0 Hz), 134.0, 131.9 (d,= 98.1 Hz), 132.3, 131.2
(d, J = 2.8 Hz), 131.1 (dJ = 2.9 Hz), 130.7 (dJ = 9.5 Hz), 130.5 (dJ = 9.3 Hz),
130.2, 129.5, 129.1, 128.3 (@ 11.8 Hz), 127.9 (d] = 9.8 Hz), 127.8, 126.6, 125.1,
124.3,118.8, 118.3, 117.8, 116.5, 113.3, 112.5, 55.1, 46J~(d,5 Hz), 40.6 (d) =
69.1 Hz), 32.0 (dJ = 12.3 Hz);3P NMR (202 MHz, CDGJ) : 6.9 HRMS m/z
(ESI) calcd forCs7H31NOsP ([M+H]*) 568.2036, foun®68.2044.
3-Chloro-5-((diphenylphosphoryl)methyl)-5-methyl-12-phenylindolo[2,1-a]isoqui

nolin-6(5H)-one (3ca):

91.4 mg, 80% vyield; White solid;, mp 215.4217.2 °C
(uncorrected)H NMR (500 MHz, CDCls) : 8156 (d,J =
8.5 Hz, 1H), 7.567.49 (m, ®), 7.407.30 (m, 4H),
7.277.19 (m, 6H), 7.11 (s, H), 6.796.76 (m, 1H),

3.793.74 (m, 1H), 3.02.96 (m, 1H), 1.80 (d] = 2.5 Hz,
3H); 23C NMR (125 MHz, CDCk) : 171.4 (d,J = 2.8 Hz), 137.9 (dJ = 2.4 Hz),
134.2, 133.8, 133.2 (d,= 49.5 Hz), 133.3, 132.4 (d,= 49.3 Hz), 132.0, 134.(d,J]
= 2.8 Hz), 131.3 (dJ = 2.8 Hz), 130.5 (dJ = 9.5 Hz), 130.2 (dJ = 9.3 Hz), 130.0,
129.2, 128.5, 128.3 (d,= 11.8 Hz), 128.1 (d] = 8.9 Hz), 128.0, 127.5, 127.2, 126.2,
125.8, 124.4, 123.6, 120.5, 119.2, 116.7, 46.1 & 3.6 Hz), 40.6 (dJ = 68.9 Hz),
31.8 (d,J = 12.5 Hz);3%P NMR (202 MHz, CDGJ)) : 463; HRMS m/z (ESI) calcd
for CagH2eCINO2P ([M+H]*) 572.1541, foun&72.1550.

S10
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5-((Diphenylphosphoryl)methyl)-3-fluoro -5-methyl-12-phenylindolo[2,1-a]isoqui
nolin-6(5H)-one (3da):

50.0 mg, 45% yield; White solid; mp 178.5180.1 °C
(uncorrected)’H NMR (500 MHz, CDCls) : 8151 (d,J =
8.0 Hz, 1H), 7.597.49 (m, #), 7.437.40 (m, 1H),
'Fli_ph 7.367.32 (m, 3H), 7.29.24 (m, 3H), 7.1&.13 (m, 3H),
Ph 6.926.89 (m, 1H), 6.5%.54 (m, 1H), 3.78.72 (M, 1H),
3.002.95 (m, 1H), 1.81 (s, 3H}3C NMR (125 MHz, CDCk) : 141.5 (dJ= 2.9 Hz),
161.8 (dJcr = 248.0 Hz), 138.9 () = 2.4 Hz), 134.1, 133.9, 133.4 (#i= 98.6 Hz),
132.3 (d,J = 98.4 Hz), 132.1, 131.4 (d,= 2.8 Hz), 131.2 (dJ = 2.6 Hz), 130.6 (dJ
= 9.5 Hz), 130.4 (dJ = 9.1 Hz), 130.2, 129.3, 128.7, 128.4 {d; 11.8 Hz), 128.1,

