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Copper-Catalyzed Coupling of Alkynes and Amines for the Synthesis
of Propargyl Amines in the Presence of Phl(OAc).
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(® University of the Chinese Academy of Sciences, Beijing 100049)

Abstract In the presence of iodobenzene diacetate (PhI(OAc),), a new CuBr catalyzed coupling reaction of alkynes and
amines for the synthesis of propargyl amines was developed. When terminal alkynes, PhI(OAc),, and amines were reacted in
CH;CN at 70 C for 3 h under N, atmosphere and in the presence of CuBr, the desired propargyl amines were obtained in
good yields. Furthermore, no matter aromatic or aliphatic alkynes, were all found to tolerate the reaction conditions. To the
best of our knowledge, it is the first time that PhI(OAc), has been used for the synthesis of propargyl amines in one-pot opera-

tion from alkynes and amines.
Keywords cuprous bromide; PhI(OAc),; propargyl amines
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Scheme 1 Two main methods for the synthesis of propargylic amines
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H4e, LLZEZ B 1a, 19k 2a AT PhI(OAc), 3 AR
JERAIA I L 26 E AT T AL, BT A
TRE . RN RPIIC & 2 A e, # e T OB
A, LI R NLE 1.

W), & CHCN N A, N JEY B L N
1a/2a/PhI(OAc),=1/2/2, Cul (5 mol%) Ak, 60 C
TR 3 h i, 15 BRI E D) 4aa FICE R 33%.
MG TR, 2R N ARER A, 8 1%
B R, WX 2 R R R (R 1,
Entries 2~7), &I CuBr(G& 1, Entry 7)FIME LR i 4T,
4aa [MCFRIE R 64%. AT EXT N A — 2 15
W, H4E R 1, Entries 7~10. ML AIHE, &
IS BT BRI, X2 (R 9 Bl A AR ) s s, 2 T
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L AR S E (WS R R b kAT T %
8%, R 1 PR, B/ B RIEAT T 55, 4
T, iZNAE CHsCN kAT ELE HAB %77 ( THE,
1,4-dioxane, Toluene, DCE Z5) 1 i#17 FEAL#8(F 1, Entries
11~15); BTN RHBE TIREX MRS (K 1, Entries
16~19), JSRELE 25 1 40 CHE R 6845 3 BRI,
70 ‘CLt 60 ‘CHEHF(F 1, Entry 18), KL F] 73%,
{HSEE TS 80 ‘C(F 1, Entryl9)i = R H S ifij (4
ik, Bk, 70 CRBAER MR, X BRI L 7t
KI: 24 1a/2a/Phl(OAc), FIBCEL 92 11 280 128
1 B} (3 1, Entries 20~21), #BHGERBIBARANE. &
ERERRE, RNAE N, FM8F FRTAE Oy AT (R
1, Entries 22~23). ¢ b, @ik Bk e Mk & 14k,
AV B AR I N 461 /2 5 mol% [ CuBr AEALT
SN IEC EE A 1a/2a/PhI(OAc),=1/2/2. CH5CN NIEFI .
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Table 1 Screening of the reaction conditions

.
N < :}—\:

<5+ [ j+ PhI(OAG), 2t N
0

1a 2a 3

solvent, T O

4aa )
Entry  Cat./mol% Solvent 7/°C Yield”/%

1 — CH;CN 60 0
2 Cul (5) CH;CN 60 33
3 CuCl (5) CH;CN 60 37
4 CuBr; (5) CH,;CN 60 48
5 AgOAc (5)  CH,CN 60 29
6 FeBr; (5) CH;CN 60 0
7 CuBr (5) CH;CN 60 64
8 CuBr(2.5)  CH;CN 60 55
9 CuBr (10) CH;CN 60 63
10 CuBr (20) CH;CN 60 58
11 CuBr (5) THF 60 0
12 CuBr (5) 1,4-Dioxane 60 0
13 CuBr (5) Toluene 60 53
14 CuBr (5) DCE 60 58
15 CuBr (5) DMSO 60 30
16 CuBr (5) CH,CN 25 26
17 CuBr (5) CH,CN 40 43
18 CuBr (5) CH;CN 70 73
19 CuBr (5) CH;CN 80 71
20 CuBr (5) CH;CN 70 33¢
21 CuBr (5) CH;CN 70 15¢
22 CuBr (5) CH;CN 70 66°
23 CuBr (5) CH,;CN 70 68/

