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E - SR (HAM ) 2 @ Ba e | MR A S — 8k & A M ER vk . A B T 2 04
R R, 4- EIEIRIE N — Rk 00 SR , DRL R i B S R B RE AT | 7R B IE b i iy i e v g gk
etk M AE AR A N ARAS AR =8 . IR, AT T RGBS T 4- EIIRE S0 HAM, 38 5 0k 5 v 2
B, W T RO A i AR AR | SRR A 4- EEERB AR TP S R AR R L AR
VIR BRI, = 3- FAAEZRIE | BC/A , RhCI PPhy ), AL RTERIE , & AR ) 4 MPa(H, © CO=3 : 1),
RVEEE 100 °C, RNIAFE] 20 h B iz R B s ROV . 24 2L CH,COOH R, BERErERY
4- GBI IMIE T REM & S P AL O A2 4- [ (2- JKNSE ) &3 ] 288, OoRN 82%; 24LA DBU 1E
RIA IR, GBI LT, R K 92%. el , HEH T IZ RN AT REAIHLER | by 4- SLIEFRI A e I 7 HE 1
RS .
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SHEFNE 24 (130 °C, 3 MPa) £33 1 BUH A 5 5L
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K,CO, VE RS st , By 3 v R A s . LA 85%
IISCRAT Bt S SRS ™= 4 24 LA DIBPP (1,3- %L
(C ST HEERLD) ) MR, DBU TR, 2L
REFIWEMIS , LL81 %R H T Z LRI 1) b
Jei , MTTHRGE T B Y e X v A R S
N7 4P = (4- FAEORIE) B A AR, ISRk 81%
(1:b=7.9":1);%4L11,3,5,7- /U 3-248 =4 -6
I H -6- T 4 W ot S AR IR, Y 3K 96% (12 b =
1:40). BEK, 1630k B &7 R 26 T &L WE

Hydroaminomethylation

RS P G, (S T A HAM A 75 22 TR A
%[41—45].

FATLIZR e F 4- SR By A B ), ik
XIS ECAR  HEAEFRIRTAAR . s VR . &
B L ALE R AR R R A0, R T —FmEsk. &
VEREME AL R . G5 RR I, USRI O A

. mE PR, S LARR (CH,COOH) s
I, 152 &4 B ALY (1a); 4 8 (DBU 5%
K,CO) VERBS IR, 132128 7= 4) (2a).

NH,
X [Rh]/L
+
CO/H,
OH

CH,COOH

Sane!

la OH

o

o

2a

K1 RO S 4- BRI A& W SO
Scheme 1 The hydroaminomethylation (HAM) of styrene with 4-aminophenol

1 SEIGERS

1.1 XK 550

FEAR S 1, PPhy il 8 EtOH 725 S 2l k.
bR RS TR K S5 Bl AT itE— 2P Atk
H CDCl, VE NS, TMSYE RN Z: , {F Bruker Avance
111 (400 MHz) BREAL 143 FT =4 "H A PC NMR i .
i 1 Agilent Technologies 7890A GC/5975 Ms (EI) I
HP-5MS {8354 (0.25 mm x 30 m, #iE: 0.25 wm) 43
=9 GC-Ms i . #H)Z2Hr7ER42 0.050 mm fEfiE |
AT, 2 ARSI TERENE GF254 b L tkAT
12 A%

PR 2 (1 mmol), 4- ZFEKH; (1 mmol), Rh Al
14(0.005 mmol), B4 (0.025 mmol, P : Rh=5 : 1), i
INFIAEEF] (5 mL) A 30 mL A= 28 rp . 4t
J&, AN, R 39K, i 3 MPa H, #11 MPa CO, 153
VRS YITE 100 CTR 20 h. 485 s s
AHEZR, IR EAMNCOMN,. Z )5, N IRA
VI R C TR R, I 2 i mk A 2 8 . A AL
AT R 2 dis, LA THEE RN 2R ZBE(5 = 1 ~
12 1) AR A VR AE ik IS A AT AR 2 AT 4l Ak
EHAR =8 . R A 2 R b ok I 2

B, PRI B AR S AR 99%. S LATRCA S N
FEE, A58 TR CH =) 2a). PP REA IR AT
4L (2- RN EL) 2 AL 17515 (1a):

PR 186.1 mg (% : 82%); K (MR ; R, =
0.67(PE : EA=1:1).

