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Ruthenium Catalyzed Highly Chemo- and Regio-selective
Codimerization of N-Acetyl a-Arylethenamines with Vinylarenes

Wang, Qiushi Xie, Jianhua™® Zhou, Qilin*
(State Key Laboratory and Institute of Elemento-organic Chemistry, College of Chemistry, Nankai University, Tianjin 300071)

Abstract Transition metal catalyzed codimeriaztion of alkenes is an important carbon-carbon bond forming reaction. This
efficient reaction has the properties of easily available of starting materials, atomic economy, and good prospects for industrial
application, and has been received in-depth and intensive study during the past decades. In this paper, we have systematically
studied the ruthenium catalyzed codimerization of N-acetyl enamides with alkenes and found that the ruthenium hydride com-
plex RuHCI(CO)(PClys;), is highly efficient catalyst for the codimerization of N-acetyl a-arylethenamines 1 with vinylarenes 4,
providing the head-to-tail hetero-codimerized products, poly-substituted N-acetyl enamides 5 with high chemo- and regio-
selectivity and up to 99% yield. According to the results and the observed phenomena of the codimerization reaction, we pro-
posed a reaction mechanism that the vinylarenes 4 was firstly inserted into the Ru—H bond of the activated ruthenium hydride
intermediate to form an allylic metal-intermediate and then codimerized with N-acetyl a-arylethenamines 1 to generate the
hetero-codimerized poly-substituted N-acetyl enamides 5. With this proposed reaction mechanism the reaction results and the
observed phenomena can be rational explanation.
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Figure 1 Ruthenium-catalyzed codimerization of N-acetyl o-
aylethenamines with alkenes
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N-Z T FE-1- 253 205 % (1a) 5 0.4 mmol FIZK 2.4 (d4a)
(1a > 4a=1:2)fE 1,2-—FALK(DCE)FT 65 C KM
20 h, 133 52%MAE, Hbr™% Sa v ZIE (1 1 5
REW, HBEUREEN 44% (Entry 1). 262K 20 (da)ll)
FHERNF] 1.0 mmol i (1a @ 4a=1 : 5), B[] B &
5%, M6 h EtIAF] 100% LR, K=Y 5a 1)
Z/E WAHBEARLRFFAE, (A5 Sl dEmE] 90% (Entry
2). R FIEA 45 SRR B, DAV 75 DMF LA
SO EEDE 1L 4- EOSHONE R, RN AR E
(Entries 4, 5); FH ZR/EE R BARAES 1S 2] — 7)) Sa,
BEALREAR, N 24% (Entry 3). XEH XKML 1,2-
TR KR PR T RR 45 H B U R 4
R AL N-OBEEE- 1R B OmIE S R w5k ¢

Table 1 Ruthenium-catalyzed codimerization of N-acetyl a-phenyl-

ethenamine with styrene

5 mol% RuHCI(CO)(PCys),

NHAG
AcHN . 2opn 5 mol% additive )\ #J\
PH solvent, 4 AMS, 25~65°C PN Ph
1 4a 5a
a

b : c
Conv.”/  Yield/ 17

Entry Additive Solvent 7/°C #/h

% %
19 AgOTf DCE 65 20 52 4 1:5
2 AgOTf DCE 65 6 100 9 1:6
3 AgOTf Toluene 65 20 24 18 1:5
4  AgOTf DMF 65 20 Trace — —
5 AgOTf Dioxane 65 20 Trace — —
6 AgBF, DCE 65 20 26 12 1:6
7 AgPFq DCE 65 20 43 35 1:5
8 AgSbF, DCE 65 20 60 47 1:5
9 NaBArr DCE 65 20 56 41 1:5
10 AgOTf DCE 25 40 100 95 1:7
11 AgOTf DCM 25 10 100 9% 1:7
12° AgOTf DCM 25 10 100 94 1.7

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 0.01 mmol of RuHCI(CO)(PCys3),, 0.01 mmol of addi-
tive, 0.2 mmol of 1a, 1.0 mmol of 4a, 3 mL of solvent, 100 mg of 4 A MS, 20
h. ® Determined by 'H NMR ¢ Isolated yield. ¢ 0.4 mmol of styrene was used.
¢ 2 mol% catalyst was used.