128.0 (dJ = 9.5 Hz), 127.4d, J = 8.0 Hz), 125.6, 124.4, 121.4 (@ 3.1 Hz), 119.8
(d,J=1.9 Hz), 119.2, 116.7, 114.6 (= 21.8 Hz), 114.3 (d] = 22.8 Hz), 46.3 (q]
= 3.3 Hz), 40.8 (d) = 68.9 Hz), 31.8 (d) = 12.3 Hz);*P NMR (202 MHz, CDQ) : U
262; 1% NMR (471 MHz, CDC}) : #111.8,; HRMS m/z (ESI) calcd for
CseH28FNO2P ([M+H]*) 556.1836, foun®56.1844.
5-((Diphenylphosphoryl)methyl)-3,5,12trimethylindolo[2,1 -a]isoquinolin-6(5H)-
one(3ea):

O 44 nmMg A% yi Whidtse] mpl2 2 82 380995
\N o (uncor He cNtM8OY ; MEIR G)IL: 8 . B 1 49 (
'F."—F’h 1H), 7J=B4Hpz( d1™H)Z 451 H( m,-7 338
o (m, 3HY,3T7.8t, -7469, (M, 1BH), 7.C¢
1H) , 7. 0=27 .¢bd, 1 H)3. B3 7(8BM,-2 1H9 ,( @, OBH), 2.58 (:
(s, S383H)J=21LHZ53HY, NMR MHz, £DC72dp= (2.6
H), 137.2= 236. Giz()d, 1349 P.,8 1BA)=7 918HAU. Hz()d,
132.5, JE3B.D (Hz, W= 238.HzY",a236.RAzYd, 130. 6
9.1 Hz), 129. 9= D28®. Hz) 1281238 .1Ad ,9215H22),9 (@1d,
124. 8, 124. 0, 123.5,J218. 5, H1)6 . &49D. D 1Q8ad4,

o)
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32.3)=(d,2.5 Hz)3P NMR3, 2DD. H\Hz6,,.HRDE | m/
(ESI) Cabo®@P f(o[rM+ H]9 0. 1 943900,. 1f903w3n d
5-((Diphenylphosphoryl)methyl)-3-methoxy-5,12-dimethylindolo[2,1-a]isoquinoli
n-6(5H)-one (3fa):
O OMe 74.7mg,74% yield; White solid mp214.8216.3°C
O \N o (uncorrected)*H NMR (500 MHz,CDCls) : 8488.45
4 E;Ph (m, 1H), 7.76 (dJ = 8.5Hz, 1H), 7.627.58 (m, M),
7.51-7.49 (m, 1H), 7.44.33 (m, 5H), 7.37.29 (m, 2H),
7.147.11 (m, 1H), 7.08.05 (m, 2H), 6.8 (d,J = 2.5Hz, 1H), 6.816.78 (m, 1H),
3.753.70 (m, 4H), 3.02.98 (m, 1H), 2.54 (s, 3H), 1.77 (@z= 2.5Hz, 3H) ;13C
NMR (125MHz, CDCk) : 1i71.7 (dJ = 3.4 Hz), 158.6, 138.0 (d,= 2.6 Hz), 133.7
(d,J = 98.8 Hz), 134.1, 132.3 (d= 98.1 Hz), 132.6, 131.2 (d= 2.8 Hz), 131.0 (d,
J=2.3 Hz), 130.7 (d) = 9.5 Hz), 130.6 (d] = 9.3 Hz), 129.7, 128.3 (d,= 11.8 Hz),
127.8 (dJ=11.9 Hz), 126.3, 124.9, 124.0, 119.2, 117.9, 116.6, 113.8, 112.2,11
55.2, 46.6 (dJ = 3.5 Hz), 40.6 (dJ = 69.0 Hz), 31.9 (d] = 12.1 Hz), 11.231P NMR
(202 MHz, CDC¥) : 24.2; HRMS m/z (ESI) calcd fo€32H29NOzP ([M+H]*)
506.1880, foun06.1887.
3-Chloro-5-((diphenylphosphoryl)methyl)-5,12dimethylindolo[2,1-a]isoquinolin-
6(5H)-one(3ga):
56.0 mg, 55% yield; White solid; mp 225.12226.7 °C
(uncorrected)’H NMR (500 MHz, CDCls) : 8152 (d,J =