'H NMR (400 MHz, CDCl,) & 7.30 (+, J =8.0 Hz,
1H), 7.24 = 7.12 (m, 1H), 6.53 (dd, J =8.0, 4.0 Hz,
1H), 4.69 (s, 1H), 3.09 (ddd, J = 4.0, 8.0, 12.0 Hz, 1H),
1.28 (d, J =8.0 Hz, 1H). °C NMR (101 MHz, CDCl,) 6
148.6, 144.5, 141.5, 128.8, 127.4, 126.7, 116.4, 115.6,
52.6,39.1, 19.9.

HRMS (ESD): m/z [ m+H ]* caled for C,;sH,;NO
228.138 3, found 228.137 8.

AR (2a):

PR 110.3 mg (JCR: 92%); e (PRI ;
Rf=0.67(PE : EA=3:1).

'H NMR (400 MHz, CDCly) 8 7.93 — 7.77 (m,
2H), 7.48 (t, J = 8.0 Hz, 1H), 7.38 (t, J = 8.0 Hz, 2H),
2.52 (s, 3H). "C NMR (101 MHz, CDCl,) & 197.2,
136.1, 132.1, 127.5, 127.3, 25.6.

GC-Ms: caled m/z 120.06, found m/z 120.10.
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Sidip MR, Rh(CO),(acac) M HEALFIFTIA (3R 1, entries
=ik 1-5), BF5E 7 JLRH 3 UL 7] (MePh . MeOH . MeCN
[T =TI NE A ) THF Fl EtOH). Z555 3R, 24t MePh /E R 550,

N TP R O G 4- FHAR B R I BeAR RIS AN A n ) (1a), TR LT (2a) Y7
PR, Ofie 145 MW 250, LR AT |
BERTR ORI, 25 R INR 1R . BJE, DiPPhy(LD) SR/ WU, 2R R A I 5 A T A5 S . Y

=1

[IRENl R 30%. TR IETEAAL S T AT DLl i Wacker

B, EAFNSERIE R0

Table 1 The effects of solvent, ligand and rhodium precursor”

OMe

>

OMe

QQ O@ @ED

© Ph
7 she &
0\17/0\@ ?L \%\ \/\/P P
0 o \© \/\/
©/ Ls L6 L8
Entry Solvent Ligand Precursor Yield (1a)/% Yield(2a)/% Total yield */%
1 Toluene L1 Rh(CO),(acac) 0 30 30
2 THF L1 Rh(CO),(acac) 0 83 83
3 MeCN L1 Rh(CO),(acac) 0 67 67
4 MeOH L1 Rh(CO),(acac) 43 0 43
5 EtOH L1 Rh(CO),(acac) 35 0 35
6 "PrOH L1 Rh(CO),(acac) 27 0 27
7 PrOH L1 Rh(CO),(acac) 11 0 11
8 ‘BuOH L1 Rh(CO),(acac) 5 0 5
9 MeOH L2 Rh(CO),(acac) 55 0 55
10 MeOH L3 Rh(CO),(acac) 66 0 66
11 MeOH 14 Rh(CO),(acac) 44 0 44
12 MeOH LS Rh(CO),(acac) 60 0 60
13 MeOH 6 Rh(CO),(acac) 21 17 38
14 MeOH L7 Rh(CO),(acac) 34 21 55
15 MeOH L8 Rh(CO),(acac) 0 0 0
16 MeOH 13 Rh(cod),BF, 38 0 38
17 MeOH L3 [ Rh(cod) ] Cl, 58 0 58
18 MeOH 13 [ Cp*RhC, 1, 33 0 33
19 MeOH L3 RhCl;+3H,0 35 0 35
20 MeOH L3 RhCI(PPh,), 70 0 70
21 MeOH L3 RhCI(PPh,), 10 62 72

a. Reaction conditions: Styrene (1 mmol) , 4-aminophenol (1 mmol), Rh precursor (0.005 mmol), ligand (0.025 mmol), solvent (5 mL),
1,4 MPa, 100 °C, 20 h; b. Isolated yield

