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HrAr 5% Pd/C, PA(OAc), F1 Pd, (dba), Wy H #i7L
BIGEW R FE 2R I ALO, (CRLiR
0.071 ~0.050 mm). B A{Y%$ M : Thermo Trace GC
Ultra 5 AH 6, 1% 1, Bruker DRX 500 #% fif 2L ¥z 1%,
Agilent 7890/5975 {4 55k F{X, BUCHI B-545 ¥4 5.
U E
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PIROR TS O 45— C BE 22 [R) 1) 7 38 SUAR R
B fg ), AR, £ N, fRIFE, [ 150
mL [P R TP AR DO A HTA (60 mL) , PR
(3.14 g, 20 mmol) , I LMELT — LWF (2. 66 g,
20 mmol) , Pd,(dba),(0.46 g, 0.5 mmol ($% Pd 1Y
W& 1.0 mmol) ), XantPhos (0.43 g, 0.75
mmol) , KO'Bu (3.14 g, 28 mmol) JiI# & 80 °C %
N, FGC M Rt A% FF GC I 45 R BTROR
SR, WA, w08, UEE M R O
VEIRBR. T 26 R AXE U T BR 508 0], AR
YIRmEE AL O, BIEMTHE B, Vil Z R &
B VR R o B a2 B An ™. 7 U4t
it ' H NMR, "C NMR il MS £AEHIA. GC 434
M2k HP-5 @i (30 m x 0.32 mm x 0.25
pm ) 5 AR BRI EE Y 150 °C, fRFFS min, D110
C/min {7 FEFE TR 2 280 C, {445 10 min; %%
AN, W#E: 1.0 mL / min, 43# 300 1, FID
o 5.

N-(2, 2-Diethoxyethyl ) aniline (1b)

Yellowish oil, '"H NMR (500 MHz, CDCl,) §
1.26 (t,J =7.0Hz, 6H), 3.27 (d, J] = 5.5 Hz,
2H), 3.28-3.62 (m, 2H), 3.72-3.78 (m, 2H),
4.16 (bs, 1H), 4.71 (t, J = 5.5 Hz, 1H), 6. 67-
6.69 (m, 2H), 6.73-6.76 (m, 1H), 7.18-7.22
(m, 2H); “C NMR (125 MHz, CDCl,) & 15.1,
46.1, 62.0, 100.7, 112.8, 117.3, 128.9, 147.8;
GC-MS (EI): m/z (relative intensity) 209 (M™,
30), 103 (100).

N-(2, 2-Diethoxyethyl ) -4-methylaniline (2b)

Yellowish oil, '"H NMR (500 MHz, CDCL,) §
1.26 (t, J] = 7.0 Hz, 6H), 2.26 (s, 3H), 3.25
(d,J =5.5Hz,2H), 3.57-3.60 (m, 2H) , 3.73-
3.76 (m, 2H), 4.70 (t, ] = 5.5 Hz, 1H), 6.59-
6.61 (m, 2H), 7.00-7.02 (m, 2H); “"C NMR
(125 MHz, CDCl,) & 15.1, 20.1, 46.6, 62.0,
100.7, 113.0, 126.4, 129.6, 145.5; MS (EI) : m/

z (relative intensity) 223 (M*, 27), 103 (100).
N-(2, 2-Diethoxyethyl ) -3-methylaniline (3b)

Yellowish oil, 'H NMR (500 MHz, CDCL) &
1.26 (t, ] = 7.0 Hz, 6H), 2.30 (s, 3H), 3.26
(d,J =5.5Hz,2H), 3.56-3.62 (m, 2H) , 3.72-
3.7 (m, 2H), 4.71 (t, ] = 5.5 Hz, 1H), 6.49-
6.51 (m, 2H), 6.57-6.59 (m, 1H), 7.07-7.11
(m, 1H); “"C NMR (125 MHz, CDClL,) & 15.2,
21.4, 46.2, 62.0, 100.8, 110.1, 113.7, 118.4,
128.9, 138.7, 147.9; MS (EI): m/z (relative in-
tensity) 223 (M™*, 28), 103 (100).