“1a (0.5 mmol), 2a (1.0 mmol), PhI(OAc), (1.0 mmol), catalyst (0~20
mol%), solvent (2.0 mL), 25~80 C, 3 h, N,. b Isolated yields based on 1a.
“1a :2a: PhI(OAc),=2 . 1: 2, isolated yields based on 2a. “1a:2a:
PhI(OAc),=1 : 2 : 1. “ The reaction was carried out in O,. /The reaction was
carried out in air.
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Table 2 Substrate scope (f1 CHs, OCHj), i &M H 72 F. Cl. Br. CN. CF;
= &+ PN hiong, SUBTEmAlk) BTN SF), JRNIHRREAF B R AT U, BB T
1 H ,  MeewTotcan ()0 55 %8 1% S SR A RS K (daa~dja). BB T 9 20k,
X FAh 5 B b AT 7R, a0 3-Z B FR L IE (3ka) Fl
Entry Alkyne Amine 4 Yield"/% 3- R (3la) #0E B T N, RS 1S BT ik
I\ S, X T AR e, 181% RS 4 1 T [ i Se I
1 = 4 73
9 P e fh, B E AR P 2 b 35 75 B (4ma—dpa). 74,
) — WY a o S R IR A1 1 G (TR 4 T 2 B
Q - - ? WRWEHE ) BT T 552, 45 5EW] N-Boc WRIEFI I
\ e DR 1B 2% S 8% 2 1 45 BL AT 1 i 52 1 (4ab, 4ac). AR
3 O{ >*— MNP dea 66 B, R T EARIR (IR . R T 2%
o (Bt — P 2. PR RIELAR (i
4 F{ >*— HN 0 dda 70 U USSR, N- 23 S ) e ) A0 R
%, JLP AR
C o N\ ’
5 Cl = HN\_/O 4ea 65 13 ?‘ﬂi*ﬂf@ﬁﬁ;‘,
I\ H R R & R TR A3 R AHA RSB 2
6 r = 4f; 63
)= p m (T BRI, AT, A 3 o PSR
; NC@; W . TEARHIRG, PRI, T A A R e I RS R A SR B
- & Sy EE TEZRNAR Farh, S G SRR A DY 7 T
o I\ Al Re, BP &M A i A 3R B (CHs) AR 2 B (CN) S
8 RC < > = MNP dha 62 PhI(OAC), i B EE B (CHy) B B T(CO). S 7 Wi
o _ AR IE, AT T — R AU H] 9250 (Scheme 2). ¥
o o )p=m{ p o« 0 I 45 ) 92 B 45 SR UK T R I B4 O T
-0 — _ PhI(OAc), 1B (CO).
10 O)—@% HN O dja 70 B T RIE TR AT R, 15 4P i o
— — FI{EF 7K. DCE. DMSO ZiE 7 s M AR AT DA A,
1 /T N o dka 65 ST R RE B KSR SE %0 CHLCN T ON TE2%; 1
— CD;CN X # #3# CH;CN (Scheme 2), 'H NMR £l HRMS
2 )= w_p a0 SR IURFHE , IEWITE F RS AR A
— VBT 1 7 B (CH), 22 DL LB T, 0 AR
13 (;r1| HN 0 4ma 55 P SIEINASPASHI
B R R T RIET PhI(OAc), ) H FEHR(CH;) I
14 Q{ HNCO 4na 31 WA, ELARM T DL RIS, 45—, A PhI(OAC),
PR MR e R A
15 /N N D 4a 3 PhI(OAc),, "H NMR FI HRMS [F#f 5o 3 A= 4k
— B =, RATER T HEE M BGRA, fl
/\ i), [FIREREA: pk e s
6 New~Z N 0  4pa 53 PhI(OCOCF;), fll PhI(OPiv),, [FIFEREZE 1) 4aa, Toi
— P A . ML 7T AT DL A S T
' Q — o Neee  dab o FA BRI K 1% 5 PhI(OAC), I FR3E(CH,) T 5%,
— FEFEAHER T HA =4 RIE )5, PhI(OAc), HIH:%EE
" C _ HNCN— i . B (COVRAT T il J2 A% S Hh 0 B3 ) SRR, 1% R 1)

