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Abstract

In this study, the hydrohalogenation reaction of electron-deficient alkynes was performed by us-
ing N-halosuccinimide (NXS) as the halogen source and sodium borohydride as the hydrogen
source at room temperature in aqueous solution, and obtained the corresponding alkenyl halides.
This method has the advantages of catalyst-and additive-free, mild conditions, simple operation,
and environmental friendliness, which provides a simple and effective way for the synthesis of al-
kenyl halides.
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% B A SN A A R s A S FE A T . RUE ISR I - B WU i 1 Ak S D S5 LN K LA
A RBE IS A, (ERIE B - B =SS REAT RO R AR AR SR, F2 B TR sp A0 Bk 1) P 25 1 o 1)
AL sp? i AR P H 857 IR AAC RS S PR o b PR T 1) o 1 S I S T L4345 0 25 i A4, 476 35 b £k
YHEZINE[L] @ TAFE[2], AW 3R H AL TS5 [4] [BIAURAA T IZ MR, A MELE 4 )8
AL C-C Bk C-A4 J5 158 AR s 7 HA e e WA s 28 (R B IBEABE B, 431 1 Suzuki-Miyaura [6]45 156 s o2 A
Buchwald-Hartwig [71& S N A5 o DA I 5 I o Je P e B ek A o A s 7 5| RS A 22 SR I )32 SR

PR A X (EZLZ | Br Al Cl) B IFFE LA 2 1R AL R B . 2010 45, 5 75 %5 A [813@ i 4l
A, FIF NIS/H3N « BHa A %0 0% B AUGE I R R R i R AT I B S UL R S . R4, 2012 4570
2014 4F, Kawaguchi 582 AH 4k 38 7 LA 2R SEAE[9]. AR 2K ER[101A R TR = REEBE[11] 018
W 3 BT 1 b i AR S B i S R B TS AR FL GG R, 2017 4F, Hammond iR
AR [L2)4 H T — s B X IUE B I3 Au() AL I FEVS th R R EAL RN . [FI4E, Van 4 [13]
IE TR Au-TiO, A 9KBRAR RIEAT XA IE BRI HAE I RN, il % T R OIFERTAED . 2014
4, Morandi BAIZA 14T Ir(cody), (AL IR RS b R B & B A6 0 . 2022 4, 1524855 N [15]
FIF RuCl, [(p-cymene)],/ TMSOTF/ZnCly, 14 Z % Hf b AT S S A IR S N, o 7EZ A 78 4T b e i S IR AL
AT FARGE AN 5/, 2018 4, Das HRAIZA[16]13 Ff# fk & IPrCuCIl/NaOH 1E 3Gtk I b Bh & i be 5 —
TRIVUIR 2458558 A v A bR SR A T SR I RS N

AN 2aE , REZP RIS CIE Tk, EEE SR, SN d Tk
PRI BRI A s A S REF AR [17] 0 ASCBL N-pAR T eI /E N5, NaBH, /E VSR, 75
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Figure 1. Hydrohalogenation of electron-deficient alkynes
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WEE SRR 7T R T REY SR T2 5 A, Ba T T Prdith; HAeT REREEHRHE SCHR[18]
Hil 8 SRR TR R 6 (Greagent); )2 Z ML (GF254) FlkE: J2 B (200~300 H )W+
BT .

22. EWAHE

22.1. [RYT BEREERI A A

FTHZIR(1 g, 6.75 mmol). HKHEL(0.5 mL)FIAH M () (5 mL)4%#% 3 25 mL [ Geii . 80°C =i
5/0NEF, B TCL A0 H bRr=4, [RNEEHR AR =R, JEKRSE. F 2 mol/L ) NaOH A i ik &
Ph=~8, FiH H,O (4 x 15 mL)#eik. A HUAHAE /K MgSO, FF T8, idJ€, 2R3 x 10 mL)¥Esk, ik
FEBR LU, R R AR E AT CR i 208 CBR) 24k, B3 T R R AN TR RARE. T
RR 5 TR TR P T .

