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Abstract A series of phosphoryl methylene compounds containing indole skeleton were successfully obtained by
addition reaction between indole enoyl compounds and diphenylphosphine oxide in the presence of base. Through the
selection of catalyst, reaction solvent, temperature, catalyst dosage and other factors, the optimum reaction conditions

were obtained. The method exhibits many advantages such as low temperature, high yield, rapid response and so on.
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A new green and effective method for the construction of C(sp’)-P bond is developed.

Keywords Indole, Phosphoryl methylene, Addition reaction
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1.2 KWHE
1.2.1 b8 1a~1k 4 05 FAE

FE 25mL B9 BB H A 2mmol K 2R ,
ImL & BEVE fif,0°C 5 14 T 248 3% i 1mL 1mol/L
NaOH &, ZFiR FTHHER N 1h, SR A 2mmol
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B,k U8, 2R U U U bR 2 i A A5 g g
ML AL A Y 1a~ 1k,

1.2.2 kAW 2a~2k A K

£ 25mL B R RO B o Ak A W1
(0. 5mmol) 1 202mg( Immol ) - ZEFE B, H 1mL
T B R, N 488. Tmg (1. 5mmol ) Bk B2
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G I EEHOR , oK B 2 A0 T 1 U 0 75 T B
FIEFRVSHL =1 . KL P ] D A €335 2 Ak (i
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bW 2a, 1@ E A1 4 221.3~222.4 C,
FEH 92% ;'H NMR (400MHz, CDCL, ) §: 7. 84 ~
7.80(m,2H),7.76 (d, J=7.8Hz,2H),7.50 ~
7.38(m,4H),7.29(m,5H),7.21(s,1H),7.13
(td,J=7.6.2.8Hz,2H) ,6.91(dd, =24 8. 8Hz,
2H),6.50(d,J=3.2Hz,1H) ,4.52(t,]=8.8Hz,
1H) ,4.06(ddd,J=18.0,10.4 4.0Hz,1H) ,3. 46
(ddd, J=18.0.9.2.2.0Hz, 1H),3.24 (s,3H),
2.31 (s, 3H);"C NMR ( 101MHz, CDCI, ) §:
196.70,135. 83, 134. 65,133.45,132.35,131. 93,
131.17,129.02,128.58,128.21,128.12,127.72,
122.84, 119.95, 108. 80, 101.61, 39.91, 34.89,
34.22,31.46, 30.23,29.13;*P NMR ( 162MHz,
CDCl,) 8:31.26; HRMS ( ESI) m/z: C,, H,,NO,P
[M+H]" . PRI {H 477. 1858 ; 52l 477. 1860,

AW 2b A TE A 16 41 219.2~220.1 C,
7% 93% ;'H NMR (400MHz, CDCL, ) §:7.75 ~
7.81 (m,2H),7.75(d, J=7.6Hz,2H),7.50 ~
7.39(m,5H),7.32~7.28(m,5H),7.14(d, J =
7.6.2.8Hz,2H) ,6.82(s,2H),6.79(d, ] = 8Hz,
1H),6.53(d,J=2.4Hz,1H) ,4.53(t,J=8. 8Hz,
1H) ,3.96(ddd,J=18.0.10.8 4. 0Hz, 1H) , 3. 46
(ddd, J=18.0.9.2 1.6Hz, 1H),3.24(s,3H),
2.35 (s, 3H);"C NMR ( 10IMHz, CDCl, ) §:
195.67,136.31,132.92,132.38,131.28,131.93,
130.70,120. 12,129. 89,127.97,127.53,127. 23,
127.11,124.51,120.09,118. 88, 108. 09, 100. 97,
38.94, 33.04, 28.66, 21.65, 20.84;'P NMR
(162MHz, CDCI, ) 8: 31.31; HRMS ( ESI) m/z:
C,HNO,P [M+H]". B {H 477. 1858, sZ il
8 477. 1859,