“1 (0.5 mmol), 2 (1.0 mmol), PhI(OAc), (1.0 mmol), CuBr (5 mol%), MeCN
(2.0 ml), 70 °C, 3 h, N,. ” Isolated yields based on 1.
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JE RIS, R B =R, R AR, =
WAL EMT AL [RE R 200~300 H, VA HME) @ N8
ZH=1: 115 B A5 4,

4-(3-ZR A FE -2 - 1- 55 ) -1 bk (4aa) ™ VR T
JRY). 'TH NMR (400 MHz, CDCly) d: 7.45~7.42 (m, 2H),
7.32~7.28 (m, 3H), 3.79~3.77 (m, 4H), 3.52 (s, 2H),
2.67~2.65 (m, 4H); °C NMR (100 MHz, CDCls) §:
131.9, 128.4, 128.3, 123.1, 85.8, 84.1, 67.0, 52.5, 48.2; ESI
HRMS caled for C3sH;gNO [M+H]" 202.1226, found
202.1225.

4-[3-(4- FP 35 2 0 ) P i -2- e B - 1 - 3 -1 bk (4ba) ™
WEGHIRY). 'H NMR (400 MHz, CDCLy) 6: 7.31 (d,
J=8.0 Hz, 2H), 7.09 (d, J=7.9 Hz, 2H), 3.77~3.75 (m,
4H), 3.49 (s, 2H), 2.65~2.61 (m, 4H), 2.32 (s, 3H); °C
NMR (100 MHz, CDCly) 6: 138.3, 131.7, 129.1, 119.9,
85.8, 83.2, 66.9, 52.5, 48.2, 21.5; ESI HRMS calcd for
Ci,H sNO [M+H]" 216.1383, found 216.1384.

4-[3-(4- SR R R B ) R -2 g O -1 0 - g ik
(4ca)": BEAIARY). "TH NMR (400 MHz, CDCL3) o:
7.34 (d, J=8.7 Hz, 2H), 6.80 (d, J=8.8 Hz, 2H), 3.77~
3.73 (m, 7H), 3.46 (s, 2H), 2.63~2.59 (m, 4H); °C NMR
(100 MHz, CDCl3) 6: 159.5, 133.2, 115.1, 113.9, 85.4,
82.5, 66.9, 553, 52.5, 48.2; ESI HRMS caled for
C4sH,;sNO, [M+H]" 232.1332, found 232.1333.

A-[3-(4-F A L) P B2 JE - 1- 56 -1 I (4dla): R 35
Bk Y. "H NMR (400 MHz, CDCly) 6: 7.42~7.38 (m,
2H), 7.01~6.96 (m, 2H), 3.78~3.75 (m, 4H), 3.48 (s,
2H), 2.64~2.62 (m, 4H); *C NMR (100 MHz, CDCL) §:
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162.5 (d, Jor=247.7 Hz), 133.7 (d, Jr=8.3 Hz), 119.1
(d, Jer=3.5 Hz), 115.7 (d, Je.r=21.9 Hz), 84.6, 83.9,
67.0, 52.6, 48.1; ESI HRMS calcd for Cy3H;sFNO [M+
H]" 220.1132, found 220.1134.

4-[3-(4- R I A k-2 B 1 - 11 b (4ea) ') 7k
HEOGHRY). 'TH NMR (400 MHz, CDCl;) d: 7.37~7.35
(m, 2H), 7.29~7.27 (m, 2H), 3.79~3.77 (m, 4H), 3.51 (s,
2H), 2.66~2.62 (m, 4H); *C NMR (100 MHz, CDCls) ¢:
134.3, 133.0, 128.7, 121.5, 85.2, 84.6, 66.9, 52.5, 48.1; ESI
HRMS caled for C;3H;sCINO [M—|—H]+ 236.0837, found
236.0838.

4-[3-(4-TRIEHE) I -2 BRI -1 - FE - N ik (4)! ') 9%
FOHARY). 'TH NMR (400 MHz, CDCly) §: 7.44~7.41
(m, 2H), 7.29~7.27 (m, 2H), 3.79~3.74 (m, 4H), 3.48 (s,
2H), 2.65~2.61 (m, 4H); *C NMR (100 MHz, CDCl,) ¢:
133.2,131.6, 122.4, 121.9, 85.4, 84.6, 66.9, 52.5, 48.1; ESI
HRMS calcd for C3H;sBrNO [M+H]" 280.0332, found
280.0340.

