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One-Pot Synthesis of Unsymmetrical 1,4-Diaminobutynes by
Cu(l)-Catalyzed Cross-Coupling of Propiolic Acid,
Secondary Amine, Aldehydes and Formaldehyde

Liu, Boyu“ Xu, Xianjun

Huang, Liliang™

Feng, Huangdi*

(“ College of Chemistry and Chemical Engineering, Shanghai University of Engineering Science, Shanghai 201620)

Abstract A highly selective and efficient copper-catalyzed sequential approach for the one-pot two-step synthesis of un-
symmetrical 1,4-diamino-2-butynes from propiolic acid, secondary alkylamine, aldehyde and formaldehyde solution has been
developed. The process of this reaction was involved in the generation of key intermediate propargylamines which were ob-
tained via decarboxylative A*-coupling reaction. After that, the intermediate propargylamines would react with in situ formed
iminium ions to give the cross-coupling target products in moderate to excellent yields under microwave irradiation.
Keywords unsymmetrical diaminobutynes; decarboxylative coupling; A*-coupling, cross-coupling; copper-catalyzed
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Scheme 1 Bis-aminomethylation of propiolic acid
1 GRS
1.1 REFHMK

5, R N-FEG A T DA bR R R R
(22 2H 93 38 AR R BL | S, B CuCl, AT 1%
SHEATHETE. AEROBR S 2T, 25 2.5 equiv. ¥ N-H
FIF (1), 1.0 equiv.[F) 5 T B (2a), 0.7 equiv. KRR
FRANHELE 90 C LI, DA R 4F 1™ #3545 724
4a(% 1, Entry 1). 285X} CuBr,» Cu(OAc),~ Cul. CuCl
A CuBr SEHEALTIHEAT 1 ki 7T, 4REH Cul f£1%
A SUABIR SR R R B £E(R 1, Entries 2~6). 734k,
TRIE/D Cul I EE] 20 mol%id &3 inH FH &3] 40
mol%, F=IRCR IS AN [EFE B I PRI (R 1, Entries 7, 8).
PEAPHEA I A IR AT T ik, K CuCl, 7355
CuBr,. CuCl. CuBr 8¢ Cul LA IR, 72851k 5]
68%~83%(# 1, Entries 9~14). Nt — & MUK
LU Cul NEALT, 88T AR 7R B SR 5
45 F SRRV TR 2RI S B BURHISE (R 1, Entries
15~19). & HRPEEF: 2K VUSRI a4 /NIRRT,
AIERAS R I R BSCR (67% ~ 85%), JLH 2 ZIE1EA
W, 152 85%WC M AR =#)(% 1, Entries 15~
17). SR, 2448 AR R BRI, SR RO
KGR 1, Entry 18). HAFERMRZ, ELEFIKMET, 1%
ST RE LA 73%7%y 857 453 2 H AR & ¥)(% 1, Entry
19). B G, FERTE TSR Tk B R — 925 PR s S P 5 i) B
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TR e L I T A8 A o) Js 7= 22 5 AN R (3R 1, En-
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Table 1 Optimization of reaction conditions

(1) Catal., sol., temp.

NP _(0 . — \O MW, 15 min _
H OH  (2) HCHO, MW, time
1a 2a 3
A
N
4a
2 5 b
Entry Catal. (mol%) Solvent T”Tle/ Te;mp/ Yield”
i C %
1 CuCl, (30) DCE 10 90 74
2 CuBr, (30) DCE 10 90 67
3 Cu(OAc),(30) DCE 10 90 64
4 Cul (30) DCE 10 90 84
5 CuCl (30) DCE 10 90 73
6 CuBr (30) DCE 10 90 63
7 Cul (20) DCE 10 90 75
8 Cul (40) DCE 10 90 79
9 CuCl, (15)+CuBr, (15) DCE 10 90 68
10 CuCl, (15)+CuCl(15) DCE 10 90 70
11 CuCl, (15)+CuBr (15) DCE 10 90 69
12 CuCl, (15)+Cul (15) DCE 10 90 81
13 CuCl, (20)+Cul (10) DCE 10 90 72
14 CuCl, (10)+Cul (20) DCE 10 90 83
15 Cul (30) CH;CN 10 90 85
16 Cul (30) THF 10 90 67
17 Cul (30) Dioxane 10 90 77
18 Cul (30) Toluene 10 90 21
19 Cul (30) — 10 90 73
20 Cul (30) CH;CN 10 75 88
21 Cul (30) CH;CN 10 65 80
22 Cul (30) CH;CN 15 75 86
23 Cul (30) CH;CN 5 75 81