N-(2, 2-Diethoxyethyl ) -2-methylaniline (4b)

Yellowish oil, 'H NMR (500 MHz, CDCL) &
1.27 (t, J = 7.0 Hz, 6H), 2.17 (s, 3H), 3.31
(d,J = 5.5Hz,2H), 3.57-3.64 (m, 2H), 3.74-
3.80 (m, 2H), 4.77 (t, ] = 5.5 Hz, 1H), 6. 64-
6.71 (m, 2H), 7.07-7.16 (m, 2H) ; "C NMR(125
MHz, CDCl,) & 15.5, 17.4, 46.4, 62.3, 101.0,
110.1, 117.3, 122.3, 127.2, 130.2, 146.0; MS
(EI) : m/z (relative intensity) 223 (M*, 27), 103
(100).

N-( 2, 2-Diethoxyethyl )-4-( methylthio ) aniline
(5b)

Yellowish oil, '"H NMR (500 MHz, CDCl,) §
1.25 (t, J = 7.0 Hz, 6H), 2.42 (s, 3H), 3.24
(d,J =5.5Hz,2H), 3.55-3.61 (m, 2H), 3.70-
3.78 (m, 2H), 4.01 (bs, 1H), 4.69 (t,]J = 5.5
Hz, 1H), 6.60-6.62 (m, 2H), 7.22-7.24 (m,
2H); "C NMR (125 MHz, CDCl,) & 15.2, 18.8,
46.2, 62.2, 100.6, 113.5, 124.3, 130.9, 146.7;
MS (EI): m/z (relative intensity) 239 (M*, 35),
103 (100).
4-Chloro-N-(2, 2-diethoxyethyl ) aniline (6b)

Yellowish oil, 'H NMR (500 MHz, CDCL) &
1.25 (t,J =7.0Hz, 6H), 3.23 (d, J] = 5.5 Hz,
2H), 3.55-3.61 (m, 2H), 3.71-3.77 (m, 2H),
4.69 (t,)J = 5.5 Hz, 1H), 6.58-6.60 (m, 2H),
7.13-7.15 (m, 2H); "C NMR (125 MHz, CDCI,)
515.2,46.3,62.3,100.6, 113.9, 121.9, 128.8,
146.5; MS (EI) : m/z (relative intensity) 243 (M ™,
17), 103 (100).
3-Chloro-N-(2, 2-diethoxyethyl ) aniline (7b)

Yellowish oil, 'H NMR (500 MHz, CDCL) &
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1.26 (t,]J =7.0Hz, 6H), 3.24 (d, J = 5.5 Hz,
2H), 3.56-3.62 (m, 2H), 3.71-3.78 (m, 2H),
3.40 (bs, 1H), 4.68 (t, J = 5.5 Hz, 1H), 6.50-
6.69 (m, 3H), 7.07-7.10 (m, 2H); “C NMR
(125 MHz, CDCl;) & 15.2, 46.0, 62.4, 100.5,
111.2, 112.5, 117.1, 130.0, 134, 8, 149.0; MS
(EI) : m/z (relative intensity) 243 (M*, 10), 103
(100).

2-Chloro-N-(2, 2-diethoxyethyl ) aniline (8b)

Yellowish oil, 'H NMR (500 MHz, CDCL) &
1.27 (¢, ] =7.0Hz, 6H), 3.32 (d, J = 5.5 Hz,
2H), 3.57-3.63 (m, 2H), 3.74-3.80 (m, 2H),
3.50 (bs, 1H), 4.74 (t, J = 5.5 Hz, 1H), 6. 64-
6.72 (m, 2H), 7.13-7.26 (m, 2H); “C NMR
(125 MHz, CDCl;) & 15.1, 45.8, 62.2, 100.5,
117.1, 119.0, 127.5, 128.9, 143.6; MS (EI) : m/
z (relative intensity) 243 (M*, 16), 103 (100).
N-(2, 2-Diethoxyethyl ) -4-( trifluoromethyl ) aniline
(9b)