4-[3- 0 IR P - 1- ke - 1- 3 - i (4ga) "™ I T
PR, '"H NMR (400 MHz, CDCly) ¢: 7.57 (d, J=8.3
Hz, 2H), 7.48 (d, J=8.3 Hz, 2H), 3.76~3.74 (m, 4H),
3.52 (s, 2H), 2.63~2.60 (m, 4H); *C NMR (100 MHz,
CDCly) §: 132.3, 132.1, 127.9, 118.5, 111.6, 89.0, 84.2,
66.9, 52.5, 48.1; ESI HRMS calcd for C4HsN,O [M—+
H]" 227.1179, found 227.1178.

4o {3-[4-( =90 P ) 2R L P 2 2- e I -1 - g ik
(4ha): EFHACIRY. 'TH NMR (400 MHz, CDCLy) o:
7.47~7.41 (m, 4H), 3.68~3.66 (m, 4H), 3.42 (s, 2H),
2.55~2.53 (m, 4H); "C NMR (100 MHz, CDCL) o:
132.1, 130.1 (d, Jep=32.4 Hz), 126.9, 125.3 (q, Jer=3.8
Hz), 122.7, 86.9, 84.4, 67.0, 52.6, 48.1; ESI HRMS calcd
for C,4,H,sF;NO [M~+H]" 270.1100, found 270.1099.

4-[3-(4- il 5 4 FE ) T 6 -2 e - 1 - 35 - 1 e (i)Y
W E 1A, '"H NMR (400 MHz, CDCl;) o: 8.14 (d, J=
8.7 Hz, 2H), 7.54 (d, J=8.7 Hz, 2H), 3.76~3.73 (m, 4H),
3.52 (s, 2H), 2.63~2.61 (m, 4H); *C NMR (100 MHz,
CDCly) 6: 147.1, 132.5, 129.9, 123.6, 90.0, 84.0, 66.9,
52.5, 48.1; ESI HRMS calcd for C;3H;sN,O; [M+H]"
247.1077, found 247.1084.

4-(3- M) pR P 35 - 1- ke FE - 1- 36 ) 6 F R Y RS (4j)! "
WHEEMIRY). '"H NMR (400 MHz, CDCL3) d: 7.95 (d,
J=8.4 Hz, 2H), 7.46 (d, J=8.4 Hz, 2H), 3.88 (s, 3H),
3.76~3.74 (m, 4H), 3.51 (s, 2H), 2.65~2.60 (m, 4H); "*C
NMR (100 MHz, CDCLy) d: 166.6, 131.7, 129.6, 129.5,
127.7, 87.3, 85.0, 66.9, 52.5, 52.3, 48.1; ESI HRMS calcd
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for C,sH;sNO; [M+H]" 260.1281, found 260.1286.

4-[3-(3- M ) PR B2 e JE - 1 - B - T B (4ka): VR 35
HPIRYS. 'TH NMR (400 MHz, CDCLy) o: 8.62 (s, 1H),
8.47 (d, J=4.5 Hz, 1H), 7.67 (d, J=7.8 Hz, 1H), 7.20 (dd,
J=7.8, 49 Hz, 1H), 3.74~3.72 (m, 4H), 3.48 (s, 2H),
2.61~2.59 (m, 4H); “C NMR (100 MHz, CDCl;) ¢
152.4, 148.6, 138.7, 123.0, 120.1, 87.7, 82.3, 66.9, 52.5,
48.0; ESI HRMS caled for C;,H;sN,O [M + H]©
203.1179, found 203.1177.

4-[3-(3- MY JE ) TR = -2- e B 1- R - T R (41a): VR 35
Ry, "TH NMR (400 MHz, CDCl3) d: 7.40 (d, J=2.3
Hz, 1H), 7.23 (dd, J=4.9, 3.0 Hz, 1H), 7.08~7.07 (m,
1H), 3.76~3.73 (m, 4H), 3.46 (s, 2H), 2.63~2.61 (m,
4H); *C NMR (100 MHz, CDCls) 6: 130.0, 128.8, 125.3,
121.9, 83.6, 80.8, 66.8, 52.4, 48.0; ESI HRMS calcd for
C, H4sNOS [M+H]" 208.0791, found 208. 0792.