A BATTVRAN T AR ER R IR B LR 5. FR 2R
PO BH 25 755 s L S K. AL BH BT /N )
AgBF, B HuT B & %W 1 K 1) AgPF fl AgSbFg, 7K
B NE (R B A 3R 32 14 N (Entries 6~8). {H B (& F #71
M9 S 5 K AgSbFe A4 60%H 4k % (Entry
8). MU ES T 5 KA EE NaBAr: AR Eh I, 1%
25 th b A (R e (LR AN (Bntry 9). TSRS 6 FH BUA 25
TRANEH AgOTE I INFRIZE H B I A 2R A
% (Entry 2).

BRI R, RPATCAE R IR Q25 C)&MF it
17, (HFEBEEK N AZE 40 h 4 GE4 H 100%[1 51k,
HrBCR B2 m, "IEE] 95%. 1X3R I BRAR & R

http://sioc-journal.cn/ 2265



BIKE

MR

50T DAY Fo BRI RS R A, DT 28 Hh 48 i 1A 43 B U
(Entry 10). RN AEE R N AT LT, BoA2RT
=& B(DCMYBAR 1,2- R L NER]. 4558 EM,
SRR SR VAR, S S R R R, N 10 hol
B 100% 1A, =) Sa oy B iR R DUAF|
94% (Entry 11); LA SR BN Em AR A, AT &=
/02 2 mol%, tEEZ: H LT IR 25 R (Entry 12).

TERAI S N A AR, FRATTXE S (1) JER A3 o 3
BT THET, MRS R 2. N-ZBhdE-1-95 5 207 %
(D) 2RI AR IS 1) F 7 280X s I PR 2 R M K,
RN Ay AT B R R R R, R
FEY S GRS A2 SRR B SR
FHI=5F g, KM 2 h NIkE] 100%H1k, —%
=) 5g IRIEE] 99% (Entry 7); 1M 4238 _EXH A&
AHiaft T Ao, FIRKR 40 h L4 H 88%
MFALER, R Se 73 BEUERAUA 83% (Entry 3).
52 MR, 2755 206 @) 2R LA L B BRI,
N} s S AT B B R HEAE . 55 3 20 2R IR EXH A
Ao BT AL b)I), [BIFE 8 h NEEIR, Fhen
100% 1AL AT 95% 15 B U (Entry 11); 17 24X}
RN TR T (40)BT, M 40 h X4 H 96% 1
TN 92% 73 B IR (Entry 12). PLESEREN, N-2
TR HE-1-05 5E Ol 1 07 38 B3, D5 2 20 4 1)
R EEETEARNT - RRNAEAE. A, R
JEA B 2 T A7 B L e iR, 2 N- 2k 3195 36 20 i
A A AR EERT, B B B AR 12 (Entries 8~
10). 1024 N-Z.ME3E-1-75 5 O sk 0% 3 20/ 38
A A EURIE RS, A U R AR K

Wi N- B FE-1-05 55 M I (1) 5 55 25 20 () 1EET
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SN R A 75 AT LT e R PR S I S I 5, AT
PR T W 2 FRRI A A S ALERE, 7EARER AgOTS
ERF, 4T8% 4% RuHCI(CO)PCy,), LML NE T
T A% e A; B, 755 OIREN ST A% a6
A 1) Ru—H B RS 21 05 5 0 AU R v 1 8
WA R AR B N- b 3-1-95 5 2 e 5 b Ak
B FC A7 T BRI B EEE AR B A (a4 C, B S 3\
Ru—C FIE A A4 D; Hialfk D &4 pH A2 A
A% ZIE tWEM == 5, RN EA S TR A
HEW) A SERAMEILIEER.
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R=H)M A2, R=CO.E0 RN (B 1, K&
Mi(1)), N-ZBtHE-1-77 5 205 e [ RE o] DAXTHET 2% 54
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Table 2 Ruthenium-catalyzed codimerization of N-acetyl a-aylethenamines 1 with vinylarenes 4