2.2.2. BisLE&MHER

AT 5 ml NI, K T e /R —K(0.21 mmol, 1.0 equiv.)¥ T 2 mL 248K, SRIGHKIK
BN N-i AT BRIV (NIS/NBS/NCS) (0.23 mmol, 1.1 equiv.). 7K I A A AL 4%(0.25 mmol, 1.2
equiv.), BT HIRFM NHEEL 1.5 N, B EZ G R(TCL)RN B AR =0 £ s, RSREY)
H I8 CBEZA, ANRAETCKIRREE b T8, R e a7, ARV () Vv (CR 4fE) = 8:1]
SrESAiAL, 153 H bR 3a~3l.

(2)-2-1's R — Wl (3a). 7% 86%, MK, m.p50~51°C."H NMR (400 MHz, CDCls) 87.59 (s,
1H), 3.88 (s, 3H), 3.83(s, 3H). *C NMR (100MHz, CDCl;) 6164.69, 163.48, 137.04, 102.84, 52.49.

(Z)-2-M s R — L.B5(3b). 72 93%, iR, "H NMR (400 MHz, CDCl5) 57.56 (s, 1H), 4.32-4.27
(m, 4H), 1.35-1.32 (m, 6H). *C NMR (100 MHz, CDCl;) §164.37, 163.04, 137.18, 103.36, 63.78, 61.71,
14.24, 14.19.

(2)-2-T & R B (3c). P=3% 75%, B iHPIR. "H NMR (400 MHz, CDCly) §7.58 (s, 1H), 4.24-4.18
(t, J = 6.4 Hz, 4H), 1.76-1.69(m, 4H), 0.99 (t, J = 7.6 Hz, 6H). *C NMR (100 MHz, CDCl;) 164.46, 163.05,
137.19, 103.08, 69.26, 67.29, 22.00, 10.56.

(2)-2-ME R — 53 T H5(3d). =3 78%, H{{ii:Ik. 'H NMR (400 MHz, CDCl3) 57.60 (s, 1H), 4.04 (d,
J=8.7 Hz, 4H), 2.09-1.98 (m, 2H), 0.99 (d, J = 7.2 Hz, 12H). *C NMR (100 MHz, CDCl;) 165.03, 164.47,
137.25, 88.22, 73.66, 73.21, 27.89, 19.14.

(2)-2-5F 5 . 26 (3e). 77 94%, #E AR . "H NMR (400 MHz, CDCls) §7.59 (s, 1H), 4.76-4.69 (m,
4H), 1.78-1.74 (m, 6H). *C NMR (100 MHz, CDCls) §163.02, 161.40, 134.38, 126.64, 63.13, 61.11, 13.89.

(2)-2-F SR HEE(3). 773K 7%, AR, *H NMR (400 MHz, CDCI;) 56.93 (s, 1H), 4.24 (t,J
=6.7 Hz, 4H), 1.87-1.70 (m, 4H), 1.05 (t, J = 7.5 Hz, 6H). *C NMR (100 MHz, CDCls) 5165.23, 161.82,
133.74, 126.97, 68.94, 67.04, 21.96, 10.47.

(2)-2-5F B — F N ER(3g) 72 % 76%, 3 5k . 'TH NMR (400 MHz, CDCl,) 86.80 (s, 1H), 5.24-4.97
(m, 2H), 1.28 (d,J=6.4 Hz, 12H). *C NMR (100 MHz, CDCl;) 3164.71, 162.99, 134.02, 127.18, 71.55,
69.03, 21.88.

(2)-2-IR'% % — ZFE(3h). 7 95%, # Ak . 'H NMR (400 MHz, CDCl,) 37.48 (s, 1H), 4.34-4.28 (m,
4H), 1.37-1.31(m, 6H). *C NMR (100 MHz, CDCl,) $163.52, 161.65, 133.46, 130.61, 63.30, 61.14, 13.91.

(2)-2-1RE LR NEE(3i)o P2 77%, #EMHIR. "H NMR (400 MHz, CDCls) §6.85 (s, 1H), 4.16 (t,J
= 6.7 Hz, 4H), 1.71-1.69 (m,4H), 0.97 (t,J = 7.4 Hz, 6H). **C NMR (100 MHz, CDCl;) 5165.23, 163.16,
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133.74, 126.70, 67.26, 67.04, 22.04, 10.47.