H, : CO=3:
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LA THF F1MeCN J 5 I B, HAG3(2a) 724, K
T AT 22243 ) Ky 83% FN 67%. Z I, WF9E T IRl
FEAE IR 24 2L MeOH SRz 7 B, S04 31k =
Wy 1a W% R 43%, KR 27 (2a). 3Tk, LU
EtOH ., n-PrOH . i-PrOH Fl -BuOH ¥ 7 1, (1a) U
M 35% T FEF] 5%, AiARFG 3 ) (2a) (K 1, entries
5-8). 45 FRW], K LAB R HIN, 1A 2K i (2a)
FEY, L ot S R R 3G, (1a) IR 5 T
RAALR . DRIt 425 PR A s 390 i i At S 7 2% 12
POk, DA B R SR AN R e (A (L1-1.8) Y
S, 25BN 1 (entries 9-15) Fizn . 24LLL2 (= (4-
AR SL) ) W BC AR, S 3= (1a) 1Y
W 55%, RAFE=PR L (2a). PAL3 (= ( 3-H
SAEETEL) 1) AR, (a) AR AR 5, 155 66%,
KAGEN =Y (2a). Ul L4 (= (- FEFLIERL) 1)
YERBCARRTS, SOCR T 2] 66%. 7§ IR B At
R T BRI SN, T DA S LS (2R
WEIR) VE M BCAARRT, (1a) FUER R 60%, A 159 5™
YI(2a). Z )5, i as e B K B L6 (1.3,5,7-
POUHA3E- 2,48 - =S -6- AL -6- 1) FITL7 (1,3-W(—
ARFERE) ), 133 (1) 17735051 21% 1 34%,
(2a) (977 F43 50 J9 17% F1 21%, % W1 23 [a] 457 B4
LR S WA AN AR . e, 4 L8 (T3
-1 A WIBE L) VR R ECARRT , WA 1S BT =) .
XFHC DL B SRR T IR Y, Y L3I, )

VEPRPE R ESCR A . AL, B8R L3 MBS T
FLA A 1 T 32

R T B SN (R AN S N PE DL MeOH
SR, L3 B, AIF5E T LRSI 6 Ak 50 A A
(1, entries 16-20). 45580 | 24K H] Rh(cod),BF, .
[ Rh(cod) ] Cl,. [ Cp*RhCl, ], RhCl;+3H,0 55 A A Y
HEALFRI TR, S B (1a) ISR RSO
& AR RIR SR 74 (2a). R0, 448 ] RhCl-
(PPhy), VB AT AR, 729 (1a) (ISR 2 = 2
70%, ARAFEN =Y (2a), FBHIZ N ARG T et
A BN I PR A 2 AL . BH T RhCl(PPhy),
HAELE BLAAR PPha, PRI LA I Ak 700 i 0 v 7 i A )
RE X e P51 S R A AR R . AN I A L3 B,
(1a) IR T RER) 10%, (2a) FIER N 62%. [Ht, 7]
fiE & FH T RhC1(PPh,), F1 L3 1 A T A PPh, 4 Pp [/
PR35 T 92500 B e %) SO0y 3 T R
I, #2581 FH RhCI(PPh,) 1 R A4k 5 A4S
22 AMFIREEEMNFI

TS IR AE AT AILG R N ke 2 3 G E B A
FH . R, XA 65 TR A8 P 04 JLRAS [R) 5 im0 7y
RORPEAT TR, WSR2 R . 45K, S
FRAE R s I, P24 (2a) FOUCEE R 0(FE 2, entries
1-8), RETEMRERM T R A TR F SAL R,
AR R IE TR I AY pHFU 9 : P-TSA < 5-CISA <
CeH,COOH < CH,COOH < C,H,COOH < C,H,COOH <