1l
P=Ph 7 5Hz 1H), 7.77 (dJ = 8.0Hz, 1H), 7.557.54 (m, H),
Ph

o
AN
(o
(0]

7.51:7.44 (m, 4H), 7.42.39 (m, 1H), 7.36.31 (m, 4H),
7.237.13 (m, 5H), 3.78.69 (m, 1H), 2.92.92 (m, 1H), 2.58 (s, 3H), 1.76 (s, 3H) ;
13C NMR (125 MHz, CDCk) : 1i1.1 (d,J = 3.1 Hz), 137.8 (dJ = 2.5 Hz), 134.3,
133.4 (d,J = 31.3 Hz), 138, 132.6 (dJ = 31.3 Hz), 132.2, 131.4 (d,= 2.9 Hz),
131.2 (d,J = 2.9 Hz), 130.5 (dJ = 9.5 Hz), 130.2 (dJ = 9.3 Hz), 128.8, 128.3 (d,=
11.8 Hz), 128.1 (dJ = 11.6 Hz), 127.7, 127.5, 125.9, 125.7, 124.8, 124.1, 118.3,

116.8, 114.7, 46.0 (d, = 3.8 Hz), 40.6 (dJ = 69.3 Hz), 31.7 (dJ = 12.4 Hz), 11.4;
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3P NMR (202 MHz, CDGJ) : 26.1; HRMS m/z (ESI) calcd forCaiH26CINOP
(IM+H]*) 510.1384, foun&10.1392.
3-Bromo-5-((diphenylphosphoryl)methyl)-5,12-dimethylindolo[2,1-a]isoquinolin-
6(5H)-one(3ha):
O Br 46.5 mg, 42% vyield; White solid; mp 238.4239.5 °C
O \N o (uncorrected)’H NMR (500 MHz, CDCls) : 8157 (d,J =
IF.I"F’h 7.0 Hz, 1H), 7.70 (dJ = 8.5Hz, 1H), 7.567.54 (m, H),
o 7.527.40 (m, 5H), 7.377.27 (m, 6H), 7.25.18 (m, 3H),
3.753.70 (m, 1H),2.97-2.92 (m, 1H), 2.58 (s, 3H), 1.76 (d,= 2.5 Hz, 3H); 13C
NMR (125 MHz, CDCh) : 1i1.1 (d,J = 3.0 Hz), 138.0 (dJ = 2.5 Hz), 134.3, 133.4
(d,J = 13.3 Hz), 132.6 (d] = 13.3 Hz), 132.2, 131.5 (d= 2.9 Hz), 131.3 (d) = 2.6
Hz), 130.7, 130.6,30.5 (d,J = 6.1 Hz), 130.2 (dJ = 9.3 Hz), 128.8, 128.3 (d,=
11.8 Hz), 128.1 (dJ = 11.8 Hz), 126.0, 125.7, 125.2, 124.1, 121.0, 118.3, 116.8,
114.9, 46.0 (dJ = 3.6 Hz), 40.6 (dJ = 69.1 Hz), 31.7 (d) = 12.3 Hz), 11.58P
NMR (202 MHz, CDC}) : 26.1; HRMS m/z (ESI) calcd fo€31H26BrNOP ([M+H]*)
554.0879, foun®54.0884.
Ethyl 5-((diphenylphosphoryl)methyl)-5-methyl-6-oxo-5,6-dihydroindolo[2,1-a]-
iIsoquinoline-12-carboxylate (3ia):
COOEt 45.8 mg, 43% vyield; White solid, mp 135.0136.4 °C
O N O (uncorrected)*H NMR (500 MHz,CDCls) : 80628.51(m,