24¢ Cul (30) CH,CN 10 75 86
25¢ Cul (30) CHCN 10 75 75

© 2020 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 1a (1.5 mmol), 2a (0.6 mmol), 3 (0.7 mmol) and solvent
(1.0 mL) were activated for 15 min under microwave irradiation; then 37 wt%
formaldehyde solution (0.5 mmol) were added; The mixture was performed
under microwave irradiation. * Isolated yield. ¢ The reaction was activated for
20 min under microwave irradiation for the first step. ¢ The reaction was acti-
vated for 10 min under microwave irradiation for the first step instead of 15
min.
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Table 2 Exploration of substrate scope

(1) Cul (30 mol%), CHsCN R® "
RLR MW, 75 °C, 15 min R\N\|
H * R0 T \OH (2) HCHO MW, 75 °C R? N\ ge
10 min 4

e

88% (4a) 66% (4b)
\/\N H %/ H
84% (4f) 50% (4g)

Ph Ph

H H Ph J Ph |
\/\ A N A S A N
N ’Tj N No T N N

68% (4c)

70% (de)

%H " "
XN AN
X N X
I SN UNC | ONNUNC

59% (4h)

74% (4i) 50% (4j)

Ph Ph

OJ\@O OQN\NQO QN@ QN@ Q“\NQO

0
73% (4K) 61% (4) 66% (4m) 80% (4n) 92% (40)
~ Ph ~ Ph ~ Ph ~ Ph
o) (o o) o o
ﬁ )\NJ O\J\NQ QJ\NQ @'J\NQ Q\N\)
88% (4p) 82% (4q) 73% (4r) 78% (4s) 70% (4t)
Ph ~ Ph ~
0 0
O o D ors U0
0% (4u) 0% (4v) 0% (4w)

“Reaction conditions: Cul (30 mol%), 1 (1.5 mmol), 2 (0.6 mmol), and 3 (0.7 mmol), in CH;CN (1.0 mL) at 75 ‘C for 15 min under microwave irradiation; then 37
wt% formaldehyde solution (0.5 mmol) were added and performed at 75 “C for 10 min under microwave irradiation; isolated yield.

CEIL)FEAR I NP2 A B BRI, LL 50%[1 77
RSB FN ) B AL &Y 4j. IETRRISRE, %05
] MR IR IERE, - LL 66% I AT BIAH B =4
4m. 557 TR, F0EE FEEFIIN R R A
FHAE, $RAE T 73%= M HAR4) 4k 161%™ 211
41, B Ja, 0T AR KRR FR B o A R T T
SEIRLRW, XPHRRYI AR HOE A T U R AR R,
DA R 3 B0 F5 1 77 2845 2AH B (1) 77 4n~4¢. 4> NG
P, A5 FF M) K B A 1 BT 5 9 4 9 3045 B 7 1) 77
), BARJE R ANE L.
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AT T R N R IR, R T R H S, 0
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1292 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

(Scheme 2a). 34, FIAIE SRR ACES PRI T e ik
SR, R BERL 35%H 7 Z3RAFAH N ) 6 (Scheme
2a). PR S DU MW FUAEAE — 8 P =SS
I A 2 rpoed B R R R A7 AE %%ﬁ&fﬁ?ﬁﬁ%
10 I A% B AR S 20 A ke B VR S S R —
%%@*@%%ﬁﬁ,%%%?iﬁ@%%ﬁ&i&%
R IE BT r (B AR S S A 2 b 2 R 3R, 2R A
B> R N-HIG I ENZ, P 67% BRI E4) 5
(Scheme 2b).
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(a)