R2 AmMARESENRE

Table 2 The effects of additives and the amount of additive®

Entry Additive Amount /% (Mole Fraction) Yield(1a)/% Yield(2a)/% Total yield"/%
1 H;BO; 20 30 0 30
2 C;H,COOH 20 33 0 33
3 C,H;COOH 20 38 0 38
4 CH,COOH 20 82 0 82
5 CcH;COOH 20 55 0 55
6 5-CISA 20 43 0 43
7 P-TSA 20 13 0 13
8 H;BO; / 5-CISA 20 68 0 68
9 DBU 20 92 92
10 K,CO,4 20 65 65
11 CH;COOH 10 41 0 41
12 CH;COOH 30 44 0 44

a. Reaction conditions: Styrene (1 mmol), 4-aminophenol (1 mmol), RhC1(PPh;,); (0.005 mmol), L3 (0.025 mmol), MeOH (5 mL),
H, : CO=3 : 1,4 MPa, 100 °C, 20 h; b. Isolated yield; c. 5-CISA: 5-chlorosalicylic acid; d. P-TSA: p-toluenesulfonic acid; e. 5%(Mole
Fraction)H;BO;, 10%(Mole Fraction) 5-CISA; f. DBU: l,S-Diazabicyclo[ 5.4.0 Jundec-7-ene.
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H,BO,. 156, 40 1 R M 55 M1 19 HLBO, 1 A
FIF, 724 (1a) BIUCER K 30%, SO 6 PERFEAR . 244l
FH C;H,COOH . C,H;COOH 1 CH,COOH 1 > 7% Jin
i, FTLAE R, B AR EE R, 724 (1a) (1)
R M 339% 18 i1 2] 829%. 45 1) S 24 A CH,COOH iy
BN, P (a) ISR R . 2 5 ks in i
JnFR B R EE , 1 4n{d FH CH;COOH | 5-CISA 1 P-TSA
YERBINAL, (1a) R N 82% T R#S 13%. HEAMA
1R 5% H,BO, F110% 5-CISA ZHIRA TRIE MR
I, 45 RV (1a) ISR 68%, BT A
N HB AR 5T PR AS [A] 2R BB 1 52 ) (36 2, entries
9-10). Z5HRB, Ml HBLAE R iRy, HAg 5
R (2a), RILETAEAE FAS RA A& H 5L
RN . ATLAVE 24 LSS B i A HLIK DBU 1B 78
JNFIES, (2a) BINCR EIE 92%, 11 24 LARK 45 1Y
HLH K,CO, E MBI, (2a) (IR FEALE] 63%,

TXLELE SR, TR IR A B S TSN T

DL SIS R, R R A — 1 i
FER pHAEYE L, AT 5 3505 7 7 2 R Ak 8 3R
1525 < T 5 N 18] A e E . B, DL CH;COOH
VA B8 A0 2E — 25 2 58 1 U8 ) o0 B2 N 1) 5%
M, W13 2 (entries 11-14) fi7~ . g5 R FR 0, S n7
CH,COOH Ry #s It i /0 3] 109% (BE IR 53550 B, 774)
(1a) BYUCER T FE 3] 41%. [RRE, 4 CH,COOH [ 78
s B 30% (B JR 23 B0 B, 7= (1a) R T B
FI| 44%. 3 BGOSR G FH AR 2 B R
I R . BRI, Sk T BRIE B 1 e e AR
F i, B T AR IR A 2090028 7R 53450,
23 BEMEHREE

VE— A5 25 52T R RE TN o B ARSI , 4%
MR PR . B, HJiREEN 60 CH, ARGEI AT
FAC L =) (1a), 28 2B (2a) RN 25%. 241k

R3 BEMEHHE®

Table 3 The effects of temperature and pressure”

Entry Additive Temp./ C H,: CO/MPa  Yield(1a)/% Yield(2a)/%  Total yield"/%
1 CH,COOH 60 i1 0 25 25
2 CH,COOH 80 i1 0 51 51
3 CH,COOH 120 i1 38 0 38
4 CH,COOH 100 2 53 0 53
5 CH,COOH 100 03 38 0 38
6 CH,COOH 100 15:15 41 0 41

a. Reaction conditions: Styrene (1 mmol) , 4-aminophenol (1 mmol), RhC1(PPh,), (0.005 mmol), 1.3 (0.025 mmol), MeOH (5 mL), 20 h;

b. Isolated yield.

