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Synthesis of Terminal Alkynes/Diynes through Deprotection of
Acetone Protected Alkynes under Mild Conditions

Guan, Zhipeng Shi, Yao Shi, Wei* Chen, Hao
(College of Science, Huazhong Agricultural University, Wuhan 430070)

Abstract Terminal alkynes are important building blocks in organic synthesis. Acetone protected terminal alkynes are fre-
quently used in alkyne synthesis and reactions, which could be easily prepared by Pd-catalyzed Sonogashira cross-coupling
reactions between electrophiles and 2-methyl-3-butyn-2-ol. At present, the deprotection of the acetone protected terminal al-
kynes is generally carried out in reflux toluene in the presence of potassium hydroxide for hours. However, this procedure suf-
fers from the harsh reaction conditions and its application has been limited. Here in the deprotection of acetones has been dis-
cussed, and various solvent, temperature, substrates were investigated to advance the procedure, and it is found that by em-
ploying 1,4-dioxane as solvent, this process can undergo smoothly at 60 C with satisfying yields in 0.5~2 h in the presence
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of 2.0 equiv. KOH.
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Figure 1 Sonogashira coupling to prepare terminal alkynes

I, 75 C R T A A AT IS B E, (E DY
TRAEENS G R, HXH %, 3. BIESR
AT B R R ER, Li 5P R IS ] = 2 R L R
I 2R VRS 175, NaOH b, 75 C Fa] LLEFIR
ke, (HARTRE 5 AR LRk, HAEHRIER N
W, PERMARETT 90%. ASHIFFUER ST IR — ) B, X P
TRy R bR 1 2 R AT THIFAL, R AT AYE A
(REE S, FEBCE I A 19.(0.5~2 h)R A SEBiX — £ 1%
Pl HIRMARRTEREME, SEI T RN 1,3- SRR
iy o PRI AFL R T 48 A0 BRAN T & 1, & — A LA K

1 HR5TR
B R ABR R R R ImRIE

%[ Eq. 1 Biw, SRR R s, 4
RN 1 Prs.

1.1

CuCI/NH,OH"-HCI
} N = Br%é 2
R= , OH BuNH,
} \ —— 1)
R OH

R 1 ARABRT IR 1,3- e
Table 1 Synthesis of acetone protected 1,3-butadiynes

Entry R 3 Isolated yield/%
1 H 3a 91
2 4-F 3b 88
3 4-OEt 3¢ 92
4 4-Me 3d 86

DA 3a (& BCA], B 28 mL 1E T % 150 mL %2
e, A 43.56 mg (0.44 mmol) CuCl, 4 2~4 ¥in
N () R FR 4 (20 0.5~0.8 mmol), fifk R{RFF NI
JRZS. IO 2.04 g (20 mmol)HE 2k, 0 CF, iAftkis
] FIRAR R AN 3.52 g (24 mmol) 2-HIHE-4-J8-3-T k-
2-FE(2) B 5 h, TLC tll R M45H G, PLOBEAEE 7y
B, TTKBRIREN TS, R Z8 R B LU, B it
4155 3.33 g 3a, 17K 91%.
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1.2 ARG IREE

24 7R K 233 mg (1.27 mmol)JF K} 3a %
T2 &R AL E S BT 2R (25 mL)H, A 80 mg
NaOH, & RY TR, 2 il (TLC) R I 28 S B 5¢
2. A ERER S AR AT R AT (o B AR AL, mAAS
PRI AED) 4a(F=F T0%), NIRE CMARBA, EH
RS E (GO)FRHERE &, W1 Eq. 2 FTs.

Toluene, reflux

OH KOH, Ar

1.3 BRIPFR FHRIL

23 5 EL 92 mg (0.5 mmol) 3a ¥ T 2 mL FHIE, IR,
SR RHE. POERRIE . 1,4- N, FET
FERBE-ERAEFF, I 56 mg (1.0 mmol) KOH, 70 ‘C4&
SR RAL 2 h, BABCRAE 9 P FREAT SR € 20 AT
GCZZ MK 2 Frox. Al LAEH 1L4-ZE5 AKX THER
B 2R,

R2 KL
Table 2 Screening of reaction conditions
Entry sl 1/°C GC F=%/%
1 LEES 70 42
2 i 70 7
3 i 70 16
4 Rk 70 58
5 WS 70 40
6 LA4- 5 70 74
7 AT S i 70 44
8 LA4- 5 50 53
9 14-— 53 60 88