N"NH oﬁ/ Cul (30 mol%) SN
| CH4CN
1.5mmol + 0.6 mmol ——m >
MW, 75 °C, 15 min X
R—==—COOH R
0.7 mmol 5: R =H, 0% yield
6: R = Ph, 35% yield
(b)
X-"“NH 4\( Cul(30 mol%)
(e} ° ~ =
I CH5CN NN
05mmol + 0.6 mmol ———— >
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==—COOH N
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Scheme 2 Control experiment
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Scheme 3 Proposed mechanistic pathways
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o et BG g — DAL B aT A .
32 ZLWHE
3.2.1 fubdh da~ds B9 — A bk b R

7E 10 mL S, AR 1 (1.5 mmol) % 2
(0.6 mmol)~ PHRER 3 (0.7 mmol). Cul (0.15 mmol)F 1.0
mL ZJfE, RJEIMARLT. /£ 75 'C. 100 W [#] Biotage
O [ NS RN 15 min, SR JEEF 37% 0 H S (0.5
mmol) A E H, FAE 75 C. 100 W 1) Biotage il
BRI R 10 min. K TR RNV IRA Y PO E
Mr, Ve A R LR LER(V V=25 11~10:1).
FIrA3 =4 4 s (R .

322 FahtgRAEEIE

N N- B RE-N N 5- = 3R 2- Cb-1,4- — %
(42)7: 103.0 mg, 7% 88%. JRE (Ll RiA. "H NMR
(400 MHz, CDCls) 8: 5.88~5.79 (m, 2H), 5.24~5.10 (m,
4H), 3.40 (d, J=2 Hz, 2H), 3.10~3.07 (m, 3H), 2.97~
2.94 (m, 2H), 2.32 (s, 3H), 2.17 (s, 3H), 1.78~1.74 (m,
1H), 1.04 (d, J=8 Hz, 3H), 0.96 (d, J=8 Hz, 3H); "°C
NMR (100 MHz, CDCly) d: 136.5, 135.4, 118.0, 116.9,
82.2, 79.9, 62.8, 58.9, 58.1, 45.3, 41.6, 37.8, 31.0, 20.8,
19.7; MS (ESI) m/z: 235.4 [M+H]".

N N*- R FE-N N — 3L -2- CLb-1,4- — % (4b):
722 mg, PR 66%. i GHIRA. TH NMR (400
MHz, CDCl3) d: 5.94~5.75 (m, 2H), 5.24~5.12 (m, 4H),
3.49 (d, J=7.4 Hz, 1H), 3.40 (s, 2H), 3.19~2.96 (m, 4H),
2.32 (s, 3H), 2.23 (s, 3H), 1.61 (t, J=11.0 Hz, 2H), 1.57~
1.34 (m, 2H), 0.93 (t, J=7.3 Hz, 3H); >C NMR (100
MHz, CDCLy) d: 136.0, 135.3, 117.9, 117.4, 82.6, 79.7,
58.8, 58.1, 55.4, 45.3, 41.5, 37.4, 36.1, 19.8, 13.7; HRMS
(ESI) caled for C;sHyN, [M+H]" 2352174, found
235.2172.

N N IR RN N -2 - 1,4- e (4e):
93.8 mg, FFH 68%. VI AHIRIA. 'H NMR (400
MHz, CDCl3) d: 5.91~5.80 (m, 2H), 5.18 (m, 4H), 3.46 (t,
J=7.5 Hz, 1H), 3.40 (s, 2H), 3.19~2.96 (m, 4H), 2.32 (s,
3H), 2.23 (s, 3H), 1.65~1.60 (m, 2H), 1.39~1.20 (m,
8H), 0.88 (t, J=6.6 Hz, 3H); *C NMR (100 MHz, CDCl,)
0: 136.2, 135.4, 117.7, 117.1, 82.7, 79.5, 58.8, 58.1, 55.6,
452, 41.5, 37.4, 34.1, 31.7, 29.6, 28.9, 26.6, 22.5, 13.9;
HRMS (ESI) caled for CigHyN, [M+H]" 277.2644,
found 277.2644.