FEHERE] 80 CHY, IARAFRI = (1a), 2K i (2a) 1)
R 2 51%. IR AR S 2 120 CHY, (1a)
IS REE 100 CIF R 3 38%, R153(2a) 774 . 1%
VLA A N AFI T A &S H S =9 (1) Y
B, ok AR v AR 2 AT S I A s M L i DA e
P R E 2 100 °C. B, B2 T A& AR5
Wi 24 SR 4 MPa H H, : CORYLLF K2 : 21,
7 (1a) PSRN 53%. B8 H, + COMIELRE R 1 : 3
F, P28 (1a) BOUSCR T B 2 38%. 5 T 2K, 24 8 5k
FF&ZE3 MPa HH, : COfJELRELS - 15K, 728
(1a) PSR R 419%. AT LUE Y SRS 2R S
oA 20 S A (1a). I ULATA, dRefd
RS 4 MPa, HH, : COLLN3 = 1.

2.4 FIRER FIRIHIE

ST ESCIe s IR 25 4 Sk, R T
IR 5 A- 2 SR ) A AR BN T R AL
L NEZR 2 Fis . BT 4- SR HLA e N ek
HREA M REE, A PR T BRI AS . B 5, BB
BCARFNG B AIE S TC G ) A PR 20 R0 A= 1
R =Y B, SRS R ) B 2 S IRk R A
BEHIC. 25, PRIk C 5 4- EHIE I 45 13 5]
B P HID. SR, 24 L0 CH,COOH Jy 7R hnsamt , i1 i
RN AR B S A=) (1a), B =4 D JBEK
A WO RGP B, 2 J5 R E A SR S5 A =4 (1a),
TEHEAEAL RN TEAT — AN RN IEER . S BAE i
TN, SN AR AR T, i TR A K R
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RhCI(Ph,),

(2-MeO-Ph),P (CO + H,

(2-MeO-Ph),P
0C— Rh— H

Ph 4
P(Ph-OMe-2),

A

o)
(2-MeO-Ph),P )k
Ph Rh — CO Path Il
4 Ph
P(Ph-OMe-2),
B 2a
H \w
o H
/-\‘ /
— + Ph
/' N OH
o H,0+DBU oL IRh ~co H—Rh —H
H P(Ph-OMe-2); PPh-OMe), MOH
G F
Path |
H,
Ph CHO
C
)\¢ N
Ph OH
NH, E
-H,0
H,
N
Ph
OH J @\©\ CH,COOH
OH
D

K2 KI5 4- BRI

AR H ALY AT RENLEE

Scheme 2 Possible mechanism of hydroaminomethylation of styrene with 4-aminophenol

T AR PR A, ) G R, LR R A AL
DBU A 345 5 Z () 8 Bl 7= 9 . GC-Ms 73 BT iiE 5E
FHA U 4- 2 S B A5 32 B BEE AR Z B AR AL . 7E
W SGT B ORGP i e BER RS A AL S
W R L (R 8 B BB (BT %) SEL S A 3

3 &t

i LRTIR, JATE S T — e R &
TEREEAL S S T 28 0 15 4- @ FEOR By Y g
SR P A g BE AR A . d o R | AR Al
PR BCAR . B INGR) B 5 1 S B RS2 ,

TE T BN A Al TR D B nsR i, 322
S Az A R T R S A B, 7 MR B s
82%. SR, HAE FHAAT A BRI | %P 3 B4
A LT, R R 92%, X 58S TN Rl kA
Wacker 280 SN A= U AN ], 7EIE JFUAAE T A3
TR . f)a, W TR LM 4- JHIR W ] g
AU HLER, BERI T PRRAS ) ) S B AS

SELH

[1]  a. Selander N, Szabo K. Catalysis by palladium pincer comp-



VG ROImY 4- BHAG AP RSO I 519

[2]

[3]

[4]

[5]

[6]

(7]

(8]

(9]

lexes| J ]. Chem Rev, 2011, 111(3): 2048-2076.

b. Yang Shu-qing(# ILIE), Liu Ye(Xl| M), Preparation
of acylhydrazines via carbonylation and their applications
as intelligent materials(FEIFS A5 10 BRI AL 45 2
HAER B BLE b R LT 1. J Mol Catal (China)
(3 FAEAR), 2021, 35(5): 456-470.

a. Enthale S, Company A. Palladium-catalysed hydroxy-
lation and alkoxylation[ T 1. Chem Soc Rev, 2011, 40(10):
4912-4924.