A-(5-FR I SR I 2B - 1- ) - I (4maa): 9% B (BT
JR¥. "H NMR (400 MHz, CDCl3) 6: 7.33~7.29 (m, 2H),
7.24~7.20 (m, 3H), 3.75~3.72 (m, 4H), 3.23 (t, J=1.9
Hz, 2H), 2.85 (t, J=7.5 Hz, 2H), 2.55~2.51 (m, 6H); *C
NMR (100 MHz, CDCly) d: 140.7, 128.5, 128.4, 126.3,
85.1, 75.3, 66.9, 52.3, 47.7, 35.2, 20.9; ESI HRMS calcd
for C,sH,)NO [M~+H]" 230.1539, found 230.1541.

4-(3-IF L P -2-F - 1- 56 ) -1 Iff (4na): 9% B €A
HURY. '"H NMR (400 MHz, CDCl3) d: 3.74~3.72 (m,
4H), 3.26~3.24 (m, 2H), 2.57~2.51 (m, 4H), 2.41~2.32
(m, 1H), 1.79~1.76 (m, 2H), 1.72~1.64 (m, 2H), 1.54~
1.37 (m, 3H), 1.29~1.25 (m, 3H); *C NMR (100 MHz,
CDCl3) d: 90.3, 74.2, 67.0, 52.4, 47.8 33.0, 29.2, 26.0,
25.0; ESI HRMS caled for C;3H,,NO [M+H]™ 208.1696,
found 208.1700.

4-(PEFE-2-hhFE-1-35) -1 1k (doa) > R T iR,
'H NMR (400 MHz, CDCly) 6: 3.75~3.72 (m, 4H), 3.23
(br s, 2H), 2.56~2.52 (m, 4H), 2.21~2.17 (m, 2H),
1.51~1.44 (m, 2H), 1.42~1.35 (m, 2H), 0.90 (t, J=7.2
Hz, 3H); °*C NMR (100 MHz, CDCl3) 6: 86.0, 74.5, 67.0,
52.5, 47.9, 31.0, 22.1, 18.5, 13.7; ESI HRMS calcd for
C1HxNO [M+H]" 182.1539, found 182.1540.

7- N0 bk B 3 -5 e I i (4pa): W bRy, 'H
NMR (400 MHz, CDCLy) d: 3.70~3.68 (m, 4H), 3.20 (t,
J=2.0 Hz, 2H), 2.50~2.43 (m, 6H), 2.37~2.33 (m, 2H),
1.85~1.78 (m, 2H); *C NMR (100 MHz, CDCl;) 4
119.2, 82.7, 76.6, 66.8, 52.4, 47.6, 24.6, 17.9, 16.2; ESI
HRMS caled for C;;H;;N,O [M+H]" 193.1335, found
193.1340.
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N-BUT B 58 R J-4-(3- IR TR 2k -2- o I -1 - R ) - R R
(4ab): IR EAIIRY). '"H NMR (400 MHz, CDCls) o:
7.45~7.43 (m, 2H), 7.31~7.29 (m, 3H), 3.54 (s, 2H),
3.52~3.50 (m, 4H), 2.62~2.58 (m, 4H), 1.47 (s, 9H); "°C
NMR (100 MHz, CDCl;) 0: 154.8, 131.8, 128.4, 128.3,
123.0, 85.7, 84.1, 79.8, 51.9, 47.9, 28.5; ESI HRMS calcd
for C13H,sN,O, [M+H]" 301.1911, found 301.1916.

N-FF 4 (3- 28 P JE 2- B - 1- 3 ) - R R (dae)™: i
FOHARY). "TH NMR (400 MHz, CDCly) §: 7.45~7.43
(m, 2H), 7.33~7.29 (m, 3H), 3.54 (s, 2H), 2.80~2.46 (m,
8H), 2.34 (s, 3H); *C NMR (100 MHz, CDCl) §: 131.8,
128.3, 128.2, 123.2, 85.5, 84.5, 55.1, 52.1, 47.8, 46.1; ESI
HRMS caled for C4HioN, [M+H]" 215.1543, found
215.1547.

4 B #l(Supporting Information) 1L &4 4 ) 'H
NMR, “C NMR . X Eeprph Ay LG 2 AT R 3
(http://sioc-journal.cn/)_F T %K.
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