BEJG LA 1,4- 50NN, X O B EAT TR
R, KU 60 CH V= 2iLF] 88%, KT s Tt
TR, RN AT R, Rk, BATHE T R
JRBLZEAF: 2 R M) KOH fAEZME T, LA 1,4- 25N
VBRI, 60 CF .
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X BT AT TR AE, SR WE 2 Fros. Bl
RIS RAE 15 min A A EEAR 58/, 30 min 77 47 1A F
K. A S NI T R, 72238 ST A B .
it GC-MS J& NMR %5FBdhA7 04, KIAEE/N
J&, A 20%75 A5 = A R 5 A LU AR R &
Y, Hait it FESE, HRIEEEZEN L,
HARKIA Rl B S AR BERTIYH=1. gk — 2 nat
FtH BT IEFEE T .

1.4 [RYINIT R

ST TV, AT S A FEBRERNEY 3,
EFE o BB RN B FLR S R (R, X AT R
PrRLe, SHRWE 3 s, WTLER, NERE BT
ARIEIL T T HUCEE, Y07 DR 7 243 B R b
SR, XT3 R i N, FEAR BT LR
30 min Z P 58 (Entries 1~5); 10X T 7240 8 Bk i [
N7, S S () 5 KB 2 h, HIERE (R FF A AR (Entries 6~
9). X} ¥ Entry 6, GC Wit7s N4 3f B AT 2544k, (A
TrEWIoR o s, TR oy B PR R R T R

GC yield/% of 4a
N
o

0 1 2 3 4 5 6 7 8
Reaction time/h
B2 S () R R
Figure 2 Optimization of reaction time
i)
2 i
BIEFE T VAR R 477 B AR i R e e — bR A A T A 2% A
NERIPIITNE, KIZIT 0] LS USRI S R
(60 °C)- LI S B2 [R] (30 min~2 h). & e, AH

£33 ANFEERWIE
Table 3 Substrate scope

loxane

KOH/di
R%é
60°C,05~2h

OH
Isolated Isolated
Entry 3 4 yield/o | FY 3 4 yield/%
. @%é @ﬁ 90 7 O—é 4©7 87
4g
2 <:> - é Q 90 8 C é C 79
4h
—@%é —@% O_é Br4< >i:
3 81 9 93
4i
Br
4 <:> - é O - T 8 10 @—é G{ 74
4
O O
>—©%é >—©—: O—é CI—< :}—:
5 oH 99 11 94
3e 4e 4k
6 C N sOH : 67 12 2 > < E : - 84
4f 4
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PR 47 i5(110 "CHUER ) & BRI, JoHs2
X At BRI A, SN AT BAE 15~30 min P 52K,
B T R T BRSOV R, T SEE T ] A AR Sk
K 1) PR AS A IR B A T 7%

3 SEES

3.1 UES5HF

'H NMR A1 *C NMR H] Bruker ADVANCE III 400
MHz M€, BL TMS AR, CDCL R, S i fE
Agilent 7820A GC System _Eill5E. AR Nt
g, HIR. LA-ZHONER A T S @ AL T Bl 4
h S B &R, HRVERI L1 T4
3.2 LWHE

HY 0.5 mmol 3 F 15 mL K] Schlenk &, JIARET
KOH (1.0 mmol), HIXUHEE ¥4 2 B A <. REF
SAERBEORT, MAERFMA 2 mL FHEdr 1,4-—
FANER, 60 CIMIBH B 30 min, AHIEER. HIAR
AN 4 mL /K, DA EEZHATRE (2 mLX2). FHL
FHCATCKBRBR BN T Ja, Wedd, #EEMHr. BLIE Ok itk
e, 1320 R 4.

- 3-13-T k@)™ % ik, "H NMR
(300 MHz, CDCl;) 8: 7.55 (d, J=6.8 Hz, 2H), 7.35~7.42
(m, 3H), 2.52 (s, 1H); *C NMR (75 MHz, CDCly) ¢:
133.0, 129.6, 128.5, 121.0, 75.4, 73.5, 71.3, 68.2.

1-4 A HE-1,3- T ke @by 3% [ 4R mop.
69~70 C; '"H NMR (300 MHz, CDCl;) J: 7.49~7.52
(m, 2H), 7.03 (t, J=8.8 Hz, 2H), 2.48 (s, 1H); °C NMR
(75 MHz, CDCl5) §: 164.5, 162.0, 134.9, 116.0, 74.3, 73.3,
71.3, 68.0.