N' NI -5 23 -N' N - 3k 2- B be-1,4-—
[iZ(4d): 82.5 mg, F“F 63%. EHEHIREAA. 'TH NMR
(400 MHz, CDCl;) J: 5.94~5.73 (m, 2H), 5.29~5.02 (m,
4H), 3.42 (s, 2H), 3.22 (d, J=10.0 Hz, 1H), 3.11 (t, J=
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11.0 Hz, 3H), 2.99~2.94 (m, 1H), 2.33 (s, 3H), 2.18 (s,
3H), 1.77~1.63 (m, 1H), 1.62~1.45 (m, 2H), 1.43~1.36
(m, 2H), 0.88 (t, J=7.4 Hz, 3H), 0.81 (t, J=7.4 Hz, 3H);
C NMR (100 MHz, CDCl3) 6: 136.5, 135.3, 117.9, 116.8,
82.4, 79.8, 58.8, 58.5, 58.3, 45.3, 42.1, 41.5, 37.8, 22.2,
20.5, 10.5, 9.6; HRMS (ESI) calced for C;;H; N, [M+H]"
263.2487, found 263.2487.

N N- IR R - 1- 3R N N T L2 T He-1,4-
“ % (4e): 95.9 mg, FEE 70%. EIEHCRTBA. H
NMR (400 MHz, CDCl;) d: 5.91~5.76 (m, 2H), 5.29~
5.04 (m, 4H), 3.41 (s, 2H), 3.14~3.08 (m, 4H), 3.01~
2.90 (m, 1H), 2.33 (s, 3H), 2.18 (s, 3H), 2.06~2.00 (m,
2H), 2.06~1.64 (m, 3H), 1.52~1.42 (m, 1H), 1.31~1.11
(m, 3H), 1.04~0.80 (m, 2H); C NMR (100 MHz,
CDCly) 0: 136.5, 135.4, 117.8, 116.8, 82.0, 80.1, 61.4,
58.9, 58.0, 45.3, 41.6, 40.1, 37.8, 31.2, 30.2, 26.7, 26.1,
25.9; HRMS (ESI) caled for C;gH;N, [M + H] *
275.2487, found 275.2488.

N N G R - 1- R R N N 32T -1 ,4-
T 4f): 97.0 mg, FEE 84%. @R, 'H
NMR (400 MHz, CDCl3) d: 5.92~5.79 (m, 2H), 5.25~
5.12 (m, 4H), 3.53 (d, J=5.3 Hz, 1H), 3.39 (s, 2H), 3.26~
3.12 (m, 1H), 3.07~3.02 (m, 3H), 2.32 (d, J=4.1 Hz,
6H), 1.09~1.01 (m, 1H), 0.64~0.42 (m, 3H), 0.39~0.27
(m, 1H); *C NMR (100 MHz, CDCl3) §: 136.0, 135.3,
117.9, 117.5, 80.4, 79.5, 58.9, 58.8, 58.2, 45.1, 41.6, 38.0,
13.1, 3.2, 2.0; HRMS (ESI) caled for CysHasN, [M+H]"
233.2018, found 233.2018.

NN IR E-N N 3 R0 T 1,4
[ (4g): 67.6 mg, F=F 50%. EEAMARBA. '"H NMR
(400 MHz, CDCl5) 6: 7.58 (d, J=7.5 Hz, 2H), 7.36~7.25
(m, 3H), 5.98~5.77 (m, 2H), 5.35~5.07 (m, 4H), 4.81 (s,
1H), 3.53 (s, 2H), 3.16~3.11 (m, 4H), 2.39 (s, 3H), 2.16
(s, 3H); “C NMR (100 MHz, CDCly) &: 139.1, 136.2,
135.4, 128.3, 128.0, 127.4, 117.9, 117.4, 82.5, 80.3, 59.4,
59.0, 57.8, 45.4, 41.7, 37.7, 29.6; HRMS (ESI) calcd for
CisHasN, [M+H]" 269.2018, found 269.2017.

NN 5 I 10 R R JE N V- 30T e
1,4- % (4h): 82.7 mg IR T MR IBUAA, 72 59%. TR
EIHPIRBA. "TH NMR (400 MHz, CDCl;) J: 7.64~7.46
(m, 2H), 7.02 (t, J=8.7 Hz, 2H), 5.96~5.79 (m, 2H),
5.34~5.03 (m, 4H), 4.77 (s, 1H), 3.51 (d, J=1.7 Hz, 2H),
3.20~3.03 (m, 4H), 2.38 (s, 3H), 2.14 (s, 3H); *C NMR
(100 MHz, CDCl3) 0: 163.4, 160.9, 136.0, 135.4, 134.9,
129.9, 129.8, 117.9, 117.4, 114.9, 114.6, 82.8, 80.0, 59.0,

1294 http://sioc-journal.cn/
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58.7, 57.7, 453, 41.7, 37.6; HRMS (ESI) caled for
CisHouFN, [M+H]" 287.1924, found 287.1924.