(2)-2-1R 8 DR — SR (3]). 72 5 84%, ¥ IHPIR . '"H NMR (400 MHz, CDCls) 86.80 (s, 1H), 5.22-5.02
(m, 2H), 1.28 (d, J = 6.3 Hz, 12H). "*C NMR (100 MHz, CDCls) 164.72, 163.48, 134.02, 131.12, 71.69,
69.04, 21.88.

(2)-2-1RE LR 53 THE(3K). 7= 73%, ¥ (aiHrIR."H NMR (400 MHz, CDCls) 6.86 (s, 1H), 3.98 (d,
J=6.7 Hz, 4H), 2.11-1.89 (m, 2H), 0.96 (d, J = 6.7 Hz, 12H). *C NMR (100 MHz, CDCl;) 5165.21, 163.96,
133.74, 130.96, 71.77, 71.52, 27.85, 19.17.

(2)-2-IR'% TR —Ah T HE(3). P75 77%, & AiHEik."H NMR (400 MHz, CDCls) 86.82 (s, 1H), 5.11-4.78
(m, 2H), 1.62 (dt, J = 14.5, 7.3 Hz, 4H), 1.65-1.58(m, 6H), 0.91 (t, J = 7.5 Hz, 6H). *C NMR (100 MHz,
CDCl;) 5164.88, 163.66, 133.98, 131.11, 74.13, 73.58, 28.87, 19.49, 9.73.

(2E,4E)-2, 5-f#i-3, 4- ~HI3E-2, 4- )7 IR ZBR(3M’). 77 EK 68%, FE IR, 'H NMR (400 MHz,
CDCl;) 84.31 (g, J = 7.2 Hz, 4H), 2.67 (s, 6H), 1.36 (t, J = 7.2 Hz, 6H).. **C NMR (100 MHz, CDCls) 5166.30,
96.98, 85.14, 62.77, 38.57, 14.00.

(2E,4E)-2, 5-M-3, 4-FIFE-2, 4- 0 R T FHER(3n). PR 75%, s AR . TH NMR (400 MHz,
CDCls) 53.86 (s, 6H), 2.68 (s, 6H). *C NMR (100MHz, CDCl;) 166.70, 97.63, 53.46, 38.68, 18.58.

3. BR5WTiE
3.1 REEFHHK

DU H R R (La), N-TRAR T 19k 0% (2a) S5 AL AN 1 S BB, R TN A 26 A%
SERBIELR 1 . EARER TIEFIN RPN, 22K 7 1,2- =/ 4kE(DCE). FEE(MeOH). i
(MeCN). PUSMEIE(THF). ZE(EtOH). N,N- I3 L% (DMF). N,N- I H(DMS0). Z MR 2.1
(EtOAC). ZE(PhH)FIZK (HO) 2547, 455 A, 1,2- S ke, N,N- IR ITARAZEAE J9va 77 fe B2 1
B KA (Entry 1. Entry 7 1 Entry 9). N, N-—HEHB . A8, 2 VUSRI B R4
(RIS M X B (14~49%) . LLFFEE(Entry 2). Z.BR ZHE(Entry 8). 7K(Entry 10) NIEFHEAT [N, HIfief3 5
FEE N 86%I1) H AR ™) 3a. BB RIKZERE AN, BORFEA LB R FEEER T RN
BRI S 5 . AR, 2 2a MECRIE I 1.1 MEZH K 0.9 A1 1.0 M=K, H
FRPEHII = M 86%F4 21 72%F11 83% (Entry 11 F1 Entry 12), {H34 2a fIHCRIERINE 1.2 &N, Hix
AV = 29 R AR BIBE i, T2 IR EF 86%111 7 2 (Entry 13), HlIbikd% 2a LB 2N 1.1 M5
B J5 OREFE 2a IFCRIEAAR, BRFT NaBH, (BRI RSN, 4 NaBH, IHEEIE 2] 0.9 &R,
[RIEEER T1% (Entry14), 24 NaBH, FIHCEHEIIINE] 1.2 SR> G L, 195 86%~ %1 3a
(Entry15). 255 3] NaBH, FIHORE I8 HZ R B B2 AN i 3%

EERTR, RN RPN TR Hl5(la, 1.0 equiv)Fl N-flAX T A% (2a, 1.1
equiv), NaBH, (1.2 equiv) LAZETRKCNEETR, RONVIRE N =R .