Yellowish oil, 'H NMR (500 MHz, CDCL) &
1.26 (t, ] =7.0Hz, 6H), 3.29 (d, J = 5.5 Hz,
2H), 3.56-3.62 (m, 2H), 3.72-3.78 (m, 2H),
3.26 (bs, 1H), 4.69 (t,J = 5.5 Hz, 1H), 6. 64-
6.66 (m, 2H), 7.41-7.42 (m, 2H); "C NMR
(125 MHz, CDCl;) & 15.2, 45.8, 62.5, 100.6,
112.0, 123.9, 126. 1, 126.4, 150.5; MS (EI) : m/
z (relative intensity) 277 (M*, 6), 103 (100).
N-(2, 2-Diethoxyethyl ) -4-(2-methyl-1, 3-dioxolan-
2-yl) aniline (10b)

Yellowish oil, 'H NMR (500 MHz, CDCL) &
1.25 (t, J = 7.0 Hz, 6H), 1.65 (s, 3H), 3.26
(d,J =5.5Hz,2H), 3.57-3.60 (m, 2H) , 3. 60-
3.81 (m,4H),4.014.03 (m, 2H), 3.70 (t, ] =
5.5 Hz, IH), 6.61-6.63 (m, 2H), 7.28-7.30 (m,
2H); "C NMR (125 MHz, CDCl,) & 15.3, 27.5,
46.4, 62.3, 64.3, 100.9, 111.6, 112.5, 126.3,
130.8, 132.2, 147.6; MS (EI): m/z (relative in-
tensity) 295 (M*, 13), 103 (100).
4-( 2, 2-Diethoxyethylamino )-N,
benzamide (11b)

Yellowish oil, '"H NMR (500 MHz, CDCl,) §
1.25 (t, J = 7.0 Hz, 6H), 3.06 (s, 6H), 3.28
(d, J = 5.5 Hz,2H), 3.55-3.61 (m, 2H), 3.71-

N-dimethyl-

3.77 (m, 2H), 4.13 (bs, 1H), 4.68 (t, ] = 5.5
Hz, 1H), 6.60-6.61 (m, 2H), 7.31-7.33 (m,
2H); "C NMR (125 MHz, CDCl,) & 15.2, 45.9,
62.4,100.6, 111.8, 124.4,129.2, 149.2, 171.9;
MS (EI): m/z (relative intensity) 280 (M*, 18),
103 (100).

4-(2, 2-Diethoxyethylamino ) benzonitrile (12b)

Yellowish solid, mp 70.3-72.1 C; 'H NMR
(500 MHz, CDCL,) & 1.25 (t, J = 7.0 Hz, 6H),
3.30 (d, J = 5.5 Hz, 2H), 3.55-3.62 (m, 2H),
3.72-3.78 (m, 2H), 3.45 (bs, 1H), 4.68 (1, ] =
5.5 Hz, IH), 6.59 -6.61(m, 2H), 7.43-7.45 (m,
2H); "C NMR (125 MHz, CDCl,) & 15.2, 45.5,
62.6, 98.9, 100.3, 112.4, 120.3, 133.6, 151.1;
MS (EI): m/z (relative intensity) 234 (M*, 8),
103 (100).

N-(2, 2-Diethoxyethyl ) -4-nitroaniline (13b)

Yellow solid, mp 49.7-50.3 °C; '"H NMR (500
MHz, CDCL,) 8 1.26 (t, ] = 7.0 Hz, 6H), 3.36
(d,J =5.5Hz,2H), 3.37-3.63 (m, 2H) , 3.73-
3.79 (m, 2H), 4.70 (t, ] = 5.5 Hz, 1H), 6.57-
6.59 (m, 2H), 8.10-8.12 (m, 2H); "C NMR
(125 MHz, CDCL,) & 15.1, 45.6, 62.6, 100.3,
111.2, 126.2, 134.6, 153.2; MS (EI) : m/z (rela-
tive intensity) 254 (M*, 4), 103 (100).

