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Enantioselective Conjugate Addition of Diethylzinc to Vinylogous
Imines Generated in situ from Sulfonyl Indoles
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(Chemical Synthesis and pollution Control Key Laboratory of Sichuan Province, College of Chemistry and
Chemical Engineering, China West Normal University, Nanchong 637000)

Ni, Chengyan Kang, Tairan

Abstract Enantioselective conjugate addition of diethyl zinc to vinylogous imines generated in situ from sulfonyl indoles
was developed. Various sulfonyl indoles reacted with diethyl zinc in the presence of chiral phosphoramidites in combination
with copper triflate affording the corresponding indole substituted alkanes in up to 99% yield with moderate to good enanti-

oselectivity (up to 80% ee).
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Enantioselective conjugate addition of vinylogous

SO,Ph . /

O N metal, 2 mol%, 4 mol% ligand

N
N solvent, -20 °C, Et,Zn O
p " i
4
Entry Ligand Metal Solvent  Yield/%  ee/%
1 3a Cu(OTf), Toluene 90 27
2 3b Cu(OTf), Toluene 99 32
3 3¢ Cu(OTf), Toluene 83 36
4 3d Cu(OTf), Toluene 32 22
5 3e Cu(OTf), Toluene 73 5
6 3f Cu(OTf), Toluene 89 36
7 3g Cu(OTf), Toluene 99 73
8 3h Cu(OTf), Toluene 55 14
9 3g CuOTf Toluene 55 46
10 3g CuBr Toluene 46 17
11 3g Cul Toluene 31 63
12 3g CuBr, Toluene 46 18
13 3g Cu(OAc), Toluene 21 62
14 3g CuCl, Toluene 25 38
15 3g Cu(0Tf), CH,Cl, 93 56
16 3g Cu(OTf), CHCl; 56 49
17 3g Cu(OTf), THF 82 54
18 3g Cu(OTf), Et,0 45 59
19 3g Cu(OTf), CPME 76 52
20 3g Cu(OTf), CH;CN <10 —
21¢ 3g Cu(OTf), Toluene 99 73
21% 3g  Cu(OTf), Toluene 83 70
22°¢ 3g Cu(OTf), Toluene 30 63
¢ RIAE—20 ‘CHEAT; " RBAE—40 C; ¢ RBAE—60 C.

TH sk 25 22 4 JE 0 s N (A s M e B Cu(OTH), e iAh
&)@ HA RIFmAb rERE, IS T Bemn =R 73%I1)
opmk et 78 2R i AR £ W CuCl,, CuBr,, Cul,
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Figure 1 Chiral phosphoramidites investigated in the work
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L AAFIRE, S B A AL e AR DR T
PG 2 mol% Cu(OTH), Al 4 mol%[1 Tt 4k 3g 7
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Table 2 Scope of substrates of enantioselective conjugate addi-
tion of vinylogous imines with Et,Zn

2 mol% Cu(OTf),
4 mol% (S,R)-3g

S R
IR}
o) N
2Zn —0> A\
N toluene, -20 °C ”

4a~4j
Entry R Product  Yield/% ee/%

1 C¢Hs 4a 99 73
2 4-MeCgH,4 4b 85 80
3 3-MeCgH,4 4c 94 68
4 2-MeCgH,4 4d 92 72
5 3-MeOCgH,4 4e 92 67
6 4-CIC¢H, 4f 85 72
7 3-CICgH,4 4g 90 46
8 4-BrCgH,4 4h 92 71
9 4-NCCgH,4 4i 46 16
10 Naphthyl 4j 66 78

B ARER I, BT RN R 0.1 mmol FAEL, fi
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P FE 45 O BB A . % e 3 B el v A5 A £ vk
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Figure 3 X-ray structure of 4f
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BRARFE LR, BT a8 R 2 =0 3% B #1&
i, HEENER 200~300 H IRk, S0 R 1Y
Bruker Avance 400MHz #% i I LHR PSS E 15 21, F1
OB 6% A% i Shimadzu LC20A & (F-HEAE N
Chirapak OD-H and AD-H columns, Daicel Chemical Ind.,
Ltd.), #5505 i Bruker micrOTOF-Q &, Tk
W A4S B SCHR[16] 7754 1, AR ST 10 PRl I P e 22
LI A B R SRR O k.