G 2¢. FIETEA 5 218.4~219. 1 C,
J23 91% ;'H NMR (400MHz, CDCI, ) 8:7.85 ~
7.81(m,2H),7.77(d, J=8.0Hz,2H) , 7. 64 ~
7.59(m,3H),7.42~7.38(m,4H),7.30 ~7.26
(m,3H),7.15~7.13(m,2H) ,6.80(t,J=7.6Hz,
1H) ,6.53(d,J=6.4Hz,1H) ,4.53(t,/=9.6Hz,
1H),3.96(ddd,J=18.0.10. 8 4. 0Hz,1H) ,3.51
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(s,3H),3.46(dd,J=17.6.9.2Hz,1H) ,2.51 (s,
3H);"C NMR ( 101MHz, CDCl, ) &: 196.78,
136.21,134.87,133.48,132.39,131.90, 131. 78,
131.20,130.78,129.02,128.91,128. 60, 128. 46,
128.26,128. 14, 124.51,120.61,119.41,118. 56,
102.98, 39.78, 34.01, 32.06, 31.45, 30.22,
29.70,20.52;'P NMR( 162MHz,CDCI,)8:31. 51 ;
HRMS (ESI) m/z: C, H,,NO,P [ M+H]": B i (4
477. 1858, 5L I{H 477. 1861,

L&Y 2d; 8 H @K, IE 8 220.4 ~
221.1 °C ,"* 89% ;'H NMR (400MHz,CDCI,)$§:
7.83~7.77(m,4H),7.55~7.51(m,1H) ,7. 64 ~
7.59(m,3H),7.49~7.42(m,3H),7.34~7.29
(m,5H),7.18~7.13(m,2H) ,6.96~6.93(m,J=
7.6Hz,3H) ,6.65(d,J=7.0Hz, 1H) ,4.52(t,]=
9.2Hz,1H),3.98 (ddd, J = 18.2,11.2 4. 0Hz,
1H) ,3.46(ddd,J=18.2.9.2 2Hz,1H),3.29(s,
3H);"C NMR ( 101MHz, CDCl, ) &: 195.57,
136.61,135.03,134.73,132.57,131.44,131. 04,
130.73,130. 14, 128. 04, 127. 62,127. 30, 127. 12,
125.36,124.51,120.733,118.25,106.73,99. 64,
38.92,33.36, 32.66, 28.52;”'P NMR ( 162MHz,
CDCI,)8:30.93; HRMS (ESI) m/z:C,,H,,CINO,P
[M+H]" BRI {E 497. 1311, 5 {H 497. 1313,

L&Y 2e. FHEFE R, 165 224.6~225.1 C,
7= 85% ;'H NMR (400MHz, CDCl, ) 8:7.81 (t,
8.8Hz,2H),7.50(d,J=7.2Hz,1H) ,7.46~7.43
(m,4H),7.33~7.28(m,3H),7.23 ~7.28 (m,
3H),7.23~7.19(t,J=7.2Hz,1H),7.17 ~7.08
(m,4H),7.05~7.02(m,3H),6.99 ~6.95(m,
1H) ,6.56(d,J=2.4Hz,1H) ,4.52(t,J=9. 0Hz,
1H),3.82(ddd,J=18.0,10.8.2.4Hz, 1H) ,3.41
(ddd, J=18.0.9.6.2.4Hz, 1H),3.23(s,3H),
2.11 (s, 3H);”C NMR ( 101MHz, CDCL, ) §:
199.38,137. 14,135.94,131.31,130.90, 130. 81,
130. 65,130. 15,127.93,124. 67,120. 22, 119. 30,
118.37, 108.03, 101.24, 41.42, 33.57, 33.57,
32.86,28.67,28.07,19.94;”'P NMR ( 162MHz,
CDCl,) &:30.98; HRMS ( ESI) m/z: C,,H,,NO,P
[M+H]" . BRI {E 477. 1858, 52l 477. 1860,