5 mol% RuHCI(CO)(PCys3),

AcHN Ny 5 mol% AgOTf )N:‘:y\
Ar . 4 DCM,4AMS,25°C,2~40h Ar Ar'
5

Entry Ar Ar' 5 Time/h Conv.?/% Yield/% E/Z’
1 CeHs CHs 5a 10 100 94 1:7
2 4-MeCH, CHs 5b 15 100 93 1:7
3 4-MeOCgH, CeHs 5c 40 88 83 1:7
4 4-FCeH, CeHs 5d 9 100 97 1:7
5 4-CIC¢H, CHs 5e 4 100 96 1:7
6 4-BrCqH, CeHs sf 4 100 98 1:7
7 4-F5CCeH, CeHs 5g 2 100 99 1:9
8 3-MeCeH, CHs 5h 12 100 92 1:5
9 3-BrC¢H, CeHs 5i 10 100 95 1:6
10 3,5-(CF3),CeH;  CgHs 5j 3 100 99 1:11
11 CeHs 4-MeOCgH, 5k 8 100 95 1:7
12 CeHs 4-FCeH, 51 40 96 92 1:6

“ Reaction conditions were the same as those in Table 1, Entry 11. ° Decided by 'H NMR. © Isolated yield.
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Figure 2 A possible reaction mechanism
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P e (4 B IR AL T T I iR 50 T . AR SRR )
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Schlenk AR M E FHEEMEZEMK. '"H NMR f1 PC
NMR 43 5] i Bruker AV-400 B% Varian Mercury Plus 400
R SEARAXAE 400 AT 100 MHz JI5E, TMS AW Fr. &
43 37 1% A TonSpec FT-ICR ZY Jii A5, ESIJE. — FH
R, 12- "5 P, —H RSN RS
F. BRI SR NI 2 A B 2R S . SR b B
FHFAh AR SE R r a7, BRRE I SRS R S alifh B
FEAE .

3.2 XWHE

EFERPRIFREL 7.3 mg (0.01 mmol) RuHCI-
(CO)(PCys),, 2.6 mg (0.01 mmol) AgOTf, 100 mg {54k
i 4 A MS, PLK 0.2 mmol N-ZFkdE-a-75 % 2.0
[, BAN—T1H Schlenk & . UG, fEGEURET
N 3.0 mL A EA ST, =il Nk
%4 15 min, ERINFIRIE TS5 HETI TR A0 2R
JE N ZE 2K 205 104 mg (1 mmol, 115 pL), H7EE
Q5 C)FM TN 2~40 h ("H NMR Wi, €k
X R E B, AR, EREET S
(IR ZBE/A Wik, vV V=1 : 3)13 3 B 5 4.

N-(1,3- = ZKFE-1-1E T #5)- LBER%(5a): 50.4 mg Lt
MR AR (T =R AE BN A BE ), 7% 95%.
(2)-5a: '"H NMR (400 MHz, CD;OD) §: 7.38 (d, J=17.7
Hz, 2H, ArH), 7.31~7.11 (m, 8H, ArH), 6.06 (d, J=9.3
Hz, 1H, =CH), 3.83~3.71 (m, 1H, ArCH), 2.08 (s, 3H,
CH;), 1.41 (d, J=7.0 Hz, 3H, CH;); *C NMR (100 MHz,

2267
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CD;0D) d: 172.6, 146.9, 139.3, 133.9, 132.7, 129.6, 129.4,
128.8, 128.1, 127.2, 126.6, 39.6, 22.6, 22.1. HRMS (ESI)
caled for C;sH;gNO ([M — H] ~): 264.1394, found
264.1390. (E)-5a: '"H NMR (400 MHz, CD;0D) J: 7.40~
7.27 (m, 3H, ArH), 7.27~7.16 (m, 4H, ArH), 7.11 (dd, J=
13.1, 7.2 Hz, 3H, ArH), 6.24 (d, J=10.7 Hz, 1H, CCH=
C), 3.45 (dq, J=13.7, 6.8 Hz, 1H, ArCHC), 1.95 (s, 3H,
COCH,), 1.28 (d, J=6.9 Hz, 3H, ArCCHj3); *C NMR (100
MHz, CD;0D) §: 172.1, 148.0, 138.2, 135.0, 129.9, 129.5,
129.3, 129.1, 127.9, 127.1, 126.7, 39.5, 23.6, 23.5. HRMS
(ESI) caled for C;sH;sNO ([M—H]™ 264.1394, found
264.1392.