3.2 KWHE

Cu(OTHf), (0.002 mmol, 0.8 mg), T Vi Bk g Fic 14
(S,R)-3g (0.004 mmol, 2.2 mg)¥ T FHZE(1.0 mL)H Jf4E
RAMPEER NHEEE 1 h, IWABAHIEI—20 C, A
T RIS 1a (0.1 mmol, 34.7 mg)¥ T H 2K(1.0 mL) %
Wi+ ZnEt, (0.2 mmol, 0.2 mL 1.0 mol/L 1F CWeias). i
PRI 5 h 5, FIHORT NHLC (5.0 mL)# K N, LR
LWE(5.0 mL X 3)AEH, A AT I A NaCl %
(5.0 mLX3)WE¥, LATE/K Na,SO, T4 WK R 2%
S R 2T (PE-EtOAC, V@ V=100 : 1)43-FIAHMN (1)
IEG™=) 4.

(S)-3-(1-AFENHL)-1H-W|Wk(4a): FIEAEA, 7758 99%.
mp. 111~112 C, [a];y —3.9 (CHCL;, ¢ 0.31), 73% ee,
HPLC 47 #Tr(chiral OD-H column, 10% IPA in hexane,
rate: 1.0 mL/min, 254 nm); Retention time: #(minor)=28.4
min, #(major)=9.6 min; 'H NMR (400 MHz, CDCl;) J:
0.96 (t, J=7.4 Hz, 3H), 1.99~2.10 (m, 1H), 2.19~2.30
(m, 1H), 4.07 (t, J=7.6 Hz, 1H), 7.00~7.04 (m, 1H), 7.05
(dd, J=2.4, 0.8 Hz, 1H), 7.13~7.19 (m, 2H), 7.29~7.35
(m, 5H), 7.44~7.46 (m, 1H), 7.97 (bs, 1H); *C NMR
(100 MHz, CDCLy) : 145.2, 136.4, 128.1, 127.9, 127.1,

Chin. J. Org. Chem. 2012, 32, 2322~2327
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125.8,121.8, 120.8, 120.4, 119.5, 119.1, 110.9, 44.7, 29.0,
12.7. HRMS calcd for C;;H;sN (M+—|-H): 236.1439, found
236.1450.

(S)-3-(1-X} FHHE IR L P ) L H-M5| W (4b): (A (G4, 7=
 85%, mp. 69~70 C, [a]p —11.1 (CHCL, ¢ 0.21),
80% ee, HPLC 43#T(chiral OD-H column, 10% IPA in
hexane, rate: 1.0 mL/min, 254 nm); Retention time:
#(minor) =7.7 min, #(major)=8.7 min; 'H NMR (400
MHz, CDCl3) J: 0.98 (t, J/=7.3 Hz, 3H), 2.00~2.10 (m,
1H), 2.19~2.30 (m, 1H), 2.33 (s, 3H), 4.06 (t, J=7.6 Hz,
1H), 7.02~7.06 (m, 2H), 7.09~7.11 (m, 2H), 7.14~7.18
(m, 1H), 7.20~7.23 (m, 2H), 7.32~7.35 (m, 1H), 7.47~
7.50 (m, 1H), 7.92 (bs, 1H); *C NMR (100 MHz, CDCl,)
0: 142.2, 136.4, 135.2, 128.8, 127.8, 127.1, 121.8, 120.8,
120.6, 119.5, 119.1, 110.9, 44.3, 29.0, 20.9, 12.8. HRMS
calcd for C;gHyoN (M+—|-H): 250.1596, found 250.1589.

(S)-3-(1- [ FH BRI A 55)- TH-M5 | Wik(de): G C R A
1, P2 94%, [aly —4.2 (CHCL, c 0.19), 68% ee,
HPLC %3 #7(chiral OD-H column, 5% IPA in hexane, rate:
1.0 mL/min, 254 nm); Retention time: #(minor)=11.0 min,
#f(major)=13.1 min; '"H NMR (400 MHz, CDCl;) 6: 0.99
(t, J/=7.3 Hz, 3H), 2.00~2.11 (m, 1H), 2.18~2.30 (m,
1H), 2.34 (s, 3H), 4.06 (t, J=7.6 Hz, 1H), 7.00~7.08 (m,
3H), 7.14~7.21 (m, 4H), 7.33~7.35 (m, 1H), 7.51 (d, J=
8.0 Hz, 1H), 7.91 (bs, 1H); >*C NMR (100 MHz, CDCl;) ¢:
145.2, 137.6, 136.4, 128.7, 128.0, 127.1, 126.6, 124.9,
121.8, 120.8, 120.5, 119.5, 119.1, 110.9, 44.7, 29.0, 21.5,
12.8. HRMS calcd for C,sH,)N (M+—|-H): 250.1596, found
250.1601.