N-( 2, 2-Diethoxyethyl )-3,
(14b)

Yellowish oil, 'H NMR (500 MHz, CDCL) &
1.25 (t, ] = 7.0 Hz, 6H), 2.25 (s, 6H), 3.25
(d,J =5.5Hz,2H), 3.56-3.62 (m, 2H) , 3.71-
3.77 (m, 2H), 4.19 (bs, 1H), 4.70 (t, ] = 5.5
Hz, 1H), 6.33 (s, 2H), 6.42 (s, 2H); "C NMR
(125 MHz, CDCL,) & 15.2, 21.3, 46.3, 62.0,
100.8, 110.9, 119.5, 138.6, 147.9; MS (EI) : m/
z (relative intensity) 237 (M*, 32), 103 (100).
N-(2, 2-Diethoxyethyl ) naphthalen-1-amine (15b)

Yellowish oil, '"H NMR (500 MHz, CDCL,)
1.29 (t,J =7.0Hz, 6H), 3.45 (d, J] = 5.5 Hz,
2H), 3.62-3.68 (m, 2H), 3.77-3.83 (m, 2H),
4.92 (t,] = 5.5 Hz, 1H), 6.756.77 (m, 1H),
7.327.50 (m, 4H), 7.81-7.89 (m, 2H); “C
NMR (125 MHz, CDClL,) & 15.3, 46.4, 62.2,
100.7, 104.5, 117.6, 119.8, 123.6, 124.7,

5-dimethylaniline
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125.6, 126.5, 128.5, 134.3, 143.2; MS (EI): m/
z (relative intensity) 259 (M*, 33), 103 (100).

2 RSt
2.1 EEFIMERGE R ERERENTGE

AR C-N SCSUBIBE RN, DITRFR 283 2
M4 — LWV N AERPE IR Y, B 6L 1. 0%

1) Pd, (dba) ; (4% Pd 33+ 08 2. 0% ) AL IR
&, 14 f5EE/R IR 19 KO'Bu ik, F R SRR
FONBE S 80 C, FERCAAIE N 3% T, BEE T A
[FBC{A PPh, . DPPP, DPEPhos , BINAP, XantPhos %}
S SUABHR BN R A AR R R i 52, HL 25 51 571
AFE L SR AE SRR W IO RS S0 ) e Al AR Ak %

R1REMIE TG 2823 VEKR B AT B ik R H & E A EriHiE

Table 1 Screening of Pd-precursors and ligands in the cross-coupling between phenyl bromide and 2-amino

acetaldehyde diethyl acetal®

<:>—m +Hm\)\Et

OEt Catalyst, Ligand, KO'Bu @E\toj/OEt
Toluene, 80C H

Entry Catalyst/ Ligand Catalyst /Ligand Time Conversion” Selectivity”
(% equiv of Phenyl bromide) (h) (%) (%)
1 Pd, (dba) ,/PPh, 1.0/3.0 24 - -
2 Pd, (dba) ,/DPPP 1.0/3.0 24 - -
3 Pd, (dba),/ DPEPhos 1.0/3.0 24 - -
4 Pd, (dba) ,/BINAP 1.0/3.0 24 5 75
5 Pd, (dba),/ XantPhos 1.0/3.0 24 58 96
6 Pd, (dba),/ XantPhos 1.5/4.5 24 90 97
7 Pd, (dba),/ XantPhos 2.5/7.5 4 100 98
8 Pd, (dba),/ XantPhos 2.5/3.75 4 100 98
9 Pd, (dba),/ XantPhos 2.5/2.5 4 61 97
10 Pd(OAc),/ XantPhos 2.5/3.75 24 27 71
11 5% Pd/C/ XantPhos 2.5/3.75 24 - -

a. Reaction conditions: phenyl bromide (20 mmol) ; 2-amino acetaldehyde diethyl acetal (20 mmol) ; KO'Bu (1.4 eq. ) ;

toluene (60 mL) ; 80 °C, under nitrogen atmosphere.
b Determined by GC

PG FEES0. 241 PPh, . DPPP il DPEPhos W it
PREF, JLT B S EIA S Bk BINAP XJ 525
WA R HEVERT, [ 24 h 5, IR T 5%, 18
B9 N-(2, 2- O O HE) R my s Bl
75% . TiBCHAR XantPhos X% 5 ik st W Sk () 2
PEER, O 24 h 5, VR ALRIAE] 58% , A
BARB I W) A SE R 96 % . i — 25 A S 1y i [i]
ST R NLIREE , PR AL R AR AR (H 2
i Pd, (dba) ; Fl XantPhos ()5 , {RARM LR
RIS IO ARS8 0, e LS I ) 32 428 o s A 3
. SLue g R KW, i 2.5% Pd, (dba),