N-(3- 7% FE - 1- X H 3 2 6 -1- 0F T 0 ) 2 T8t i (Sb):
51.9 mg JoEHRRBAR (T = A B B4 F AL ),
P % 93%. (Z)-5b: "H NMR (400 MHz, CD;0D) ¢: 7.41~
7.19 (m, 6H, ArH), 7.19~7.04 (m, 3H, ArH), 6.03 (d, J=
9.3 Hz, IH, =CH), 3.78 (dq, J=14.2, 7.0 Hz, 1H, ArCH),
2.29 (s, 3H, ArCHj), 2.08 (s, 3H, CH3), 1.41 (d, J=7.0 Hz,
3H, CH3); °C NMR (100 MHz, CD;0D) §: 172.5, 147.0,
138.7, 136.4, 133.8, 131.9, 130.0, 129.5, 128.1, 127.2,
126.5, 39.5, 22.6, 22.1, 21.2. HRMS (ESI) caled for
C1oH,NONa ([M+Na] ") 302.1515, found 302.1521.

N-(3-ZR B -1-5%F AR R DR BE)-1-1E T 4) Z B iz (Se):
49.0 mg LEMCRBE(T ZRA B FE A A A7),
P~ % 83%. (Z)-5¢: "H NMR (400 MHz, CD;0D) ¢: 7.39~
7.24 (m, 6H, ArH), 7.24~7.13 (m, 1H, ArH), 6.88 (d, J=
8.7 Hz, 2H, ArH), 5.99 (d, J=9.3 Hz, 1H,=CH), 3.85~
3.75 (m, 1H, ArCH), 3.79 (s, 3H, ArCHj;), 2.12 (s, 3H,
CH;), 1.44 (d, J=7.0 Hz, 3H, CH;); *C NMR (100 MHz,
CD;0D) d: 172.5, 161.0, 147.1, 133.4, 131.7, 130.9, 129.5,
128.1, 127.8, 127.2, 114.8, 55.7, 39.5, 22.6, 22.2. HRMS
(ESI) caled for C;oH, NO,Na ([M+Na]") 318.1465, found
318.1467.

N-(3-ZE - 1-X R IE B -1-1E T 45) 2 BE 2 (5d): 54.9
mg JGEHPREAR (T =R A B B A ), r=5
97%. (Z)-5d: 'H NMR (400 MHz, CD;0D) J: 7.41 (dd,
J=8.7, 5.4 Hz, 2H, ArH), 7.36~7.23 (m, 4H, ArH), 7.17
(dd, J=13.1, 6.2 Hz, 1H, ArH), 7.05 (dt, J=26.3, 8.7 Hz,
2H, ArH), 6.02 (d, J=9.3 Hz, 1H,=CH), 3.84 (dq, J=
14.2, 7.0 Hz, 1H, ArCH), 2.10 (s, 3H, CH3), 1.44 (d, J=
7.0 Hz, 3H, CH;); °C NMR (100 MHz, CD;0D) §: 172.4,
163.8 (d, J=243.0 Hz), 146.7, 135.65 (d, J=3.2 Hz),
133.0, 132.5, 129.5, 128.4 (d, J=8.0 Hz), 128.1, 127.2,
116.0 (d, J=21.7 Hz), 39.4, 22.6, 22.0. HRMS (ESI) calcd
for C;3H;sFNONa ([M+Na] ") 306.1265, found 306.1259.
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N-(3-FE 3 1- 3 EUEHE-1-1E T I#) Bk 2 (Se): 57.4
mg G EHPRBAR (T A B FE N A G R, 72K
96%. (Z)-5¢: 'H NMR (400 MHz, CD;0D) §: 7.38 (t, J=
7.6 Hz, 2H, ArH), 7.35~7.23 (m, 6H, ArH), 7.18 (t, J=
6.4 Hz, 1H, ArH), 6.10 (d, J/=9.4 Hz, 1H,=CH), 3.84 (dq,
J=14.1, 7.1 Hz, 1H, ArCH), 2.11 (s, 3H, CHj), 1.44 (d,
J=17.0 Hz, 3H, CH;); >C NMR (100 MHz, CD;0D) o:
172.6, 146.6, 138.1, 134.4, 133.3, 133.0, 129.5, 129.4,
128.1, 128.0, 127.3, 39.5, 22.6, 22.0. HRMS (ESI) calcd
for C;sH;sCINONa ([M + Na] ©) 322.0968, found
322.0969.

