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Base-mediated Hydrophosphinylation of Sulfonyl Indoles
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Abstract ; Phosphoindole derivatives are an important class of organophosphorus compounds, which not
only widely exist in pharmaceutical preparations, but also widely exist as ligands and intermediates in
materials science and organic synthesis. A series of 3-phosphine substituted indole compounds can be
obtained in high yield by Michael addition of intercalated imine intermediates generated in situ using
phosphine nucleophiles. In this paper, we reported the Michael addition of diphenylphosphine oxide to
vinylogous imine intermediates in situ generated from sulfonyl indoles with Cs,CO; as the base. Eleven
structurally diverse 3-( 1-diphenylphosphoryl-arylmethyl) indoles 3a ~ 3k were obtained with high yields
ranging from 72% to 98% . These compounds were characterized by 'H NMR, “C NMR, *'P NMR,
melting point and HR-MS( ESI-TOF') .

Keywords: indolyl-based phosphine; sulfoyl indole; vinylogous imine intermediate; diphenylphos-
phine oxide; michael additon; hydrophosphination
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BV TAERE 24 AR 25 FUbH Rl A S sl 4 1) 1z 1]
P8, BT T2 e SR, i SCHk
W, B I 3- (- 156 4 ) FH RE M| Wi 1) 125 4%
WU ST, S TR SR A g
ZAEALIY 3- (1 -tk ) HY Jkns| e HoA 8 200 3,
NI FERE AL 25 0 T

R E 05 e , 7 51/ T 7T DAL AR
I P 8 s [ R AR A4 SV e o ] 4 ( Indole-derived vinyl-
ogous imine intermediates ) , #F I 1 4% Fb 2 4% 32 1]
SN, DT AS) 2 2% A AR B s 2 i A= . (L H
TR ER 53 SCHR Y8 R G i FIRRAE Sy A% 0]
L8 S [VAT AN (15 S P R (B E S 3 i
ARG gt 5| W 1) B 0 AE /b, 2016 4R, 2Rl
20 HRAE TR AR 38 5 Sk R
WL IR Y MR R AT A . A B E S — 2K
RGFEZGH], B &8l iz F T & MR
BRI S C—P ik,

ARTCLL 3-fii P KL s e (1) Rl A FESERE(2)
IR FURL, B 1a TEBRREE I VE T, IR 2R
3815 | R 25 IV i 7 ] 42K ( Indole-derived vinylogous
imine intermediates) , ¥ [ #1 2 % 2k #§ Z¢-Michael
ISR, 45 1 3-(1-Ri e L ) FEms e (&1 1) o

1 SLIERsy

L1 BLE LKA

BiichiB-545 A4 5 {¥ ; Bruker-300 MHz %I 1
Bruker-400 MHz %A% 5L 4R {1 ( CDCL, FIDMSO-d,
HVER], TMS S FR ) ; Bruker Q-TOF AUFI Agilent
6545 1L.C/Q-TOF Bl & 43 BE ik %

SR PR X D e A 4l

1.2 4ubi43a~3k 94 m%

LA A 3a R« 2 S A FP R A 3 -1
Pk 3L0E| % (1a, 0.20 mmol, 75.03 mg) . Cs,CO, (1
eq, 65. 16mg) Fl — Z& K& B (2, 0. 24 mmol,
48.49 mg) ,FEANA 1,2-— 5 Z % (DCE, 2 mL),

Synthesis route of 3-(1-phosphoryl) methylindole

F50 CRHEHE 3 h (TCL Wil S iy ), B2 W 56 1%
Jo R JE T (IR RO - CROTR - —
AHBE=2.5:1.0:1.0, V:V: V)45 Hix
724 3a 41.27 mg, WK 98% .,