Table 1. Optimization of reaction conditions

=1 REFHML

N
Me-O O NaBH,
}—4: * N—I BRIV N S o
Jd 0-Me Ha0, 1t i
O
la 2a 3a
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Entry 2a: NaBH, (equiv.) Solvent Time/h Yield/%
1 1.1:1 DCE 2.5 trace
2 111 MeOH 15 86
3 111 CAN 2.0 22
4 111 THF 15 49
5 111 EtOH 15 16
6 111 DMF 2.0 14
7 111 DMSO 2.5 Trace
8 111 EA 1.5 86
9 1.1:1 PhH 2.0 Trace
10 111 H,O 15 86
11 0.9:1 H,O 15 72
12 1.0:1 H,O 15 83
13 1.2:1 H,0 15 86
14 1.1:0.9 H,O 15 77
15 1.1:1.2 H,O 15 86

Yield &= 3a #7377 5, AEFIAFAF TR, HHRIK.

3.2. [RPINIER

Wi T AR RN A G, PR R T ZR N R IERE, WE 2 fios. BB T R
RS N-BURTT B (2a) M S BLERF AT . HoR T b R R OV ERHRE, ROV PEEECH 86% (3a); Y4
TR BRI HURIE N S B (-EY RS, LAY 3b PR AT EA 93%; MEREE A IE NI (-Pr)IF, R
AR 3] 75%= 2 1) H AL A 3¢ BRI Al T J:(sec-Bu)is, 4b&4 3d BI7F=300 78%, FHILAAER
TR Bt A AR B R B h UAIEARBE G K, H AR B 2R B A%, X R, A Xz R B A A —
SE I FEIA o

R HEEAAFRBUREER TR R S N-ZUR T B QL) RS, PR ILEEE T R R
TR ORI TR A E N, B RRPEN R PE R A BT N B, a0 3e PR ER A 94%(H 3g (17
I 76%, AT DLHEI SRR T R — 2 — I8 1) 45 40 D0 I 2 B 1 S &85 M0t T ik =B ) S S A I i
(7= R E B ER . ELSRAMEFRE, T 8RR 3 ORI, F8cE W3R H N i A
S BN L JE =) -

BEIGRZR T BAAARFEBUREER T R RS N-BARCT BRI AR (20) I B, 4EH T Hh iR — 2,
AN T e R A EEEEAT ROBEES 43 ) 15 B AH B ER A = 4) 3h (95%)F1 3i (77%), ANk BB A bR
i o P ORI R S B E BN, AR SR B AR R s (E 2 T B R R BRI 4 A
FENFE(-IPr) 7T % (sec-Bu) F T ZE(iso-Bu)ist, £52I=4 35 3k F1 31 B2 25355 K 84%. 73%. 77%,
AT LUR I = e A KA G40 3h 1 3i (1738, 25 R B bR e i AR (19 2 A2 BE AT e 2 s B Aw
AP 2R 1 EZE R A

B SAR TARKIRR T S RES, W 2- T HRERHERAN 2- T BRI BG5S NIS (s n, AT HEASAS B Fm i)
S, MRS AR R T AR E AR 3m’ (68%) 1 3n’(75%) .
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Figure 2. Hydrohalogenation of electron-deficient alkynes
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Figure 3. Prediction of reaction mechanism
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4. #hig

ARSCENL T —FE TR AR RIRAN A AF R LASR AL AR BRI N-pe AT B e A S A4

R JEAR R B A AL SR 7. 2N A, AN TR B A S (A AE [ SR e S 2
ZIR(NIS. NCS. NBS), TE/K/ENIEFH FIR LA IR 3E1T , 15305 R 5k 73%~95%F H A# =4 3a~3l.
A TAERIRIER TR BB FR S5 BRER . SRR, GRS 5 .
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