N-(3-FEFe-1-HHREFRE-1-1E T 1) 2 B (55): 67.2
mg o EHRBAR (T ZRA BN B G ), 7%
98%. (Z)-5f: "H NMR (400 MHz, CD;0D) ¢: 7.37 (d, J=
8.2 Hz, 2H, ArH), 7.24 (t, J=7.6 Hz, 6H, ArH), 7.11 (t,
J=6.6 Hz, 1H, ArH), 6.03 (d, J=9.4 Hz, 1H, =CH),
3.81~3.67 (m, 1H, ArCH), 2.03 (s, 3H, CH3), 1.36 (d, J=
7.0 Hz, 3H, CH,); *C NMR (100 MHz, CD;0D) 6: 172.6,
146.6, 138.56, 133.4, 133.0, 132.5, 129.6, 128.3, 128.1,
127.3, 122.4, 39.5, 22.6, 22.0. HRMS (ESI) caled for
CisH,sBrNONa ([M+Na] ") 366.0464, found 366.0470.

N-(3-ZRFk- 10 =30 LR L 1-1E T 1) £ Tk % (Sg):
65.9 mg TG IHIRIE AR (T =B A B FE A B EE ),
P22 99%. (Z)-5g: 'H NMR (400 MHz, CD;0D) §: 7.62~
7.53 (m, 4H, ArH), 7.29 (q, J=7.8 Hz, 4H, ArH), 7.17 (t,
J=6.7 Hz, 1H, ArH), 6.20 (d, J=9.4 Hz, 1H, =CH), 3.86
(dq, J=14.1, 7.0 Hz, 1H, ArCH), 2.10 (s, 3H, CH;), 1.44
(d, J=7.0 Hz, 3H, CH3); *C NMR (100 MHz, CD;0D) ¢:
172.7, 145.5, 143.4, 135.0, 133.1, 130.5 (q, J=32.1 Hz),
129.7, 128.2, 127.4, 127.1, 126.3 (q, J=3.7 Hz), 125.8 (q,
J=269.2 Hz), 39.6, 22.6, 22.0. HRMS (ESI) calcd for
C,oH,sF3NONa ([M+Na] ") 356.1233, found 356.1240.

N-(3- 7% FE - 1- i) H 38 2 3 -1- 0F T 0 ) 20 T8t % (Sh):
51.3 mg Tt HRRBAR (T =R A B A AR B A ),
FE 92%. (Z)-5h: "H NMR (400 MHz, CD;0D) ¢: 7.36~
7.02 (m, 9H, ArH), 6.06 (d, J=9.4 Hz, 1H, CCH=C),
3.84 (dq, J=14.1, 7.0 Hz, 1H, ArCHC), 2.31 (s, 3H,
ArCHj;), 2.10 (s, 3H, COCH3), 1.44 (d, J=7.0 Hz, 3H,
ArCCHj,); *C NMR (100 MHz, CD;0D) §: 172.4, 146.8,
139.2, 138.9, 133.9, 132.5, 129.51, 129.50, 129.3, 128.1,
127.2, 127.1, 123.7, 39.4, 22.7, 22.1, 21.6. HRMS (ESI)
caled for C;oH,NONa ([M+Na]"): 302.1515, found
302.1520.