3a. [ & [E K, UK 98% , m. p. 140. 7 ~
141.1 °C; '"H NMR (300. 0 MHz, DMSO-d,) §:
10.74(s, 1H), 8.35 ~8.27(m, 1H), 8.01 ~
7.91(m, 2H), 7.78 ~7.68 (m, 2H), 7.60 ~
7.53(m, 2H), 7.42(d, J =6.8 Hz, 3H),
7.35~7.25(m, 3H), 7.16 ~7.00 (m, 4H),
6.94 ~6.86 (m, 2H), 5.47(d, J =11.9 Hg,
1H), 2.42 (s, 3H); "C NMR (75. 0 MHz,
CDCl,) §: 137.4(d, J=2.8 Hz), 135.2, 133.6
(d, J=7.9 Hz), 133.3(d, J=94.5 Hz), 133.1
(d, J =99.7 Hz), 131.5(d, J =8.3 Hz),
131.4, 131.3(d, J=2.3 Hz), 131.1(d, J=8.8
Hz), 130.1(d, J=6.8 Hz), 128.5(d, J=11.2
Hz), 128.4, 128.3, 128.0(d, J =11.5 Hz),
126.6, 120.9, 119.7, 119.3, 110.2, 107.3(d,
J=5.1 Hz), 45.0(d, J =69.8 Hz), 12.8;
'P NMR (243. 0 MHz, DMSO-d,) &: 27.16;
HR-MS( ESI-TOF) caled for C,, H,, NONaP { [ M +
Na]* |444. 1488, found 444. 1493,

3b. (o [ A, R 98%, m.p.155.8 ~
156.3 °C; 'H NMR (600. 0 MHz, DMSO-d,) §:
10.80 (s, 1H), 8.26 (d, J =7.6 Hz, 1H),
8.02~7.92(m, 2H), 7.73(dd, J =10.0 Hz,
8.0 Hz, 2H), 7.53(d, J=8.3 Hz, 2H), 7.48 ~
7.43(m, 3H), 7.37 ~7.32(m, 3H), 7.31 ~
7.28(m, 2H), 7.12(d, J=7.7 Hz, 1H), 6.91
(p, J=6.9 Hz, 2H), 5.49(d, J =11.6 Hz,
1H), 2.41 (s, 3H); "C NMR (151. 0 MHz,
DMSO-d,) &: 138.1(d, J =1.3 Hz), 135.1,
133.9, 133.6(d, J=83.4 Hz), 133.5(d, J =
98.1 Hz), 131.9(d, J=6.6 Hz), 131.4, 131. 3,
131.2(d, J=8.6 Hz), 130.9, 130.4(d, /] =8.6
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Hz), 128.9(d, J=12.7 Hz), 128.5(d, J=10.9
Hz), 128.2(d, J =11.2 Hz), 127.6, 120.1,
119.6, 118.4, 110.2, 106.3(d, J =4.3 Hz),
42.8(d, J =69.3 Hz), 12.1; P NMR (243.0
MHz, DMSO-d,) §&: 29.98; HR-MS ( ESI-TOF )
caled for C,g H,, NOPBr {[ M + H] " | 500. 0780,
found 500. 0779,

3c: 1 AR, LR 77% , m. p. 126.7 ~
127.4 °C; '"H NMR (300. 0 MHz, DMSO-d,) §:
10.83(s, 1H), 8.32 ~8.18(m, 2H), 7.91(m,
2H), 7.79 ~7.71 (m, 2H), 7.47 ~7.41 (m,
3H), 7.38 ~7.26 (m, 3H), 7.16 ~7.02 (m,
3H), 6.99(d, J=9.1Hz, 1H), 6.96 ~6.87(m,
2H), 5.63(d, J=11.7 Hz, 1H), 2.37(s, 3H);
"C NMR (75.0 MHz, CDCL,) §: 160.2(d, J =
244.4 Hz), 160.1(d, J =244.4 Hz), 135.1,
133.0(d, J =96.4 Hz), 133.5(d, J., =1.7
Hz), 132.8(d, J=93.9 Hz), 132.2(d, J., =
1.6 Hz), 131.6 (d, J., = 2.5 Hz), 131.4,
131.3, 131. 1(d, J., =8.9 Hz), 128.6, 128.4,
128.1(d, J.p, =11.6 Hz), 124.9(d, J., =15.2
Hz), 124.3(d, J., =2.8 Hz), 121.1, 120.4,
119.6, 115.0(d, J., =23.2 Hz), 110. 1, 106. 42
(d, Jop=4.7 Hz), 36.34(d, J., =71.9 Hz),
12.6; P NMR(162. 0 MHz, CDClL,) §: 31.99;
HR-MS( ESI-TOF) caled for C,q H,, FNOP { [ M +
H] *}440. 1574, found 440. 1579,