N' N T3 -N N F 06 2R 3 2= T k-
1,4-ZJfi(41): 104.6 mg, 775 74%. RFEOHPRAE. 'H
NMR (400 MHz, CDCLy) 6: 7.45 (d, J=8.0 Hz, 2H), 7.14
(d, J=7.9 Hz, 2H), 5.97~5.76 (m, 2H), 5.32~5.09 (m,
4H), 4.76 (s, 1H), 3.51 (s, 2H), 3.25~3.02 (m, 4H), 2.38
(s, 3H), 2.34 (s, 3H), 2.15 (s, 3H); *C NMR (100 MHz,
CDCLy) d: 137.0, 136.3, 136.1, 135.4, 128.7, 128.2, 117.9,
117.3, 82.2, 80.5, 59.1, 58.9, 57.7, 45.4, 41.7, 37.7, 21.0;
HRMS (ESI) caled for C;oHyN, [M+H]" 283.2174,
found 283.2171.

N' N- TR BN N 1 (2- K B 2R 3 )-2- T
JR-1,4- % (4)): 85.5 mg, F7F 50%. TRIE IR
'H NMR (400 MHz, CDCls) d: 7.77 (d, J=7.1 Hz, 1H),
7.45 (d, J=17.8 Hz, 2H), 7.39~7.25 (m, 5H), 7.24 (d, J=
2.4 Hz, 1H), 5.85 (m, 1H), 5.45~5.43 (m, 1H), 5.24~5.05
(m, 4H), 4.66 (s, 1H), 3.45 (s, 2H), 3.10 (d, J=6.6 Hz,
2H), 3.07~3.00 (m, 1H), 2.92~2.87 (m, 1H), 2.34 (s,
3H), 2.07 (s, 3H); °C NMR (100 MHz, CDCl;) 6: 142.6,
141.2, 136.8, 136.1, 135.4, 130.3, 129.6, 129.3, 127.6,
127.4, 126.8, 117.9, 116.8, 81.9, 81.5, 58.9, 57.8, 56.8,
45.4, 41.7, 36.8; HRMS (ESI) calcd for Cp4HyN, [M+
H]" 345.2331, found 345.2332.

N NN NV 0 T 56 -1- 30 74 2k -2- T fe-1,4- %
(4K): 103.6 mg, 723 73%. HLFHOMRBIA. 'TH NMR
(400 MHz, CDCl5) 6: 5.99~5.67 (m, 4H), 5.35~4.93 (m,
8H), 3.67 (d, J=4.9 Hz, 1H), 3.47 (d, J=4.7 Hz, 1H), 3.44
(s, 3H), 3.15 (s, 2H), 3.14 (s, 2H), 2.98~2.92 (m, 2H),
1.04 (t, J=8.0 Hz, 1H), 0.64~0.38 (m, 3H), 0.34~
0.28 (m, 1H); “C NMR (100 MHz, CDCl;) ¢: 137.0,
135.5, 117.8, 116.5, 82.6, 79.2, 77.3, 77.0, 76.7, 58.3, 56.4,
54.0, 41.6, 40.3, 31.3, 30.3, 26.7, 26.1, 25.9; HRMS (ESI)
caled for CioHaoN, [M+H]" 285.2331, found 285.2332.