N 0
i, 1H), 8.328.30(m, 1H), 7.92-7.90 (m, 1H), 7587.54 (m,
|
Ph 2H), 743-7.30 (m, 8H), 7.23-7.19 (m, 1H), 7.18-7.11 (m,
3H), 7.097.05 (m, 1H), 4.584.54 (m, 2H), 371-3.66 (m, 1H), 307-3.02 (m, 1H),

1.80 (d, J = 2.0 Hz, 3H), 1.52(t, J = 7.0 Hz, 3H); 23C NMR (125 MHz, CDCk) :

[anl¢

1726 (d, J = 3.1 Hz), 165.7,137.1 (d, J = 28 Hz), 1%.5, 134.1, 133.1 (d, J = 99.1
Hz), 12.1 (d,J = 985 Hz), 1.3 (d, J = 2.9 Hz), 13L.2 (d, J = 2.6 Hz), 1.7 (d, J =
9.6 Hz), 130.6 (d, J = 9.1 Hz), 129.4, 128, 1284 (d, J = 11.8 Hz), 1281, 128.0,
1276, 127.2 (d, J = 7.6 Hz), 126.0, 15.0, 123.3, 120.9, 116.6 110.4 61.2,467 (d, J
= 3.5 Hz), ©.7 (d, J = 685 Hz), 3L5 (d, J = 11.8 Hz), 14.4 3P NMR (202 MHz,
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CDCl3) : 41.0; HRMS m/z (ESI) calcd fo€zsH290NO4P ([M+H]*) 534.1829, found
534.1831.
5-((diphenylphosphoryl)methyl)-5-methylindolo[2,1-alisoquinolin-6(5H)-one
(3ja):

O 48.8 mg, 53% yield; White solid mp 193.4195.2 °C
X
O N o (uncorrected)!H NMR (500 MHz,CDCls) : 8448.42 (m,
11
4 E;Ph 1H), 7.737.71 (m, H), 7.597.52 (m, ), 7.427.36 (m,

3H), 7.347.27 (m, 5H), 7.28.20 (m, 1H), 7.06.02 (m,
4H), 6.92 (s, 1H), 3.83.77 (m, 1H), 3.08.02 (m, 1H), 1.74 (dJ = 2.5 Hz, 3H); 13C
NMR (125 MHz, CDCh) :1i#1.9 (dJ = 2.1 Hz), 135.7 (d) = 2.5 Hz), 135.3 (d] =
6.6 Hz), 133.4 (dJ = 98.5 Hz), 132.2 (dJ = 97.9 Hz), 131.1 (d] = 6.5 Hz), 131.1,
130.7 (d,J = 9.6 Hz), 130.6 (dJ = 9.3 Hz), 130.5, 128.3 (d, = 11.8 Hz), 128.1,
127.9 (d,J=11.8 Hz), 127.5 (d] = 8.8 Hz), 124.9, 124,324.2, 123.4, 120.2,116.8,
103.0, 46.2 (dJ = 3.5 Hz), 40.7 (dJ = 69.1 Hz), 32.9 (d] = 13.5 Hz) 31P NMR (202
MHz, CDCL) : 266; HRMS m/z (ESI) calcd fo€zHsNOP* ([M+H]*) 462.1617
found462.1625.
10-Bromo-5-((diphenylphosphoryl)methyl)-5-methyl-12-phenylindolo[2,1-a]isoq
uinolin-6(5H)-one (3ka):
76.3mg, 62% yield; White solid mp 175.2176.3°C
(uncorrected)!H NMR (500 MHz,CDCls) : 8138 (d,

J=8.5Hz, 1H), 7.607.55 (m, 4), 7.517.48 (m, 3H),
B-ph 7.447.38 (m, 4H), T847.26 (m, 5H), 7.17.08 (m,

Ph o 3H), 6.986.95 (m, 1H), 6.89 (1) = 7.5Hz, 1H),
3.803.75 (m, 1H), 3.08.03 (M, 1H), 1.79 (d] = 2.0Hz, 3H): 13C NMR (125MHz,
CDCly) : 1i72.1 (d,J = 2.3 Hz), 136.4 (d] = 2.4 Hz), 134.0, 133.3 (d,= 98.5 Hz),
133.5,132.7, 132.1 (d,= 97.8 Hz), 131.3 (d] = 2.9 Hz), 131.2 (d] = 2.8 Hz),