3.75% XantPhos VE R fEFLFIRTIA, N 4 h )5, 1R
oA, EEEMEI 98% . FRATHMEI, AU LK
PPh, I — {5 BE{EK DPPP ., DPEPhos L)}z BINAP
55 Pd,(dba), [#) dba S Be {4 B S BB A, 1
XantPhos H FHELAL AR, si& UL, WA ELA7 R
TP 2RISR K, 5 Pd W FECA 88 S =R il
7K, FPEC A 5 A R L R B 2P R
A RCEAVBCAL , DT R TR AR 0 ST B, 34 5
THBRJE, XantPhos 5 Pd HH o e X LA, A
FIF Pd it gfae ", X i & XantPhos 763
ITHEFT Y C — N B SRy HAT bR i A1 1 A i
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FRE £ELL XantPhos NELHAIIALASIET, BT 5% Pd/CXHRILILT-BoA AT 1.

Ji—H I Pd AR PA(OAc), XEROB SRS 2.2 TR¥IEAMH

M. SRR R, Pd(OAc), fY SO I L 22 T I ERLAIRNE, 5T —FR I A AR

Pd, (dba) 5, 24h JGIRFREAL RN 27% , BEFEIEH
% . BRI Pd/C EAEN PA(0) f
IR T C - C se U, Ffi i
ZIX T 5% Pd/C XHZVHY

SR
o

M. SEEE R B,

RIS Y, SR R4 — S e AT
SESABBR SN, SO A LAY H B B U N-(2, 2-
TLRIECH) FiMGE IRk AL O; JE M B A
B, HRWAR2. SRR, BUUR AR S 2 A
% 2 Pd, (dba) ;/XantPhos/ L FERR YN SR ZEEHE — ZEZHYBEX R A"

Table 2 Cross-coupling of aryl bromides with 2-amino acetaldehyde diethyl acetal catalysed by Pd, ( dba) ;/XantPhos®

— OEt ¢ EtO_ _OEt
rL | - N\/k Pd,(dba)z, XantPhos, KO'Bu R—-/ |
X 2 OEt
Toluene A N
. H
catalysis of Pd,(dba)s/XantPhos
Entry Substrate Product t(C) T (h)" Yield (%)°
EtO OEt
1 @\ la @\ ]/ Ib 80 4 %
Br N
H
EtO._ _OEt 80 30
2 2a 2h (90)
(reflux) (6)
Br N
H
EtO OEt
3 /@\ 3a /@\ ]/ 3 reflux 6 88
Br N
H
EtO OEt
4 4a j/ 4b reflux 6 85
Br N
H
S S EtO OEt
5 - \©\ 5a - \©\ j/ 5b reflux 6 92
Br N
H
ci cl EtO.__OEt
6 \©\ 6a \©\ j/ 6b 80 2 90
Br ”
EtO OEt
7 /@\ 7a /@\ ]/ 7h 80 2 91
Cl Br Cl N
H
EtO._ _OEt
8 Br 8a 8b 80 2 92

sv
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(8:322)
F F
9 3C\©\ 9a 3c\©5\toj/oa 9k 80 2 85
Br N
H
o_ .0
10 10a

0

1 \NJ\Q\ 1a
| Br

12 NC\@\ 12a
Br

13

14

15 ‘Br 15a

o. 0
)ﬁojoa 10b 80 2 88
N
H
0
SN EtO__-OFEt 11b 80 | 78
| T
N
H
NC\@?‘OTOB 12b 80 1 79
N
H

O,N EtO._ _OEt
13a \©\ :r 13b 80 | 73
N
H
EtO. _OEt
14a j/ 14b
N
H

reflux 4 91

O._ OEt

j/ 15b 80 2 86

N
H

a. Reaction conditions: aryl bromide (20 mmol) ; 2-amino acetaldehyde diethyl acetal (20 mmol) ; Pd, (dba), (0.5 mmol) ;