&y 2f (L EER JE 5 223.5~224.1 C,
73R 88% ;'H NMR (400MHz, CDCI, ) 8:7.96 ~
7.83 (m,2H),7.66~7.60(m,2H),7.60~7.47
(m,4H),7.40~7.27(m,4H) ,7.23(d,J=7.2Hz,

1H),7.17(td, J=7.8,3.0Hz,2H),7.13 ~7.06
(m,2H),7.01(ddd, J=7.8.5.6,2.4Hz, 1H),
6.69(d,J=2.8Hz,1H) ,4.61(t,/=8.6Hz,1H),
4.06(ddd,J=18.0.10.6.3.6Hz,1H) ,3.46(ddd,
J=18.0.9.4 2.0Hz,1H) ,3.34(s,3H),2.31(s,
3H);”C NMR ( 10IMHz, CDCl, ) &: 196.81,
138.46,136.58,134.70, 134.25,132.37,131.92,
131.72,131.05,129.01,128. 62, 128. 21, 127. 72,
125.29,121.18,120.30,119. 83,109. 07,102. 18,
40.01,33.69,29.07, 21.21;”'P NMR ( 162MHz,
CDCl,) 8:31.46; HRMS (ESI) m/z: C, H,,NO,P
[M+H]" . PRI {H 477. 1858, 52 l{E 477. 1862,

b & W 2g. ¥ A &K, IE T 2265 ~
227.3 °C, %% 86% ;'H NMR (400MHz,CDCI,) 8
7.91(t,8.8Hz,2H) ,7.69(d,J=8.4Hz,1H) ,7. 62
~7.54 (m,2H),7.53~7.50(m,3H),7.20(td,
J=7.6.2.8Hz,2H),7.14~7.09(m,2H) ,7.06 ~
7.02(m,4H) ,6.67(d,J=2.4Hz,1H) ,4.58(t,/=
9.2Hz,1H), 4.00 (ddd, J = 18.0, 10. 8, 4. 4Hz,
1H),3.47(ddd, J=18.0.9.2 1.6Hz, 1H) , 3. 34
(s,3H);"”C NMR ( 101MHz, CDCI, ) &; 195. 80,
136.92,134.51,132.45,132.01,131.73,131. 10,
130. 85,130.49,129. 61,129.08,128. 78, 128.29,
127. 64, 121.30, 119.45,109. 09, 102. 13, 60. 39,
53.43, 39.87, 34.15, 33.45, 29.08, 21.06,
14.22;*P NMR( 162MHz, CDCI, ) 8:31. 09; HRMS
(ESI) m/z: C,H,,BrNO,P [ M + H ]"; B if {H
541. 0806, 3 {H 541. 0808,

f£& W 2h, B [ @K, IE A 215.6 ~
216.4 °C 73R 84% ;'H NMR (400MHz,CDCl,) 8
7.91(t,8.8Hz,2H),7.60(d,J=6.8Hz,1H) ,7.57
~7.51 (m,3H),7.46(d,J=8.0Hz, 1H),7.40 ~
7.28(m,5H),7.23~7.19(td, J = 7.6, 2. 8Hz,
2H),7.15~7.09(m,2H),7.06~7.02(m,2H) ,
6.67(d,J=2.4Hz,1H) ,4.61(t,J=9.2Hz,1H) ,
3.82(ddd, J=18.0,10.8,4.0Hz, 1H), 3.78 (s,
3H),3.51(ddd,J=18.0.9.6.1.6Hz, 1H) ,3.34
(s,3H);"C NMR ( 101MHz, CDCl, ) 8: 196. 56,
159.77,137.51,136.93,134. 66,132.40,131. 96,
131.75,131.12,129. 61,129. 05, 128.27,127. 69,
121.21,120. 83,120.29,119. 38, 112.02, 109. 08,
102. 17, 55.45, 40.07, 34.19, 33.48, 29.71,
29.07;"'P NMR( 162MHz, CDCl, ) 8:31.22; HRMS
(ESI) m/z; C,H,NO,P [ M+ H]"; it {8
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493. 1807, S {H 493. 1810,