(S)-3-(1- 418 B I R - L -5 W d): TG €0 b R 4k
&, 5 92%, [als —13.2 (CHCLs, ¢ 0.22), 2% ee,
HPLC 43 #T(chiral OD-H column, 5% IPA in hexane, rate:
1.0 mL/min, 254 nm); Retention time: #(minor)=10.6 min,
#(major)=11.6 min; '"H NMR (400 MHz, CDCl;) J: 1.02
(t, J=7.3 Hz, 3H), 1.99~2.10 (m, 1H), 2.20~2.31 (m,
1H), 2.44 (s, 3H), 4.35 (t, J=7.4 Hz, 1H), 691 (dd, J=
2.4,0.8 Hz, 1H), 7.04~7.08 (m, 1H), 7.09~7.20 (m, 4H),
7.28~7.30 (m, 1H), 7.33~7.35 (m, 1H), 7.46~7.48 (m,
1H), 7.90 (bs, 1H); *C NMR (100 MHz, CDCl;) J: 143.2,
136.4, 135.9, 130.2, 127.2, 126.8, 125.9, 125.6, 121.8,
121.4, 120.4, 119.3, 119.1, 110.9, 39.8, 29.0, 19.8, 12.8.
HRMS calcd for C;sHyoN (M+—|-H): 250.1596, found
250.1593.

(8)-3-(1-)- AR FEZE I ) - L W51 (de): T (0K A
WAL, 775 92%, [a]s —1.6 (CHCl;, ¢ 0.30), 67% ee,
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HPLC 4r#t(chiral OD-H column, 10% IPA in hexane,
rate: 1.0 mL/min, 254 nm); Retention time: #(minor)=11.2
min, {(major)=15.0 min; '"H NMR (400 MHz, CDCL) §:
0.98 (t, J/=7.3 Hz, 3H), 2.00~2.10 (m, 1H), 2.19~2.29
(m, 1H), 3.78 (s, 3H), 4.06 (t, J=7.7 Hz, 1H), 6.72~6.75
(m, 1H), 6.88~6.95 (m, 2H), 7.02~7.06 (m, 2H), 7.14~
7.23 (m, 2H), 7.33 (d, J=8.1 Hz, 1H), 7.50 (d, J/=8.0 Hz,
1H), 7.94 (bs, 1H); *C NMR (100 MHz, CDCl3) 6: 159.5,
147.0, 136.4, 129.0, 127.1, 121.8, 120.8, 120.5, 120.3,
119.4, 119.1, 114.0, 110.9, 110.7, 55.0, 44.8, 28.9, 12.8.
HRMS caled for CsH,NO (M*+H): 266.1545, found
266.1541.

(S)-3-(1- X -SRI Y IE)- L -5 |Weaf): (€0 [ £,
K 85%, m.p. 93~95 C, [a]p —13.6 (CHCl;, ¢ 0.21),
72% ee, HPLC 43 #T(chiral AD-H column, 10% IPA in
hexane, rate: 1.0 mL/min, 254 nm). Retention time:
#(minor)=9.8 min, #(major)=11.2 min; 'H NMR (400
MHz, CDCl;) d: 0.97 (t, J=7.3 Hz, 3H), 1.95~2.06 (m,
1H), 2.19~2.30 (m, 1H), 4.06 (dd, J=7.9, 7.2 Hz, 1H),
7.02~7.06 (m, 2H), 7.15~7.19 (m, 1H), 7.24 (s, 4H),
7.34~7.36 (m, 1H), 7.40~7.42 (m, 1H), 7.97 (bs, 1H);
C NMR (100 MHz, CDCl5) d: 143.8, 136.4, 131.4, 129.3,
128.2, 126.8, 122.0, 120.8, 119.9, 119.3, 119.2, 111.0,
44.1, 28.8, 12.6. HRMS calcd for C;;H;,CIN (M’ -+H):
270.1050, found 270.1043.