N'N' N N DO 05 R 36 -1-38 L3 -2- T Je-1,4- — %
4D): 99.4 mg, FFFR 61%. ERFHOMPIRTBA. '"H NMR
(400 MHz, CDCl5) 6: 6.02~5.63 (m, 4H), 5.35~4.97 (m,
8H), 3.44 (d, J=1.6 Hz, 2H), 3.26 (d, J=18.3 Hz, 2H),
3.16 (t, J=9.6 Hz, 5H), 2.88~2.83 (m, 2H), 2.04 (t, J=
13.7 Hz, 2H), 1.82~1.61(m, 3H), 1.57~1.42 (m, 1H),
1.32~1.08 (m, 3H), 1.00~0.79 (m, 2H); >C NMR (100
MHz, CDCLy) §: 136.7, 135.4, 117.9, 116.9, 80.2, 79.5,
77.3,77.0, 76.7, 56.4, 55.8, 54.2, 41.4,29.6, 13.2, 3.4, 1.8;
HRMS (ESI) caled for CyHjsN, [M+H]" 327.2800,
found 327.2802.
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N' NN N DU 975 74 56 -5- R 3 2- CUb-1,4- I (4m):
95.1 mg, PFHE 66%. EIEGHCRTBA. 'TH NMR (400
MHz, CDCl;) d: 5.84~5.63 (m, 4H), 5.27~4.90 (m, 8H),
3.38 (s, 2H), 3.30~3.13 (m, 2H), 3.08 (d, J=6.7 Hz, 4H),
2.98 (d, J=10.2 Hz, 1H), 2.81~2.76 (m, 2H), 1.76~1.66
(m, 1H), 0.97 (d, J=6.6 Hz, 3H), 0.89 (d, J=6.6 Hz,
3H); *C NMR (100 MHz, CDCl;) d: 136.9, 135.4, 118.0,
116.6, 82.9, 78.8, 77.3, 77.0, 76.7, 59.6, 56.4, 54.0, 41.4,
31.2, 20.8, 19.9; HRMS (ESI) caled for CioHy N, [M+
H]" 287.2487, found 287.2488.

5-H LN N NN T S -2- 2 - 1,4- 0 (4n):
117.6 mg, F=% 80%. i iRk, '"H NMR (400
MHz, CDCl3) 6: 3.44 (s, 2H), 2.90 (d, J=10.1 Hz, 1H),
2.50~2.33 (m, 6H), 2.32~2.20 (m, 2H), 1.79~1.64 (m,
1H), 1.54~1.31 (m, 8H), 1.02 (d, J=6.6 Hz, 3H), 0.96 (d,
J=6.5 Hz, 3H), 0.91~0.86 (m, 12H); *C NMR (100
MHz, CDCl;) d: 83.0, 78.7, 61.1, 55.8, 53.6, 41.9, 31.2,
21.5, 20.8, 20.6, 20.1, 11.9; HRMS (ESI) caled for
C1oH3oN, [M+H]" 295.3113, found 295.3133.

N NN NPT 3 -5 3 22 b -1,4- = i (do):
161.5 mg, P23 92%. i EHIRTA. '"H NMR (400
MHz, CDCls) 6: 3.58 (s, 2H), 2.94 (d, J=10.1 Hz, 1H),
2.71~2.54 (m, 4H), 2.50~2.43 (m, 2H), 2.40~2.24 (m,
2H), 1.78~1.69 (m, 1H), 1.59~1.52 (m, 4H), 1.43~1.22
(m, 12H), 1.02 (d, J=6.6 Hz, 3H), 0.97~0.89 (m, 15H);
C NMR (100 MHz, CDCly) d: 77.3, 77.0, 76.7, 61.0,
53.5, 51.4, 41.6, 31.1, 30.6, 28.7, 20.7, 20.6, 20.0, 14.0,
13.8; HRMS (ESI) caled for CyHiN, [M+ H]©
351.3739, found 351.3739.

N N NN TG 2 3 -5- 3 -2- L bk -1,4- — % (4p):
203.7 mg, FEE 88%. vk EHIREA. 'TH NMR (400
MHz, CDCL3) 6: 3.59 (s, 2H), 2.94 (d, J=9.8 Hz, 1H),
2.73~2.52 (m, 4H), 2.48~2.41 (m, 2H), 2.28~2.23 (m,
2H), 1.84~1.67 (m, 1H), 1.58 (s, 4H), 1.35 (d, J=37.6
Hz, 28H), 1.02 (d, J=6.5 Hz, 3H), 0.96 (d, J=6.4 Hz,
3H), 0.88 (t, J=6.5 Hz, 12H); °C NMR (100 MHz,
CDCly) 6: 77.3, 77.0, 76.7, 61.0, 53.9, 51.7, 41.6, 31.8,
31.6, 31.1, 27.1, 27.1, 22.6, 22.5, 20.7, 20.1, 14.0; HRMS
(ESI) caled for CyHgN, [M+H] " 463.4991, found
463.4990.