N-(3- 2K F-1-[A R K F-1-1E T 4% L BB (50): 65.2
mg o EHRBAR (T ZRA B FE N B G ), 7%
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95%. (2)-5i: '"H NMR (400 MHz, CD;0D) 6: 7.32 (d, J=
7.5 Hz, 2H, ArH), 7.22 (dd, J=16.1, 5.3 Hz, 5H, ArH),
7.18~7.07 (m, 2H, ArH), 6.04 (d, J=9.4 Hz, 2H,=CH),
3.83~3.69 (m, 1H, ArCH), 2.03 (s, 3H, CH3), 1.37 (d, J=
6.9 Hz, 3H, CH;); °C NMR (100 MHz, CD;0D) §: 172.6,
146.5, 141.9, 134.1, 132.8, 131.6, 131.2, 129.6, 129.5,
128.1, 127.3, 125.4, 123.5, 39.6, 22.6, 22.0. HRMS (ESI)
caled for C;gH;;BrNO ([M — H] =~ 342.0499, found
342.0506.

N-(3-FRFE-1-(3,5- (=5 F 38 IE)-1-1E T 45) Lk
HE(5j): 79.4 mg Jo (i RIB A (T 25 i A BB 6 D9 7 60 ]
1), F2# 99%. (2)-5j: 'H NMR (400 MHz, CD;0D) 6:
7.92 (s, 2H, ArH), 7.84 (s, 1H, ArH), 7.32 (dt, J=15.2, 7.4
Hz, 4H, ArH), 7.19 (t, J=6.9 Hz, 1H, ArH), 6.27 (d, J=
9.4 Hz, 1H, =CH), 3.92 (dq, J=14.1, 7.0 Hz, 1H, ArCH),
2.12 (s, 3H, CH,), 1.47 (d, J=7.0 Hz, 3H, CH;); *C NMR
(100 MHz, CD;0D) J: 172.8, 146.0, 142.5, 136.0, 132.8
(q, J=32.9 Hz), 132.2, 129.6, 128.2, 127.5, 126.8 (q, J=
3.0 Hz), 124.8 (q, J=270.2 Hz), 122.0 (m), 39.6, 22.5,
21.9. HRMS (ESI) calcd for C,0H;-FsNONa ([M+Na]")
424.1107, found 424.1110.

N-(3-%f FRAR L R B -1- 28 - 1- 1B T ) £ Bt e (5K):
56.0 mg TG HRIR I AR (T 2 IR A B Ak D L ),
P 95%. (Z)-5k: "H NMR (400 MHz, CD;0D) ¢: 7.50~
7.15 (m, 7H, ArH), 6.84~6.80 (m, 2H, ArH), 6.05 (d, J=
9.4 Hz, 1H,=CH), 3.86~3.69 (m, 1H, ArCH), 3.74 (s,
3H, ArOCH;) 2.11 (s, 3H, CH3), 1.42 (d, J=7.0 Hz, 3H,
CHs); *C NMR (100 MHz, CD;0OD) §: 172.5, 159.5,
139.3, 138.8, 133.5, 133.1, 129.4, 129.0, 128.7, 126.5,
114.9, 55.7, 38.6, 22.6, 22.0. HRMS (ESI) calcd for
C1oH,NO,Na ([M+Na]") 318.1465, found 318.1457.

N-(3- X g F-1- 28 B -1-1E T ) S BERZ (B)): 52.1
mg JGEHPRIEAR (T =R A BB A B A ), r=5
92%. (Z)-51: "H NMR (400 MHz, CD;0D) ¢: 7.42~7.20
(m, 7H, ArH), 7.00~6.91 (m, 2H, ArH), 6.05 (d, J=9.3
Hz, 1H, =CH), 3.81 (dq, J=14.3, 7.0 Hz, 1H, ArCH),
2.10 (s, 3H, CH;), 1.41 (d, J=7.0 Hz, 3H, CHs); *C NMR
(100 MHz, CD;0D) ¢: 172.6, 162.8 (d, J=241.0 Hz),
142.8, 139.2, 134.1, 132.5, 129.8 (d, J=7.9 Hz), 129.4,
1289, 126.6, 116.0 (d, J=21.3 Hz), 38.8, 22.6, 22.1.
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HRMS (ESI) caled for C;sH;sgFNONa ([M + Na] ")
306.1265, found 306.1271.

HBM &L (Supporting Information) {L54%) Sa~51 [
'H NMR 1 °C NMR . X EppRE AT L4 97 AT
X3 (http://sioc -journal.cn/) = T %K.
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