b. Sun Ze-ping(#h%F-), Wu Jian-bing (i 12), Li Peng
(Z= 1I18), et al. Effect of citric acid modification of ZSM-5
zeolite on vapor-phase dimethoxymethane carbonylation
(R BRI AL BT ZSM-5 431~ FP A I R S fL P fig
() [J 1. J Mol Catal (China) (531-fE4), 2021,
35(1): 22-30.

c. Cao Yan-wei(& = 135), Zhang Xue-hua(5k %5 1), He
Lin({a] #K). Recent advance in synthesis of urea by oxidative
carbonylation of amine (JE4E A B EAL 5 MUIR I AF 5
J&) [1].J Mol Catal (China) (53 FL). 2020, 34(2):
182-192.

a. Wu X, Neumann H, Beller M. Synthesis of heterocycles
via palladium-catalyzed carbonylations[ J ]. Chem Rev,
2013, 113(1): 1-35.

b. Aisha-Nulahong (3L + $$Hih), Fang Ya-ping(F7 3
), Gao Xi-ran(i 78k , et al. Effect of ZSM-5 zeolites
with different grains on carbonylation of syngas(/ [7]
KL ZSM-5 17310 6 5 OB BN PR RE ARG 5
W) [ J].J Mol Catal (China) (53 FH4k), 2020, 34(2):
105-115.

Wu X, Neumann H. Ruthenium and rhodium-catalyzed
carbonylation reactions| J . ChemCatChem, 2012, 4(4):
447-458.

Etayo P, Vidal A. Rhodium-catalysed asymmetric hydrog-
enation as a valuable synthetic tool for the preparation of
chiral drugs J ]. Chem Soc Rev, 2013, 42(2): 728-754.
Fleischer I, Gehrtz P, Hirschbeck V, ef al. Carbonylations
of alkenes in the total synthesis of natural compounds[ 7.
Synthesis, 2016, 48(11): 1573-1596.

Brezny A, Landis C. Recent developments in the scope,
practicality, and mechanistic understanding of enantio-
selective hydroformylatinn[ I 1. Acc Chem Res, 2018, 51
(9): 2344-2354.

Kumar D, Vemula S, Cook G. Recent advances in the catalytic
synthesis of « -ketoamides| J |. ACS Catal, 2016, 6(8):
4920-4945.

Chen C, Dong X Q, Zhang X. Recent progress in rhodium-
catalyzed hydroaminomethylation[ J ]. Org Chem Front,

[10]

[11]

[12]

[13]

[14]

[15]

L16]

[17]

[18]

[19]

[20]

[21]

[22]

2016, 3(10): 1359-1370.

Kalck P, Urrutigoity M. Recent improvements in the
alkoxycarbonylation reaction catalyzed by transition metal
complexes[ J]. Inorg Chim Acta, 2015, 431: 110-121.
Gaydou M, Moragas T, Julia-Hernandez F, ef al. Site-
selective catalytic carboxylation of unsaturated
hydrocarbons with CO, and water[ J 1. J Am Chem Soc,
2017, 139(35): 12161-12164.

Sumino S, Fusano A, Fukuyama T, et al. Carbonylation
reactions of alkyl iodides through the interplay of carbon
radicals and Pd catalysts[ T 1 Acc Chem Res, 2014, 47(5):
1563-1574.

Li W, Liu C, Zhang H, et al. Palladium-catalyzed oxidative
carbonylation of N-allylamines for the synthesis of beta-
lactams[ J |. Angew Chem Int Ed, 2014, 53(9): 2443—-
2446.

Yamamoto Y, Radhakrishnan U. Palladium catalysed
pronucleophile addition to unactivated carbon-carbon
multiple bonds[ J . Chem Soc Rev, 1999, 28(3): 199—
207.

Miiller T, Beller M. Metal-initiated amination of alkenes
and alkynes| J |. Chem Rev, 1998, 98(2): 675-704.
D'Alessandro D, Smit B, Long J. Carbon dioxide capture:
Prospects for new materials[ J ]. Angew Chem Int Ed,
2010, 49(35): 6058-6082.

Clerici A, Cannella R, Panzeri W, et al. TiCl3/PhN2+-mediated
radical addition of ethers to aldimines generated in situ
under aqueous conditions| J |. Tetrahedron Lett, 2005,
46(48): 8351-8354.