3d: (AR, XK 82%, m.p.133.2 ~
133.7 °C; '"H NMR (300. 0 MHz, DMSO-d) §:
10.81 (s, 1H), 8.47(d, J =7.2 Hz, 1H),
8.09 ~7.89(m, 1H), 7.78(dd, J=9.8 Hz, 7.7
Hz, 2H), 7.67 ~7.54(m, 2H), 7.51 ~7.36(m,
4H),7.36 ~7.18(m, 4H), 7.13(d, J=7.3 Hz,
2H), 6.96 ~6.75(m, 2H), 5.56(d, J=11.2
Hz, 1H), 2.22(s, 3H); “C NMR(101.0 MHz,
DMSO-d,) §: 135.5, 135.0, 133.9(d, J =94.8
Hz), 133.8(d, J=102.2 Hz), 133.2(d, J=5.6
Hz), 132.5, 132.3, 132.1(d, J =5.3 Hz),
131.5(d, J=11.4 Hz), 130.8(d, J=9.1 Hz),
130.7, 129.4, 128.5(d, J=11.0 Hz), 128.4,
128.2(d, J=11.3 Hz), 127.6(d, J=3.3 Hz),
126.7, 120.4, 119.9, 118.3, 110.2, 104.0(d,
J=5.0 Hz), 40.4 (d, J =71.1 Hz), 12.1;

*'P NMR (243 MHz, DMSO-d,) §: 31.05; HR-MS
(ESI-TOF) caled For Cp H,,NOPCI{[M + H] "}
456. 1284 , found 456. 1281,

e [0 B4R, 2 84% , m.p.99.3 ~99.6
°C; "H NMR (300. 0 MHz, DMSO-d,) §: 10.83
(s, 1H), 8.40 ~8.18(m, 1H), 8.05 ~7.91(m,
2H), 7.80 ~7.67(m, 2H), 7.60(s, 1H), 7.54
(d, J=7.0 Hz, 1H), 7.46(s, 3H), 7.36 ~7.23
(m, 3H), 7.21 ~7.06 (m, 3H), 6.98 ~ 6. 84
(m, 2H), 5.52(d, J=11.8 Hz, 1H), 2.43(s,
3H); "C NMR(75.0 MHz, DMSO-d,) &: 140.9
(d, J=1.7 Hz), 135.1, 134.1(d, J=6.2 Hz),
133.5(d, J=96.5 Hz), 133.3(d, J=98.4 Hz),
132.5, 131.4(d, J=9.6 Hz), 131.2(d, J=8.7
Hz), 130.5(d, J=8.7 Hz), 129.8, 129.5(d,
J=6.8 Hz), 128.6, 128.4, 128.2, 128.1,
127.6(d, J =3.8 Hz), 126.4, 120.5, 120.2,
118.5, 110.3, 106.2(d, J =4.5 Hz), 43.1(d,
J=69.1 Hz), 12.2; P NMR (243. 0 MHg,
DMSO-d,) §: 30.23; HR-MS(ESI-TOF) caled for
Cy Hy,, NOPCI {[ M + H]* | 456.1284, found
456. 1273,