130.7 (dJ = 9.5 Hz), 130.6, 130.5 (d= 9.1 Hz), 130.0, 129.3, 128.3 (= 11.8

Hz), 128.2 (d,J = 13.3 Hz), 128.1, 127.9i(J = 11.8 Hz), 127.5, 127.0, 125.1, 124.3,

121.8, 119.0, 118.2, 117.8, 46.1 Jd; 3.5 Hz), 40.9 (dJ = 68.8 Hz), 32.6 (d) =
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13.0 Hz);3P NMR (202 MHz, CDG)) : 26.3; HRMS m/z (ESI) calcd for

CasH2eBINOP ([M+H]*) 616.1036, foun®16.1029.
5-((Diphenylphosphoryl)methyl)-5-methyl-12-phenyl-10-(trifluoromethyl)indolo[
2,1-a]isoquinolin-6(5H)-one (3la):

96 M8 B yiWHid,®|mpad 1062 111°C 3
(uncor He NtM&JO)Y ; MEIR Q)IL: 8 . &5 (
J=8.Hz 1H)-7. &5 59m, -70L136 ( m,

ﬁ_ph 1H), 77284H) m, 732837 Hzd, 1H) ,

Ph 7. 7411 (m,63H2, (B, ®586, (B, 90
1H), -33792H)m,-33061 (In, 8 WHQEJHz 3U4) :NMR5( 1

MHz, £OCr2d4d= (2.3 Hz)J= 1236. 3Hz()d, 135.6, 13
132.7, 132.0J=19151Hzpysoes8e(ézfjd, 130.0, 12
128.2= (4.4 Hz), 128.0, 12)%r 9,3129.8z)121286
124. %r Ed,270.5 Hz), J423.83,H4p2.119y6, 117.0
4.1 Hz)J=43%.83 HKad)=s &8..0 Hzys, 132 R HEMR

(202 ORI 26.LF NMR (471 JMiHEIL.HBBSI m/ z (ESI)
cal c@HfFNQP ( [ N+ H6]0 6f d @00d6,. .1 8 1 1

5-((Diphenylphosphoryl)methyl)-5-methyl-6-oxo-12-phenyl-5,6-dihydroindolo[2,
1-a]isoquinoline-10-carbonitrile (3ma):

68.6mg, 61% yield; White solid mp 163.5165.2°C
(uncorrected)?H NMR (500 MHz,CDCls) : 8064 (d,
J=8.5Hz, 1H), 7.617.47 (m, 1H), 7.467.35 (m,

2H), 7.317.27 (m, 2H), 7.247.16 (m, 4H), 6.95.86
(m, 2H), 3.823.77 (m, 1H), 3.18.06 (m, 1H), 1.81 (s,
3H); 13C NMR (125 MHz, CDChk) : 1i72.6 (dJ = 2.0 Hz), 136.4 (d) = 1.8 Hz),
136.0, 133.3 (d) = 51.4 Hz), 132.9, 132.5 (d~=50.9 Hz), 131.7, 131.3 (d,= 2.8