NN N NI 53T -5 B 3k -2- CUbk-1,4- — 1% (4q):
143.9 mg, P53 82%. W EHLIRIA. '"H NMR (400
MHz, CDCl3) 6: 3.37 (s, 2H), 2.88 (d, J=10.3 Hz, 1H),
2.25 (d, J=3.9 Hz, 1H), 2.22~2.18 (m, 5H), 2.09~1.94
(m, 2H), 1.75~1.61 (m, 5H), 1.03~0.99 (m, 6H), 0.94~
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0.81 (m, 24H); *C NMR (100 MHz, CDCl5) 6: 82.3, 79.4,
77.2, 76.9, 76.6, 62.5, 61.5, 60.7, 42.6, 30.8, 26.3, 26.0,
21.2, 21.0, 20.8, 20.2; HRMS (ESI) calcd for Cp3HiN,
[M+H]" 351.3739, found 351.3737.

N' N NN 235 F -2 CUbk-1,4- — i (4r): 19
87.2 mg, FEER 73%. IR AHIIRIA. 'TH NMR (400
MHz, CDCly) 0: 3.47 (s, 2H), 2.96 (d, J=9.9 Hz, 1H),
2.63~2.51 (m, 6H), 2.40~2.23 (m, 2H), 1.79~1.70 (m,
1H), 1.09~1.01 (m, 15H), 0.95 (d, J=6.6 Hz, 3H); "*C
NMR (100 MHz, CDCl;) J: 82.9, 78.4, 77.3, 77.0, 76.6,
60.2, 47.2, 44.8, 40.6, 31.2, 20.7, 20.0, 13.7, 12.6; HRMS
(ESI) caled for C;sHyN, [M+H]" 239.2487, found
239.2487.

N N -Z T HEN NS = B2 T bk-1,4- 1 (4s):
104.1 mg, P23 78%. i EHIREA. 'H NMR (400
MHz, CDCl;) 6: 3.41 (t, J=8.4 Hz, 2H), 2.89 (d, J=10.1
Hz, 1H), 2.48~2.31 (m, 4H), 2.30 (s, 3H), 2.16 (s, 3H),
1.82~1.67 (m, 1H), 1.52~1.23 (m, 8H), 1.05 (t, J=8.4
Hz, 3H), 1.00~0.82 (m, 9H); “C NMR (100 MHz,
CDCly) o: 82.2, 79.8, 77.3, 77.0, 76.7, 63.5, 55.4, 54.6,
45.6, 42.0, 37.8, 30.9, 30.0, 29.7, 20.8, 20.6, 20.5, 19.7,
14.0, 13.9; HRMS (ESI) calcd for C;7H;sN, [M—|—H]+
267.2800, found 267.2800.

N' N 5-= RN N R 5 -2- Cobk-1,4- % (4t):
83.3 mg, FEE 70%. I AHARTA. "H NMR (400
MHz, CDCl;) 6: 3.40 (s, 2H), 2.90 (d, J=10.0 Hz, 1H),
2.44~2.31 (m, 4H), 2.30 (s, 3H), 2.17 (s, 3H), 1.81~1.68
(m, 1H), 1.55~1.37 (m, 4H), 1.04 (d, J=6.6 Hz, 3H),
0.96 (d, J=6.5 Hz, 3H), 0.97~0.87 (m, 6H); °C NMR
(100 MHz, CDCl3) d: 77.5, 75.0, 58.8, 52.9, 52.0, 40.9,
37.2, 33.1, 26.2, 16.2, 16.0, 15.0, 7.0; HRMS (ESI) calcd
for C,sH3 N, [M+H]" 239.2487, found 239.2488.

BBl (Supporting Information) AL &Y 4a~
4t ) 'H NMR, "C NMR B[, i LER1RFa) L6 3% A
F1 X 3k (http://sioc-journal.cn/)_F %k,
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