Angelovski G, Eilbracht P. Synthesis of hydroquinone-,
biphenol-, and binaphthol-containing aza macrohe
terocycles via regioselective hydroformylation and reductive
amination| ] |. Tetrahedron, 2003, 59(41): 8265-8274.
Quach T, Batey R. Ligand- and base-free copper(I1I)-
catalyzed C—N bond formation: Cross-coupling reactions
of organoboron compounds with aliphatic amines and
anilines| J ]. Org Lett, 2003, 5(23): 4397-4400.

Gurak J, Tran V, Sroda M, et al. N-alkylation of 2-pyri-
done derivatives via palladium(II)-catalyzed directed
alkene hydroamination[ 1 1. Tetrahedron, 2017, 73(26):
3636-3642.

Amer M, Aziz M, Sheha, et al. Recent advances in
chemistry and pharmacological aspects of 2-pyridone
scaffolds[ J |. J Saudi Chem Soc, 2021, 25: 101259~
101304.

Behr A, Levikov D, Niirenberg E. Rhodium catalyzed one-

step hydroamidation of cyclopentadiene and dicyclop-



520 2 I S S 4 536 4
entadiene[ J |. Catal Sci Technol, 2015, 5(5): 2783— [35] Seidensticker T, Vosberg ], Ostrowski K, ef al. Rhodium-
2787. catalyzed bis-hydroaminomethylation of linear aliphatic

[23] Cousin K, Vanbésien T, Monflier E, et al. One pot synth- alkenes with piperazine[ J ]. Adv Synth Catal, 2016, 358
esis of aminohydroxylated triglycerides under aqueous (4): 610-621.
biphasic conditiond J |. Cata Commun, 2019, 125: 37-42. [36] Fuchs S, Rosler T, Grabe B, et al. Synthesis of primary

[24] Behr A, Levikov D, Niirenberg E. Rhodium-catalyzed amines via linkage of hydroaminomethylation of olefins
hydroaminomethylation of cyclopentadiene[ J ]. RSC and splitting of secondary amines| J |. Appl Catal A,
Adv, 2015, 5(75): 60667-60673. 2018, 550: 198-205.

[25] Oliveira D, Gutiérrez M, Villarreal ], et al. Sustainable [37] Oliveira K, Carvalho S, Duarte M, et al. Phospholes as
route to hiomass-based amines: Rhodium catalyzed hydroa- efficient ancillaries for the rhodium-catalyzed hydroform-
minomethylation in green solvents| ] |. Appl Cata A, ylation and hydroaminomethylation of estragole[ J ]. Appl
2019, 574: 97-104. Catal 4, 2015, 497: 10-16.

[26 ] Briggs J, Klosin J, Whiteker G. Synthesis of biologically [38 ] Crozet D, Kefalidis C, Urrutigoity M, et al. Hydroamin-
active amines via rhodium-bisphosphite-catalyzed hydro- omethylation of styrene catalyzed by rhodium complexes
aminomethylation[ J ]. Org Lett, 2005, 7(22): 4795~ containing chiral diphosphine ligands and mechanistic
4798. studies: Why is there a lack of asymmetric induction? J ].

[27] Ahmed M, Seayad A, Jackstell R, et al. Amines made ACS Catal, 2014, 4(2): 435-447.
easily: A highly selective hydroaminomethylation of [39] Zheng X, Xu K, Zhang X. Highly selective bisphosphine
olefins[ J ]. J Am Chem Soc, 2003, 125(34): 10311~ ligands for asymmetric hydroformylation of heterocyclic
10318. olefind J |. Tetrahedron Lett, 2015, 56(9): 1149-1152.

[28] Huang L, Arndt M, Goossen K, et al. Late transition [40] XuT, Alper H. Pd-catalyzed chemoselective carbonylation
metal-catalyzed hydroamination and hydroamidation[ J ]. of aminophenols with iodoarenes: Alkoxycarbonylation vs
Chem Rev, 2015, 115(7): 2596-2697. aminocarbonylation] J ]. J Am Chem Soc, 2014, 136(49):

[29] Reppe W, Vetter H. Synthesen mit metallcarbonylwas- 16970-16973.
serstoffel J ]. Justus Liebigs Ann Chem, 1953, 582: 133 [41] XuT, Sha F, Alper H. Highly ligand-controlled regiose-
139. lective Pd-catalyzed aminocarbonylation of styrenes with