XantPhos (0.75 mmol) ; KO'Bu (28 mmol) ; toluene (60 mL) ; under nitrogen atmosphere.

b. Complete conversion of substrate.

c. Isolated yield
CTEAE — LB OB B R S 0 RE ) S TR R U
FERBRAERA EECR. IR, %R0 L
A g LRI, B E R ) A, T il
AT LIINGE SR A AT %oy YRR TR AR AN 2 ik £ T 4
TLFEAE 80 °CRTEE 30 h A fRE LS EE, hiE R
AR T, S8V Hif5 6 h (Table 2, entry
2). HHIPL, X H BRI I RIRE T 6 h 5
WATFALSEEE (Table 2, entry 5). TIREHCIER 45
HLTRE e — 2 I ik, S0 B RE R AL AL R B T %
SRl P B F A0 SR IR IR A D SO IR P
BRIV 7 [B13 R KR 24 h, S F AR IR ZE A R AL AR AN
H35% , PRI AT 65% . FEA SN I [ B A 3
AW, (HP YRR PR 22, 5T,

IR AT P IR R, S SO A ek
B, 80 CREML 1 ~2 h J5 ey BRI A] 58 4 %%
k. BRI RS 25 SRR — R 58 Sk
WA 15 ORCRE 1 e B A R DD &R, (HAS I
REER AL E A B K AR (Table 2, entries 2 -4
6 -8). JIEW 4-R 5 s O W4 — LI AE
RN, R EAR 22, Tk B AT 2 —
BEORAP S, FRIEAT RN, MRS, 23 Bk
KA 88% (Table 2, entry 10). XA HIER £ 15 19
BRI SN e PR 22, 290 40% . TR N, N-
BRI TR I AR, RN AR B T
P 3% (Table 2, entry 11). N, N-_F g J FF [k
HE L EUHE | AR TR R S I SR — O
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BB P U A I S5 7T 344 Chemical Tndustry Press (6 50 % Tll th JAL)
TEJT 4 BB AL O, MBS AR 1% 2008, 5

HATRZE T ZHACEE (3, S-— B E) [2] Hartwig J F. Acc. Chem. Res. [J], 2008, 41; 1 534 -
Pl o BB LR LI SOU MBI, (6 AT o o (11 2000
DAL 21, PRI i 35 o A ML 170 orbore &, Bevier . Adv. oyni tatak L33, 255

Table 2 o 14 15 351. 3027 -3043
74} (Table 2, entries 14, )- [4] Surry D S, Buchwald S L. Angew. Chem. , Int. Ed.

35 i (11,2008, 47: 6 338 —6 361
- [5] Horton D A, Bourne G T, Smythe M L. Chem. Rev. []J]
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Study on the Cross-coupling of Aryl bromides with 2-Amino
Acetaldehyde Diethyl Acetal under the Pd Catalyst

HONG Ling-fen, SUN Nan" , REN Hong, MO Wei-min, HU Bao-xiang, SHEN Zhen-lu, HU Xin-quan
(1. College of Chemical Engineering and Materials Science, Zhejiang University of Technology ,
Hangzhou 310014, China)

Abstract; A facile method for the preparation of a broad range of N-(2, 2-diethoxyethyl) anilines have been devel-
oped from the corresponding aryl bromides and 2-amino acetaldehyde diethyl acetal via modified Buchwald-Hartwig
reaction. Pd catalyst in situ generated by Pd, ( dba) ;/XantPhos was found to be efficient in this C-N cross-coupling
reaction. Under the optimal reaction conditions, both electron-deficient and electron-rich aryl bromides could
smoothly convert to their corresponding N-(2, 2-diethoxyethyl) anilines with highly selectivity and the isolated
yields were 73% ~96% . This new developed method was facile, efficient and easy to operate.

Key words: aryl bromides; 2-amino acetaldehyde diethyl acetal; Pd catalyst; C-N cross coupling reaction