k&Y 2. ¥ H @ E K, B 21008 ~
211.4 °C,/*% 81%;'H NMR (400MHz,CDCI, )5
8.42(s,3H),7.98(t,/=8.4Hz,2H),7.91~7.85
(m,2H),7.78~7.76 (m,2H),7.59 ~7.48 (m,
6H),7.38~7.32(m,3H),7.20~7.16 (d, J =
7.6.2.8Hz,2H) ,7.11~7.10(m,2H) ,7.05~7.00
(m,1H),6.78(d,J=2.4Hz,1H),4.69 (t, ] =
8.8Hz, 1H), 4.28 (ddd, J = 18.0,11.2 4.0Hz,
1H),3.63(ddd, J=17.6.9.2 1.2Hz, 1H) ,3.72
(s,3H);"”C NMR ( 101MHz, CDCL, ) 8: 196. 56,
136.95,135.69,134.70,133.45,132. 46, 132. 37,
129. 13,128.75,128.46,128.30,127.71,126.91,
123.48,121.22,120. 34, 119.40,109. 10, 102. 22,
39.95,34.13,33.42,29.12;”'P NMR ( 162MHz,
CDCL,) 8:31.52; HRMS (ESI) m/z: C,,H,,NO,P
[M+H]" . Fip{H 513. 1858, 52 ll{4 513. 1860,

&Y 25 8 F 6K, B 212.6 ~
213.4 °C,/®*% 73%;'H NMR (400MHz,CDCI, )5
7.89~7.86(m,2H),7.78 (d, J=8.0Hz, 1H),
7.72(d,J=8.0Hz, 1H),7.54 ~7.45(m,4H) ,
7.37~7.27 (m,4H),7.19 (s, 1H),7.15~ 7. 11
(m,2H),7.05~7.02(m,2H),6.98 ~6.94 (m,
1H),6.69(d,J=2.4Hz,1H) ,4.54(t,J=8.8Hz,
1H) ,4.08(ddd, J=17.6.11.2 4.0Hz, 1H) ,3. 49
(ddd,J=17.2.8.8.1.2Hz,1H) ,3.26(s,3H);"C
NMR (101MHz,CDCI,)6:190. 18,141. 56,137. 90,
136.95,135.93,131. 45,130. 99, 130. 73, 130. 04,
128.46,128.10,127.28,126. 65, 125. 10, 124. 05,
121. 84,120.26,119.32,118.39,108. 08, 101. 31,
52.39,39.24,33.10,32. 40,28.68,26.19,21. 67,
17.43;* P NMR( 162MHz, CDCIl, ) 8:31. 15; HRMS
(ESI) m/z:; C,H,,CINO,PS [ M +H ", H it {i
519. 1422, 5Z0{H 519. 1425,

& W 2k B A AR, A 2042 ~
205.1 °C, /"% 74% ;'H NMR (400MHz, CDCI, )5
7.91(t,8.8Hz,2H) ,7.61~7.50(m,4H) ,7.39 ~
7.30(m,4H),7.20~7.19(m,2H),7.13 ~7.07
(m,2H),7.05~7.01(m,1H) ,6.93(s,1H) ,6. 88
(s,1H),6.72(d,J=1.6Hz,1H) ,6.19(s,1H),
4.61(t,J=9.2Hz,1H) ,3.47(ddd,J=16.4 11. 4
4.0Hz,1H),3.32(d,1H),3.28(s,3H) ;°C NMR
(101MHz, CDCl, ) &: 186.31, 136.90, 132.44,
132.02,131.81,131.39,131.08,129. 06, 128. 29,

124.88,121.17,120.39,119.33,116.99, 110. 97,
109. 03, 102.48, 53.43, 45.85, 38.61, 34.05,
33.35,29.72,29.03;°'P NMR ( 162MHz, CDCI, )
8:31.99; HRMS (ESI) m/z: C,,H,,N,0,P [ M +
H]* . FIS{H 519. 1422, S2N4E 519. 1425,