3f A A, I 86% , m. p. 100. 1 ~100. 3
°C; '"H NMR (300. 0 MHz, DMSO-d,) &: 10.84
(s, 1H), 8.33 ~8.24(m, 1H), 8.04 ~7.94(m,
2H), 7.81 ~7.71 (m, 6H), 7.47 ~7.39 (m,
3H), 7.38 ~7.27(m, 3H), 7.16 ~7.11 (m,
1H), 6.97 ~6.87 (m, 2H), 5.61(d, J=11.6
Hz, 1H), 3.74(s, 3H), 2.44(s, 3H); "C NMR
(75 MHz, DMSO-d,) 8: 166.0, 144.2(d, J=1.7
Hz), 135.1, 133.5(d, J=82.7 Hz), 133.4(d,
J=108.4 Hz), 131.3(d, J=7.1 Hz), 131.2(d,
J=8.8 Hz), 130.5(d, J=8.7 Hz), 130.1(d,
J=6.6 Hz), 128.9, 128.5, 128.3(d, J=7.2
Hz), 128.1, 127.7(d, J =3.8 Hz), 127.6,
120.5, 120.1, 118.4, 110.2, 106.0(d, J=4.8
Hz), 52.0, 43.6 (d, J =69.2 Hz), 12.2;
P NMR (243. 0 MHz, DMSO-d,) §&: 30.73;
HR-MS( ESI-TOF) calcd for C; H,,NNaO,P{[ M +
Na]*1502. 1543, found 502. 1545,

3g: [ A [E A, I # 90% , m.p.225.6 ~
226.1 °C; "H NMR (300. 0 MHz, DMSO-d,) §:
10.89(s, 1H), 8.48(s, 1H), 8.04(d, J=7.3
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Hz, 1H), 7.88 ~7.76(m, 2H), 7.70 ~7.60(m,
2H), 7.51 ~7.43(m, 3H), 7.39(d, J=7.4 Hz,
1H), 7.35 ~7.28 (m, 3H), 7.25 ~7.11 (m,
2H), 6.98 ~6.85(m, 2H), 5.54(d, J=11.2
Hz, 1H), 2.26(s, 3H); "C NMR(75.0 MHz,
DMSO-d,) 8: 137.6, 135.1, 134.7(d, J =8.4
Hz), 133.2, 132.8, 131.9(d, J =2.0 Hz),
131.8, 131.7, 131.5, 131.4, 131. 1, 130.8(d,
J=2.9 Hz), 130.7, 130.6, 128.7(d, J=11.0
Hz), 128.3, 128.2, 127.4(d, J =2.8 Hz),
120.1(d, J =12.7 Hz), 118.6, 110.5, 103.6
(d, J=4.8 Hz), 40.4(d, J=69.7 Hz), 12.2;
'P NMR (243. 0 MHz, DMSO-d,) §: 30.23;
HR-MS(ESI-TOF) caled for C,H,; NOPCL, { [ M +
H]*}490. 0894, found 490. 0888,

3h. ¥ {4 [& &, Ik = 86% , m.p.148.9 ~
149.1 °C; '"H NMR (300. 0 MHz, DMSO-d,) §:
10.68(s, 1H), 8.26 ~8.19(m, 1H), 8.15(d,
J=7.8 Hz, 1H), 7.78 ~7.68(m, 2H), 7.66 ~
7.57(m, 2H), 7.45 ~7.35(m, 3H), 7.35 ~
7.26(m, 3H), 7.12 ~7.01 (m, 2H), 6.92 ~
6.86(m, 2H), 6.84 ~6.75(m, 2H), 5.75(d,
J=12.0 Hz, 1H), 3.63(s, 3H), 2.33(s, 3H);
“C NMR (101. 0 MHz, DMSO-d,) §: 156.0(d,
J=7.5 Hz), 135.1, 133.9(d, J =9.5 Hz),
133.8(d, J=93.8 Hz), 133.7(d, J=97.5 Hz),
131.3, 130.9(d, J=5.1 Hz), 130.7(d, J=8.6
Hz), 130.5(d, J =8.6 Hz), 128.4, 128.3,
128.2, 127.9, 127.8, 126.3, 120.8, 120.7,
120.0(d, J =5.6 Hz), 118.3, 110.7, 110.2,
106.1(d, J=4.1Hz), 55.5, 35.2(d, J=72.3
Hz), 11.9; *P NMR(162.0 MHz, DMSO-d,) §:
30.99; HR-MS ( ESI-TOF) caled for C,, H,, NO, P
[[M+H]"1452.1779, found 452. 1765