Hz), 131.2 (d,] = 2.6 Hz), 130.7 (d] = 9.6 Hz), 130.4 (dJ = 9.1 Hz), 130.0, 129.5,
128.5 (d,J = 6.3 Hz), 128.4 (dJ = 6.5Hz), 128.3, 128.1 (d,= 11.8 Hz), 127.4, 127.1,
125.3, 124.1, 123.9, 119.6, 119.1, 11167.6, 46.2 (dJ = 3.6 Hz), 41.1 (dJ = 68.9
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Hz), 32.5 (dJ = 13.1 Hz);3P NMR (202 MHz, CDGJ) : 26.3; HRMS m/z (ESI)
calcd forCa7H2sN20-P* ([M+H] *) 563.1883 found563.1891.
5-((Diphenylphosphoryl)methyl)-5,12diphenylindolo[2,1-a]isoquinolin-6(5H)-on
e (3na):
83.9 mg, 70% vyield; White solid; mp 228.4229.5 °C
O (uncorrected)’H NMR (500 MHz, CDCls) : 8144 (d,J =
N O 8.5 Hz, 1H), 7.697.65 (m, M), 7.587.41 (m, 6H),
O N ‘.P?_Ph 7.457.42 (m, 1H), 7.3§.34 (m, #), 7.3:7.12 (m, 1}),
OFN  bn 6.98 (d,J=8.0Hz, 1H), 6.92 (tJ = 7.5 Hz, 1H), 6.83 (dJ
= 7.5Hz, 1H), 4.524.47 (m, 1H), 3.48.41 (m, 1H)13C NMR (125 MHz, CDCk) : U
170.2, 144.0 (dJ = 12.8 Hz), 135.4 (d) = 2.5 Hz), 134.4, 134.1, 133.4 (@= 99.4
Hz), 132.5 (dJ = 98.0 Hz), 132.2, 131.3 (d,= 2.4 Hz), 131.2 (dJ = 2.5 Hz), 131.0
(d, J = 9.6 Hz), 130.7 (d] = 9.1 Hz), 130.2, 129.7, 129.5, 129.2, 128.7, 128.4 &,
11.8 Hz), 128.0, 127.9, 127.6 05 5.3 Hz), 127.2, 126.8, 126.2, 125.6, 124.9, 124 .4,
120.6,119.2, 116.8, 53.8 (d, = 2.6Hz), 39.8 (dJ = 68.9 Hz);3P NMR (202 MHz,
CDCl3) : 268; HRMS m/z (ESI) calcd foC41H3:NO2P ([M+H]*) 600.2087, found
600.2081.
5-((Diphenylphosphoryl)methyl)-12-phenyl-5-(trifluoromethyl)indolo[2,1 -aJisoqu
inolin-6(5H)-one (30a):
66.m2g .58 Vyi &hditse | mg 23 72 369 °C3
(uncor tHe cNtMBRI Q(; MER G)IL: 8. 5d7J=8 . O
Hz 1H)-7. 6/5 BI9m,-7255 (m,-78¥H§, (m, 43
3H) , -7.386H(m,-7120 (m,-74H3 , (M, 183H) ,
7.6399 (m, 61Bb, (6, 8481 AL, (M, 260 H) ,
3.3934 (mE NMRSNMHzZ, £DAI63. 3,
134. 4, 133=6,82132 HzJ% d@8&13.13 9Hz()d,, JE=3 2.. ™0, 131
Hz), 13=1.26.  dHz¥s 168102HgR:, 91310.Hz)(,d,129. 9,
128.8, JE2&.80 (Hk, , 128J=5,121218 .H%2Z,) ,1 248.71 4(,d ,1 Z
126.0rfdl.8 H25.4, 124.9,541.291¢Fq¢,2310.H8z) 11
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32.9J=(d7,0. 4P HMMR (202 3 )MHZE .1FCDCMR (471 MHz,
CDQ)IU -72.HRMS m/ z ( ESCl.FEN@Pc d[ HMokg92. 1648,
foubnd2..1655
5-((Diphenylphosphoryl)methyl)-5-methylbenzo[4,5]imidazo[2,a]isoquinolin-6(
5H)-one(3pa):

\ 71.mig 7% yi Whidse] inp2 3 12 3527
AN
@N o (uncor fHe ANtM&O)( ; MEIR G)I: 88 .33, (
|
J PPh 1H), 8.28 H{m,-7188 H{m,-7138 ( m,