15 ZAE R 1,3- T —hk@o)!™: AEE A, mop.
57~58 ‘C; '"HNMR (300 MHz, CDCl;) 6: 7.44 (d, J=8.8
Hz, 2H), 6.83 (d, J=9.2 Hz, 2H), 4.01~4.06 (m, 2H),
2.46 (s, 1H), 1.42 (t, J=7.2 Hz, 3H); °C NMR (75 MHz,
CDCl;y) d: 160.0, 134.4, 114.6, 112.6, 75.7, 72.3, 70.7,
68.4,63.6, 14.7.

10 H2RBE-1,3- T he(ad)!™: 33k (i k. 'H
NMR (300 MHz, CDCl3) 6: 7.40 (d, J=8.0 Hz, 2H), 7.13
(d, J=8.0 Hz, 2H), 2.46 (s, 1H), 2.35 (s, 3H); °C NMR
(75 MHz, CDCls) d: 139.2, 131.9, 128.5, 117.2, 74.7, 72.2,
70.2, 67.6, 20.8.

4-CBRFETR i (4e): A4, mop. 69~70 C(3L
BB 68~70 °C); "H NMR (600 MHz, CDCl3) 6: 7.92
(d, J=8.0 Hz, 2H), 7.58 (d, J=8.0 Hz, 2H), 3.26 (s, 1H),
2.61 (s, 3H); “C NMR (151 MHz, CDCls) d: 197.30,
136.76, 132.30, 128.19, 126.92, 82.75, 80.37, 26.66.
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KB EREAWBAA. '"H NMR (600 MHz,
CDCly) 0: 7.40~7.55 (m, 2H), 7.29~7.39 (m, 3H), 3.08
(s, 1H); >C NMR (151 MHz, CDCl;) d: 132.10, 128.78,
128.29, 122.04, 83.63, 77.15.

4- 2B HOK (4): VR R AR, "H NMR (600
MHz, CDCLy) d: 7.38 (d, J=8.0 Hz, 2H), 7.12 (d, J=7.9
Hz, 2H), 3.03 (s, 1H), 2.35 (s, 3H); °C NMR (151 MHz,
CDCly) d: 138.94, 132.00, 129.05, 119.01, 83.83, 76.45,
21.49.

4- LR H K HEE (4h): A, 'TH NMR (600
MHz, CDCLy) o: 7.43 (d, J=8.8 Hz, 2H), 6.84 (d, J=8.9
Hz, 2H), 3.81 (s, 3H), 3.00 (s, 1H); *C NMR (151 MHz,
CDCly) 6: 159.92, 133.58, 114.14, 113.92, 83.66, 75.77,
55.28.

1-1R-4- R (4): B A K, mp. 64~65 COLHR
%1: 64°C). 'TH NMR (400 MHz, CDCLy) 6: 7.45 (d, J=
8.5 Hz, 2H), 7.34 (d, J=8.5 Hz, 2H), 3.12 (s, 1H); “*C
NMR (101 MHz, CDCly) &: 133.52, 131.57, 123.12,
121.00, 82.55, 78.36.

1-5-3- LR F (4f): k. '"H NMR (400
MHz, CDCl;) 6: 7.63 (t, J=1.8 Hz, 1H), 7.48 (ddd, J=
8.0, 2.0, 1.1 Hz, 1H), 7.41 (dt, J=7.8Hz, 1.3 Hz, 1H), 7.18
(t, J=7.9 Hz, 1H), 3.12 (s, 1H); C NMR (101 MHz,
CDCly) d: 134.83, 131.99, 130.66, 129.74, 124.05, 122.06,
82.01, 78.55.

1-5-4-2K 2B (4k): B4R, mp. 47~48 C(X
BR1E Y 45.4~46.1 “C); '"H NMR (400 MHz, CDCl;) §:
7.41 (d, J=8.5 Hz, 2H), 7.32~7.27 (m, 2H), 3.11 (s, 1H);
C NMR (101 MHz, CDCl;) J: 134.88, 133.34, 128.66,
120.55, 82.50, 78.18.

3-HIEEIR 2L (4l): R R4R. "TH NMR (400 MHz,
CDCly) 0: 7.36~7.26 (m, 2H), 7.23~7.12 (m, 2H), 3.04
(s, 1H), 2.32 (s, 3H); >C NMR (101 MHz, CDCL) o:
138.00, 132.67, 129.66, 129.18, 128.19, 121.87, 83.82,
76.76, 21.18.

5 Bh 4 Bl (Supporting Information) fTH =4/ 'H
NMR Fl °C NMR 3 [&]. 3241 A] BL 4 2 A 993l
(http://sioc-journal.cn/)_E T %K.
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