[30] Rische T, Kitsos B, Eilbracht P. Selective one-pot aminophenols[ J ]. J Am Chem Soc, 2016, 138(20):

[31]

[32]

[33]

[34]

synthesis of symmeitrically and unsymmetrically substituted
amines via rhodium catalysed multiple alkylations of
ammonia or primary amines under hydroformylation
conditions] J |. Tetrahedron, 1998, 54: 2723-2742.
Wang Y, Luo M, Li Y, ef al. The catalytic hydroam-
inomethylation of long chain alkenes with dimethylamine
in aqueous-organic two-phase system[ J 1. Appl Catal A,
2004, 272(1/2): 151-155.

Fuchs S, Steffen M, Dobrowolski A, ef al. Secondary
diamines as a monomer from bis-hydroaminomethylation
of industrial cyclic dienes[ J ]. Catal Sci Technol, 2017,
7(21): 5120-5127.

Zheng Z, Wang L. One-Pot synthesis of N-arylated amines
by hydroaminomethylation of 2,5-dihydrofuran with
aromatic amines[ J ]. Synthesis, 2019, 51(7): 1585-
1594.

Khan S, Bhanage B. Selective hydroaminomethylation
of olefins using simple and efficient Rh-phosphinite
complex catalyst[ J |. Appl Organomet Chem, 2013, 27
(12): 711-715.

[42]

[43 ]

[ 44 ]

[45]

[46 ]

6629-6635.

Sharma M, Sarmah B, Bhattacharya P, et al. Dicarbon-
ylrhodium(I) complexes of aminophenols and their catalytic
carbonylation reaction[ J ]. Appl Organomet Chem,
2007, 21(4): 255-263.

Noujima A, Mitsudome T, Mizugaki T, et al. Gold
nanoparticle-catalyzed cyclocarbonylation of 2-aminoph-
enols J ]. Green Chem, 2013, 15(3): 608-611.

Liu B, Yin M, Gao H, et al. Synthesis of 2-aminoben-
zoxazoles and 3-aminobenzoxazines via palladium-catalyzed
aerobic oxidation of o-aminophenols with isocyanideS[ 7]
J Org Chem, 2013, 78(7): 3009-3020.

Neumann K, Lindhardt A, Andersen B, ef al. Access
to 2-(het)aryl and 2-styryl benzoxazoles via palladium-
catalyzed aminocarbonylation of aryl and vinyl bromides
[J]. Org Lett, 2015, 17(9): 2094-2097.

Zhang 7, Kumamoto Y, Hashiguchi T, et al. Wacker
oxidation of terminal alkenes over ZrO,-supported Pd

nanoparticles under acid- and cocatalyst-free conditions

[J 1. ChemSusChem, 2017, 10(17): 3482-3489.



55 6 1 VG ROImY 4- BHAG AP RSO I 521

The Hydroaminomethylation of Styrene with 4-Aminophenol

ZHENG Zhi-wen , WANG Lai-lai -
( State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,

Chinese Academy of Sciences, Lanzhou 730000, China )

Abstract: It is easy for hydroaminomethylation (HAM) to synthesize valuable amines from simple olefins, amines and
syngas in one-pot and with high atom economy efficiency. However, 4-aminophenol, as a special reaction substrate
owing to the presence of a phenolic hydroxyl group, may show unexpected results in the HAM. Herein, we studied the
HAM of 4-aminophenol. By screening the reaction parameters, an efficient catalyst system has been found as followes:
using methanol as a solvent, tris(3-methoxyphenyl)phosphine as a ligand, RhCI(PPh,); as a catalyst precursor, syngas
pressure 4 MPa (H, : CO =3 : 1), temperature of 100 °C, and reaction time of 20 hours. Interestly, when CH;COOH
was used as an additive, the product 4-[ (2-phenylpropyl)amino | phenol of the HAM was obtained in the yield of
82%. When DBU was used as an additive, the product (2a) , that is acetophenone, was obtained in the yield of 92%.
Finally, the possible mechanism of this reaction has been proposed.

Key words: styrene; 4-aminophenol; hydroaminomethylation; acetophenone; selectivity