Ph
7H), 77283 (m,- 7369, (m,-258), (B, 86

1H), 33083 (m, 1HP,HzZ. 38 (NAMVR NHz, gdCI
172.3=(d.,6 Hz), 149.6,J=1433..8, Hz38. 29.15 92 .(7d
Hz), 134.%5.  dHz), 131248 HB), 313@986 HBY, 6
130.5= (9,3 Hz)l= 12894 Hzds HU®BR.,2 A(A7.9, 127
125. 6= (2,6 Hz), 125.3, 122.8,61H9)6, 41156. §
69.0 Hz)J= 3123 .835P(HMNMR (202 )MHZGE HRBME| m/ z
(ESI) CabobPf 0F M+ H]6 3. 1547603,. .1f506u7n d
5-Benzyl5-((diphenylphosphoryl)methyl)benzo[4,5]imidazo[2, ta]isoquinolin-6(

5H)-one( 3 qa) :

N 64.mgyg 6% yiWwWhidtse] mglo6 Gl 62°C3
N
@N 0 (uncor fHe ANtM&O)( ; MEIR G)Ii 88 .245  (

JBn E;P“ 1H) , 8.J%BH.Hezd ,1H)-7. 671 B3m,-7 153

(mH 2 -7.38 (m,-738), (i, 3BHY, 7.2
(mH 1 -7.09 H( m4a6BB7,.tbz 1H) ,J=6.H8 BH), 6.43 (
J=7.tbz 2H)4. 041 0(6m, DH)3HZB.BH)-3( d32 30N, 2H) ;
NMR 2(MHz, £DCT71dad= (0.8Hz), 149.JE, 2143 .Hk) , 13
133.2= (A.,5 HzYs 13267H£J, 21362 .Hz ) =d,18290 (d
Hz), 13=1.25. § dHz¥J= 238. Wz)d, 130138, 3 18D).,7 13lQ
130.4, 129)=0,11128 H&)(,d,128.127138.025127. 4,

(= 16.8 Hz), 124. 4= 1B9.64,HIF] B.58, #xq.d6 4(0d
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(dl= 68. 6P HYNR (202 JMHZXGEHRBME!I m/ z (ESI) calc
CaboBNOP ([ M5 BID. 18 88308d.1875
5-((diphenylphosphoryl)methyl)-3-methoxy-5-methylbenzo[4,5]imidazo[2,1a]iso
guinolin-6(5H)-one (3ra):
N J 79.mg 8% yiwWhidse] ing2392450°C7
@; o (uncor fHe NtM&dO)( ; MEIR G)It: 88 .3207,  (

II=II>—Ph 2H) , 7 JZ3.Hjzd ,1™H)Z 9 43 H(m,-7 431
o (m, 2H].34.6®,-71H), (m,-33HY, 7.2
(m, 3H§.85B.@m, I1+H).Hz6.16H46-3( BI 8(@4m, 1H), 3.67
3.8602 (m, 1#2.Hz 1 .3W) NMR SMHz, LODLT2d 4 (
J= 1.9 Hz), 161.6,J=1429 .48 Hz1)¥=4 .302 3 9114H)%.39, (1d3,2
(dd= 30.6 HzJ)= 21.381 .Hz)(,d,131249HARB]I= 18B.Q6d6 ( d,
Hz), 139.%. A®Bz)2= (ML . 9 Hz), 127.6, 125.5,
(2C), 114.0, 1J=2.36,6 5Hz.J)2, 64816107 H#E, 13237 ( d
Hz{P NMR (202 3)MRB,.HFENELI m/ z ( E€I)eN0B'1 cd f or
([ M¥HAP 3. ,16fT698d.1682
3-bromo-5-((diphenylphosphoryl)methyl)-5-methylbenzo[4,5]imidazo[2,1a]isoq
uinolin-6(5H)-one (3sa):

N Br 54.ny 58 yiWhidse] inpg?2 3 2231399
AN
@N o (uncor He ANtM&BO)( ; MEIR G)IG: 88 .3&BB  (
1l
4 P=Ph 1)y , 8.028 .Hzd,1H)7. 779 180, 3 7L5 3