2 HR5®

2.1 EAFBIFIE

B OB S| W 0 TR FE AL B ) 1 Hy 2-mg Ik
BERAL G 5 2R AL A W) 45 1 4 6 i K
N A SEE DA WA B B ) 1a 5 TR
AU 1 S I S AR AT R I R AR

T, 8T JUR RO K2 ) 5 25 58 F
F 1, SN TE G BR B b R R R 2 AT, R 2
FREZMHE, M2 55 1 Na,CO, . K,CO,,
Cs,CO, NaOH 1E AT, =i 7 A W i
SR YLLK T 80% B = kA% B AR = 9
2a (£ 1,856 1.3.4 f18), 14 H K,PO,.
Na, PO, .Cu( OAc), % AE M AL 3R], 4E 4 2 1 i
], PE AR (21,86 5~7) , TEARIAATE
Al fi Ak R A1 0 T IR RE =R 4R S B 30°C, T
Fbnr=9 e i (X5 9) . HCSL I ik # Cs,CO,
VER BT R 4T T — 2 BT

F1 ELFX R R

Tab.1 The effect of catalyst on addition reaction

(¢]
Q B base, DCM
O N\_/ * Ph” 1~ Ph t
N o) H rt.

~0
" o P
FE A7) I t/h  T/C  2a7=%/%"
1 Na, CO, CH,Cl, 2.5 rt 81
2 NaHCO, CH,Cl, 2.5 rt 75
3 K, CO, CH,Cl, 2.5 rt 85
4 Cs,CO, CH,Cl, 2.5 rt 95
5 K, PO, CH,Cl, 3.0 rt 72
6 Na, PO, CH,Cl, 3.0 =t 48
7 Cu(OAc), CH,Cl, 3.0 rt 20
8 NaOH CH,Cl, 2.5 rt 85
9 Te AL CH,Cl, 2.0 30C nr

0. Smmol JZ 1 49 1a, Lmmol — 7 3 % B , £ A1 19 bt
DeqiHEIR BT 4157
2.2 REZFHHMRAL

it — A R RO B 2 A X AL
G SR ] (oK i) AR SR AT T i —
WR . WL 2 Fros 4 2 R A AR AL R
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PLHZR DMF | GE e R i i 50 77 2 7E 50°C
SR 2h, A REAR B S B 7R R (R 2,0 1.2,
3) o LS W ke i 2 R RN 2h 5t fig
gL 92% 1) 7= Rk Binfb &4 2a (% 5) .
PR I 36 46— GR0 HR e A s I 3 9 AT 4 R ok i F
5% o Y KON A AE K 3 2. 5h B 7R ARG AR B
(F 2,8 5), MM EKRT 2 MR =R 48
AR AET 1.5 a2 TR R, 25,
DA TR 25 AR« DL U 658 Ry S iz i 341 A A 511
R 2 £ 4 RN E] 2h,
2.3 KPR

TERfE T LA R 26 1R I, 6 R I 14 35 IS
YIE I BEAT 7T %8, WK 2 i, EY 1 454
T Ar, Ar, SRS T (-CH, ,-OCH, ) if

R
@ N_/ + /FI:\
3 ,\1 o] Ph I‘-| Ph
1

2b, *#93%

2¢, F7%91%

K2 REFHHMHL

Tab.2 Optimization of the reaction conditions

Enry  fiEfb7) 5" I vh T/C 2a7=R/%"
1 2. Oeq R 2.0 50 84
2 2. 0eq DMF 2.0 50 82
3 2. 0eq Edk 2.5 50 81
4 2. 0eq CH,Cl, .5  rt 80
5 2. 0eq CH,Cl, 2.0 rw 92
6 2. 0eq CH,Cl, 2.5 r. t. 93
7 1. 5eq CH,Cl, 2.0 T t. 80
8 2. 5eq CH,Cl, 2.0 rt 91
*0.5mmol JZ W ¥ 1a, Immol . 7% Kt & B, i 1k F K