3i. WA, % 80% , m. p. 149.4 ~150. 2
°C; "H NMR (300. 0 MHz, DMSO-d,) &: 10.76
(s, 1H), 8.39 ~8.25(m, 1H), 8.11(s, 1H),
8.06~7.95(m, 2H), 7.81 ~7.70 (m, 3H),
7.70 ~7.64 (m, 3H), 7.43 ~7.36 (m, 5H),
7.36 ~7.28 (m, 3H), 7.15 ~7.05(m, 1H),
6.95 ~6.81 (m, 2H), 5.66(d, J =11.7 Hz,
1H), 2.44 (s, 3H); “C NMR (101. 0 MHz,
DMSO-d,) &: 136.3 (d, J =2.2 Hz), 135.0,

133.9(d, J=93.1 Hz), 133.9(d, J=8.8 Hz),
133.8(d, J=97.7 Hz), 132.6, 131.5, 131.3,
131.2, 131.1, 130.5(d, J =8.6 Hz), 128.5,
128.4,128.3, 128.1(d, J =11.2 Hz), 127.9
(d, J=7.4 Hz), 127.8(d, J=4.1 Hz), 127.5,
127.4, 126.1, 125.7, 120.6, 120.0, 118.3,
110.1, 106.7(d, J=4.5 Hz), 43.3(d, J=70.3
Hz), 12.2; P NMR(162.0 MHz, DMSO-d,) §:
30. 11; HR-MS ( ESI-TOF) caled for C,, H,, NOP
{[M+H]"1472.1830, found 472. 1824,

35 MO A, I # 86% , m. p. 129.2 ~130.0
°C; '"H NMR (300. 0 MHz, DMSO-d,) &: 10.76
(s, 1H), 8.38 ~8.22(m, 1H), 8.05~7.95(m,
2H),7.77~7.69(m, 2H), 7.48(d, J=7.7 Hz,
2H), 7.45 ~7.39(m, 3H), 7.33 ~7.24 (m,
3H), 7.15 ~7.09(m, 1H), 6.97 ~ 6.88 (m,
4H), 5.45(d, J=11.8 Hz, 1H), 2.42(s, 3H),
2.12(s, 3H); “C NMR(75.0 MHz, DMSO-d, )
5:135.5(d, J=3.1Hz), 135.3,134.4(d, J =
108.2 Hz), 134.0 (d, J =92.5 Hz), 133.6,
133.3, 131.2(d, J=8.9 Hz), 130.5(d, J=8.6
Hz), 129.7(d, J=6.8 Hz), 128.6, 128.5(d,
J=11.1Hz), 128.1(d, J=11.1 Hz), 127.8(d,
J =3.8 Hz), 120.7, 120.0, 118.3, 110.2,
107.1(d, J=4.3 Hz), 42.9(d, J=70.2 Hz),
20.6, 12.2; *'P NMR(243.0 MHz, DMSO-d,) §:
30.22; HR-MS ( ESI-TOF) caled for C,, H,, NOP
{[M+H]"}436. 1825, found 436. 1828,

3k [ E AR, I 72%, mop. 110.2 ~
110.5 °C; '"H NMR (300. 0 MHz, DMSO-d,) &:
10.74(s, 1H), 8.37 ~8.25(m, 1H), 8.08 ~
7.90(m, 2H), 7.80 ~7.67 (m, 2H), 7.56 ~
7.40(m, 5H), 7.37 ~7.21 (m, 3H), 7.15 ~
7.08(m, 1H), 6.95 ~6.87(m, 2H), 6.71(d,
J=8.6 Hz, 2H), 5.43(d, J=12.1 Hz, 1H),
3.59(s, 3H), 2.42(s, 3H); "C NMR (75.0
MHz, DMSO-d,) &8: 157.6, 135.1, 134.1(d, J =
93.3 Hz), 134.0 (d, J =91.2 Hz), 133.4,
133.5, 131.2(d, J=8.7 Hz), 130.8(d, J=6.7
Hz), 130.5, 130.4 , 128.4(d, J=11.1 Hz),
128.1(d, J=11.2 Hz), 127.8(d, J=4.0 Hz),
120.7, 120.0, 118.3, 113.4, 110.1, 107.3(d,
J=4.1Hz),54.9,42.4(d, J=70.6 Hz), 12.2;
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*'P NMR(243.0 MHz, CDCL,) §: 31.81; HR-MS
(ESI-TOF) caled for C,y Hy,, NO,P{[M + H] "}
452. 1779, found 452. 1774,