Ph
(m, 2H}.39.0M@,-73H3, (M, 38H), 7. 18

2.z 1H)3. B7 8Bm, 218y, (&, 03IH)2,.52 . BFE) ( d,
NMR 2(3dHz, §®TC71d6= (1.6 Hz), 1481=8,2.1443Hz9,, 1
133.1= (99) 4 HWB2=199.d0 Hz)s 7.38.Hz)Yd,131.7
2.1Hz), 131.6J= 1831. 3Hz)1301=409 (48, HB0= 2128., 5
7.9 Hz),J=127..% Hz),, 1V2720,.01Hx)6 @&5.3, 12
115. 8, J4%..8 Hz),J= 4619..10 (HA¥ , 1 3 2BPLHYMR, ( 20 2
MHz ,DCE & 2®.HRMS m/ z ( ESC)HsBcNaQR: ¢ [ MHH ]
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541. 06f7%401d0671

(3,5-Di-tert-butyl-4-hydroxybenzyl)diphenylphosphine oxide (4)
H
? 26.0 mg, 31% yield;, White solid, mp 169.5171.3 °C
(uncorrected)!H NMR (500 MHz,CDClz) : #i687.64 (m, 4),

7

o TPh 7.537.49 (M, 2H), 7.457.41 (m, 4H), 6.73 () = 2.5 Hz, 2H),
5.09 (s, 1H), 3.59 (s, 1H), 3.56 (s, 1H), 1.28 (s, 18):NMR (125 MHz, CDCk) :
152.7 (d,) = 3.3 Hz), 135.7 (d] = 2.8 Hz), 132.7, 131.9, 131.6 (= 2.8 Hz), 131.4
(d, J = 8.9 Hz), 128.3 (d) = 11.4 Hz), 126.9 (dJ = 5.0 Hz), 121.1 (dJ = 8.0 Hz),
38.0 (d,J = 66.8 Hz), 34.1, 30.BP NMR (202 MHz, CDG)) : 30.1: HRMS m/z

(ESI) calcd forCaHsO.P ([M+H] *) 421.2297 found421.2295.
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(C) Spectra

5-((Diphenylphosphoryl)methyl)-5-methyl-12-phenylindolo[2,1-a]isoquinolin-6(5

H)-one (3aa)
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5-((Di-p-tolylphosphoryl)methyl)-5-methyl-12-phenylindolo[2,1-a]isoquinolin-6(5

H)-one (3ab)
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5-((Bis(4-methoxyphenyl)phosphoryl)methyl}5-methyl-12-phenylindolo[2,1-a]iso

guinolin-6(5H)-one (3ac)

0000—

@
~
3.0 01 O e,
©
—

—

=

EFlLo'e

Eo0')

u N
{84

OMe

=

J =760

£1 (ppm)

L6£EE
L05c6”
S6LOP
08 Ly~
9Z£ 9
Nmm.mvv
£9905
£5755~\
LyL9L
000241
SSTLLA
[
PYOELL
6Y6ChL
05074l
ZLL9Lh
ovLBLL
876641
LPS1ITL
18EZZ1
S6Z0T1
9ervTL
8z9vZl
LE8VZ 1
087521
ELYSTLY
Er69ZL
vZ6.TL
086'LZ 1
ZLO'ST LA
AR
zaeezi~t
pSO'0EL",
0902€1]
805Z€ L
06521
L6BTEL
986ZEL
Zr6'ee L]
AN OIS
ZZV9ElL
Lrp9el

08e'lgl
mov,_‘mrw

—

250291
PLOT9L
9z ~t\
6LT2LL

@
=
o

S | T

100
£1 (ppm)

110

120

130

S24



27.908

o O
FB—O—OMS
o}
OMe
50 130 110 90 70 50 30 10 -10 =30 -50 =70 -90 -110 -130 -150 -170 -190 -210 -230 -2!
£1 (ppm)

S25



5-((Bis(4-fluorophenyl)phosphoryl)methyl)-5-methyl-12-phenylindolo[2,1-a]isoq

uinolin-6(5H)-one (3ad)
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