Cs,CO, ;" KEEBT AT 88 7= %

JEWE L TR (-CL —-Br) 1935 TR RS T4 A
TR (2a~21) o M Ar, NI IF R AL 3R
F5 ke mt, [FBE LA 73% ~ 81% F 7= % D) 35 45 H A
L& 2.2k,

O
Cs;C05 (2eq) N
—_— =
CH,Cl, @ -0
2h,rt. ,N /P\
PR" Ph

N PO
7\
PH Ph
2f, 7 %88%

2e, F=385%

2d, 7" %89%

-0 =0 _ N P/’O
N R h /on N /P\/O s
P Ph Ph PH Ph
2g, /*#86% 2h, j*3284% 2i, " 3R81% 2j, " ERT73% 2k, FERT4%
B2 KMENEFR

Scheme 2 Research on substrate adaptability

2.4 RRMHLE

HRAE Z AT 9F 58 R A, #E I 1 3% BB AT e A BIL
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[, 8 R4 Z= Bl v 0 S R A AR AR
SE T AAE R T SRR O T R A Tt
P W e A SR AN s R i I A (TS) | B
il o AR H AR 2a,

3 #Hig

A AR A <6 Jm M AR gl e d e R Ak S 4 5 —

AR P—H BN AL, R R B T
ROV EAT Z A0 b (S50 2 R Al B 75 ] B
2R T ot S P AL 0, O 5 e A 2R ) T I
FREATT A W A o R T — Rl 8 T R O
L TEA LA B A B TSR . R
& C—P B PLBRL 5 W) BT TS SR A7 7 —
SE WRHME AR B FEATE AR 5 /0, e L T e 1 B g
R SE AT — R B R T T I PP R AL
BN, AT Ry 52 25 g WE A4 B A W 16 v A AL BRI 5 B
G AR I AR . T A RS AR R 2 R



http://www. hxtb. org

fe2FE i 2023 4F 26 86 & 2H S ) - 629 -

H-P—Ph
Ph
Cs2CO3ﬂdeprotonative
(S}
; 2o .
e?—mw==*-$—Ph Cs
Ph Ph

EX 3 TIEeRyRAHE
Scheme 3 Proposed reaction mechanism
PEFVRRTRME R 012 2 52 0 Y AL B8 A 1 1k —
B IRAWEIE
2 % X M

[ 1] M, HMEsc, skFT, 5. AHLIk, 2016, 36(4) : 673
~686.

[2]

[3]

[4]
[5]

[6]
[7]

[ 8]

(9]

[10]

[11]

[12]

s, BEN, EEa, % AL, 2010, 30(1): 1
~8.

Haemers T, Wiesner J, Poecke S V, et al. Bioorg. Med.
Chem. Lett. , 2006, 16; 1888~ 1891.

Maryanoff B E. J. Med. Chem. , 2004, 47 769 ~787.
Szymezyk K, Malczewska M. Chromatographia, 1998, 48:
156~ 157.

ik, Ve, MR PRIZEE, 2022, 20(1) : 121~128.
Hayashi K, Tan X, Zheng N, et al. PNAS, 2008, 105
(14): 5632~5637.

ETH, XK, TaE, % Mk TR¥H, 2017, 2(5)
70~75.

JUEERE. BT TR AL I W SR AT A W A S
N JHBFSE. 0 g ARl R 5 2 60318 3¢, 2020.
Greenberg S, Gibson G L, Stephan D W. Chem. Commun. ,
2009, 3. 304 ~306.

Hao X Q, Huang J J, Wang T, et al. J. Org. Chem. , 2014,
79(20) : 9512~9530.

Oparina L. A, Gusarova N K, Vysotskaya O V, et al.
Synthesis, 2014, 46(05) : 653 ~659.