2 #R5itie

2.1 BmFArrA

TSR 1a F1 2 By BN AR 2 L, % B 2%
AT, 25 RN 1 s, L@ Wb R
IVLVE ), 25 NS S 46 SR 1 52, 45 R 3RO
T g Te ik HE AT, ToHLA A AL R Iz v A L
B, JH B R A P A A SR B 1 1 FH 46 > B i
FR4 , 2R 3 h BRE LA 84% W53 H br ™
Yy, PR 0 i R A Ay S I 1) e Al 42 3 Ak 25
i 1B SO AR, 45 R B AR PR AR AR 2R 0] 2
ol s W WA B A, DCE T REKE Bz o7 iR 42 T 2
90% , fit L £ DCE 150 Je i i) e AR 7.
A WFGE I, AR O P I X S 45 SR 5 AN
K, AE 50 C it 2R AE LA 98% YR 45 5] H A5 =
Yy, Bt LA s 2400 5 v e AR 50 °C . 28 AT
PRI ) Fe 4544 LA 1a (0. 20 mmol ) F1 2
(0.24 mmol) Ny J5 ¥}, iR E 45 (0. 20 mmol ) KB,
LA DCE(2 mL) S RO, 78 50 °C R #E4T K0 o

R1 RAIFRMAL

Table 1 Optimization of reaction conditions

Entry base solvent T/C Yield/% "
1 — DCM rt NR.
2 K, CO, DCM 1t 75
3 Cs, CO, DCM rt 84
4 DMAP DCM it 51
5 DIPA DCM it 31
6 Cs, CO, DCE it 90
7 Cs, CO, THF rt 80
8 Cs, CO, CH,CN 1t 22
9 Cs, CO, toluene 1t 48
10 Cs, CO, DCE 40 90
11 Cs,CO, DCE 50 98
12 Cs, CO, DCE 60 95

IR Z54F :1a(0. 20 mmol) , 2(0.24 mmol) , base(0.20
eq) , solvent(2 mL); "W MBI,

2.2 RMYRE

TERfE T Ee i SO S5 40 I, % 4 i 3 H
PEIEAT T4, G5 R K 2 iR, B e R
G117 W RS vy i ol g AL 1 S 7 S ) G e~ SRR R v
A W B B, 0 IR g 15 # AR KE (3b,
98% ) . HASAIR AL E AU IE (R X
PR B R (3¢ ~3Kk) o MR A K
LT A, B YRR B A R AIG (3¢ ~ 3g, T7% ~
90% ). MR L% BT, 268 DL R 4
eERE 3] B AR (3h ~3K) .

K2 S-ERRMIVIEYY &

Table 2  Substrates scope of 3-sulfonyl indoles

Entry R’ R’ 3 Yield/%

1 H Ph 3a 98
2 5-Br Ph 3b 98
3 H 2-FC(H, 3¢ 77
4 H 2-CIC H, 3d 82
5 H 3-CIC4H, 3e 84
6 H 4-COOMeC,H,  3f

7 H 2,5-CL,C¢H, 3g 90
8 H 2-OMeC,H, 3h 86
9 H 2-Naphthyl 3i 80
10 H 4-MeC,H, 3j 86
11 H 4-OMe 3k 72

3 it

AR SCAE TR TR He A F T, Tk ok 56 s | W g
% Jsr o A S v 7 A 104 | PR ST fg v ) 4 T S
RILEWE K A Michael i a2 7, #4) 8 45 #4) 3 80
() 3-(1-BEMESL) F LML G 9, 7= PRy
2% ~98% o %71k WWFFE & | Wefb & P He 4t
T AT Tk, AT N IR SR v ik
BV AEYEETR R AL S
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