(8)-3-(1-[A)- AR RE AT HE)- TH-WG W (4g): TG R HRBAK,
PR 90%, [als —9.0 (CHCls, ¢ 0.17), 46% ee, HPLC %
Hr(chiral OD-H column, 10% IPA in hexane, rate: 1.0
mL/min, 254 nm); Retention time: #(minor)=10.0 min,
#(major)=11.6 min; '"H NMR (400 MHz, CDCl;) J: 0.99
(t, J=17.3 Hz, 3H), 1.99~2.10 (m, 1H), 2.20~2.30 (m,
1H), 4.07 (t, J=17.7 Hz, 1H), 7.05~7.09 (m, 2H), 7.16~
7.23 (m, 4H), 7.31~7.37 (m, 2H), 7.45~7.47 (m, 1H),
7.95 (bs, 1H); *C NMR (100 MHz, CDCly) d: 147.5,
136.4, 134.0, 129.4, 128.0, 126.9, 126.2, 126.1, 122.0,
120.9, 119.6, 119.3, 119.3, 111.0, 44.5, 28.9, 12.7. HRMS
caled for C;H7;CIN (M 4-H): 270.1050, found 270.1045.

(8)-3-(1-A R FE N L - L H-5 W (4h): FIEAJEIA, P
92%, m.p. 84~85 C, [aly —15.0 (CHClL;, ¢ 0.27), 71%
ee, HPLC 43 #T(chiral AD-H column, 10% IPA in hexane,
rate: 1.0 mL/min, 254 nm). Retention time: #(minor)=10.3
min, #(major)=11.9 min; 'H NMR (400 MHz, CDCl;) ¢:
0.97 (t, J=17.3 Hz, 3H), 1.95~2.06 (m, 1H), 2.19~2.30
(m, 1H), 4.05 (t, J=7.6 Hz, 1H), 7.03~7.07 (m, 2H),
7.16~7.21 (m, 3H), 7.33~7.36 (m, 1H), 7.38~7.42 (m,

http://sioc-journal.cn/ 2325
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3H), 7.96 (bs, 1H); *C NMR (100 MHz, CDCl;) J: 144.3,
136.4, 131.2, 129.7, 126.8, 122.0, 120.9, 119.8, 119.5,
119.3, 119.2, 111.0, 44.2, 28.8, 12.6; HRMS calcd for
Cy7H7;BrN (M" +H): 314.0544, found 314.0538.

(S)-3-(1- AP N FE)- TH Wk (4i): (i, 7=
F 46%, mp. 135~136 C, [alp +5.5 (CHCl;, ¢ 0.12),
16% ee, HPLC 43#T (chiral AD-H column, 5% IPA in
hexane, rate: 1.0 mL/min, 254 nm); Retention time:
#(minor)=60.3 min, #major)=64.6 min; 'H NMR (400
MHz, CDCl;) ¢: 0.96 (t, J=7.3 Hz, 3H), 1.97~2.08 (m,
1H), 2.20~2.31 (m, 1H), 4.12 (t, J/=7.6 Hz, 1H), 7.00~
7.04 (m, 1H), 7.09 (d, J=2.4 Hz, 1H), 7.15~7.19 (m,
1H), 7.32~7.41 (m, 4H), 7.54~7.57 (m, 2H), 8.07 (bs,
1H); *C NMR (100 MHz, CDCL3) §: 151.1, 136.4, 132.1,
128.7, 126.6, 122.2, 121.0, 119.4, 119.1, 119.0, 118.7,
111.1, 109.6, 44.8, 28.6, 12.6. HRMS calcd for CgH;7N,
(M"+H): 266.1392, found 266.1385.

(S)-3-(1-0-ZEHE N HE)- L H-W5I0(4f): To R B AE, 7
Z 66%, [aly +31.4(CHCL;, ¢ 0.11), 78% ee, HPLC 4}
Hr(chiral OD-H column, 5% IPA in hexane, rate: 1.0
mL/min, 254 nm); Retention time: #minor)=15.7 min,
#(major)=17.6 min; '"H NMR (400 MHz, CDCl;) J: 1.06
(t, J=7.3 Hz, 3H), 2.18~2.29 (m, 1H), 2.30~2.41 (m,
1H), 4.97 (t, J=7.3 Hz, 1H), 6.97 (dd, J=2.4, 0.8 Hz,
1H), 6.99~7.03 (m, 1H), 7.14~7.18 (m, 1H), 7.33~7.35
(m, 1H), 7.38~7.51 (m, 5H), 7.72 (d, J=7.8 Hz, 1H),
7.85~7.89 (m, 1H), 7.93 (bs, 1H), 8.26~8.29 (m, 1H);
3C NMR (100 MHz, CDCl5) d: 141.0, 136.4, 133.9, 132.0,
128.8, 127.2, 126.5, 125.6, 125.4, 125.1, 124.3, 123.5,
121.8, 121.7, 120.4, 119.4, 119.1, 110.9, 39.3, 29.1, 13.0.
HRMS caled for C,HyN (M +H): 286.1596, found
286.1587.
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