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Organophosphine catalyzed intermolecular cyclization of acetylenic ketone
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(1. School of Biological and Chemical Engineering, Zhejiang University of Science and Technology,
Hangzhou 310023, Zhejiang. China; 2. Zhejiang Provincial Key Laboratory for Chemical and
Biological Processing Technology of Farm Produce, Hangzhou 310023, Zhejiang, China)

Abstract: The phosphine catalyzed cyclization has become one of organic syntheses for construction of
five and six member ring systems. As electron-deficient reactants, acetylenic ketone can be used as
potential C2, C3 and C4 synthons to participate in cyclization reactions, for the construction of various
carbocyclic or heterocyclic compounds. This paper studied the phosphine catalyzed intermolecular
[3+427] cyclization for synthesis of cyclopentenones, in which acetylenic ketone participated as C2 and
C3 synthons. The best reaction conditions were achieved through a series of optimization including
reaction catalysts, solvents, temperatures as well as catalyst loadings. The best chemical yield, up to
73% , can be obtained by using ( p-OMePh); P as catalyst and DCE as reaction solvent at 60 ‘C for 2 h.
The developed method provides a new methodology for preparation of cyclopentenone compounds.
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Fig.1 Preparation of 4-phenylbut-3-yn-2-one

EHET B 50 mL [5G fR H 7E AR A 7.6 mL Jo K Y & ek g (THE) 3% i)
7.6 mmol (LAY 1. Z IR G HE —78 C, HINAE T H4 (n-Buli) 3. 04 mL, {f 5 i #F 17
30 min, ZJEMMAZLIREE 2GA T 11. 4 mL (% JC /K DU & Wk ) B = 584k Bl & Bk %5 3 (BF; + OED)
1. 13 mL, 38k %L ) i 30 min, %4 TLC(thin layer chromatography, 7 |2 @ 1% ) & Ak Wil s b #47, 5 &
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Fig.2 Phosphine catalyzed intermolecular cyclization reaction

2 FRMTR

2.1 WRERS T EVIRL S B Sk R

DA 4= HE-3-T Be-2- 0 g SN 40 » 10 2- 5 £ 56 A SO IE I8 70+ 306 TR = A BB A A 70 76 35 47 30 mol 2%
ISR R 9 25 0F N EAT (3 2 ML RO B . 45 R R W] TR 3R R A Bus P AEALAR T JF R K A2 RO
AR AT 2 B0 G A6 45 10 5 T 0 0 F) At = A0 ASUBRHE AR ) (3R 1. 45 3 S)ERREARH 2 H bn =9 . JF R B i
RIS GR 1955 1—5) . IR 1P DUFE B FEAH [ ROV 4545 R (p-OMePh) o P Xl 52 Bz i) i
AT VR R G 7 W) AW SR g 5 8 o P R0 P B IR BB T R N ] 45 R 7 0 B MR A B B R (BR 1L B
6—8),

R ARG BOH A e g R

Table 1 Test and result of catalyst and its dosage

i AL FH &/ (mol %) S B [E] /b e/ %
1 PPh, 20 24 26
2 Bu, P 20 24 —
3 (p-MeO-Ph), P 20 24 35
4 (p-F-Ph), P 20 24 22
5 Me, PPh 20 24 27
6 (p-MeO-Ph), P 30 24 36
7 (p-MeO-Ph), P 50 18 50
8 (p-MeO-Ph), P 100 13 65

FEAF R B AR A AL R R HE A FRATTORE SO VR N AR AT T 0 A R IS 0 5 LA R A B TR 4R g
HEH R (- FPhCOOH) 7k Z TR ( AcOH) Jz ¢ — Z5 )y (BINOL, 30 mol %) 48 HF ATk 36, 45 L 0L 3% 2, i 3¢ 2
AL 08700 ki B R R (TsOHD B 4 F [ AN & AR 3+ 21 B 5 24 vk & R AR By (PhOHD Sy J2 i
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Table 2 Optimization test and result of additives

%5 AL R BRI [] /B W/ %
1 (p-OMePh), P o-FPhCOOH 2 48
2 (p~OMePh), P AcOH 2 73
3 (p-OMePh), P PhCOOH 2 50
4 (p-OMePh), P TsOH 24
5 (p~OMePh), P BINOL 24 14
6 (p-OMePh), P PhOH 13 65
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Table 3  Optimization test and result of solvents and reaction temperatures

ETRe ¥ 51 SR B/ °C 2 K ] /h e/ o
1 CH,Cl, 60 12 18
2 Toluene 60 12 20
3 THF 40 12 34
4 THF 60 12 20
5 CHCl, 60 12 15
6 ~-BuOH 60 12 —
7 DCE 60 2 73
8 DCE 80 24 16
9 DCE 8! 24 15
10 DCE 40 12 34
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Fig.3 (p-OmePh);P catalyzed [3+2] cyclization reaction-substrates exploration
da WO 73 % PR R AR 15 4 178~180 °C ,'H NMR (500 MHz, R 7. 58 (s, 1H) , 7. 41(d, J =

5.5 Hz,2H),7.25—7.24(m,5H),7.19(t,J=7.5 Hz,2H),7. 11(t,J =7.5 Hz,1H) ,6. 88(s,1H) ,5. 26
(s,1H),2. 36 (s, 3H) ;" C NMR (126 MHz, P lid) 198. 0,196. 5,166. 2,137. 8,137. 5,135. 8,135. 0,
133.5,131.2,130. 0,128. 6,128. 5,128. 4,127. 2,48. 6,28. 4; BLE L} Cyp Hyis O,Na[ M+ Na ™ =
311.104 8,52 f=311.104 9,

Ab R 56 %0 . 18 ¥ €6 [F AR 745 5 185~186 °C . H NMR (500 MHz, Pifiil)88. 06(d,J=8.9 Hz,1H),
7.54(s,1H),7.43—7.36(m,1H),7.19(d,J=8.8 Hz,1H),7.12(d,J =8. 7 Hz,1H),6. 88(dd, ] =
6.3,1.8 Hz,1H),6.87—6.83(m.,1H),6.83—6.81(m,1H),6.80—6.76(m,1H),6.75—6.71(m,1H),
3.85—3.69(m,6H),2.35(d,J=4.6 Hz,3H);"*C NMR(126 MHz, 5 ifi)5198.1,195. 2,165. 8,162. 3,
161.6,158.7,142.3,139.6,137.2,135.8,134.6,131.8,129.3,129. 0,127, 4,114. 3,114.0,55. 3,55. 1,
26. 93 IS A Cp Hyy O, Na[ M+ Na] ™ =371. 125 9,52 {E =371. 126 6,

do W28 51 %, YR B AO A 445 5 115~116 °C ,'H NMR (500 MHz, R fi)87. 55(s, 1H) ,7. 34(d, J =
8.0 Hz,2H),7.15(d.J=7.9 Hz,2H).7.05(d,J=8.0 Hz,2H).6. 99(d.J=8.0 Hz,2H).6. 84 (s,
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1H),5.20(s,1H) 2. 54—2.49(m,2H),2.49—2. 42(m,2H),2. 35(s,3H),1. 55(m,2H) ,0. 86 (t, ] =
7.3 Hz,6H) ;" C NMR (126 MHz, 5 filil) §198. 2,196. 6,166. 1,145. 3,141. 5,137. 0,135. 7, 134. 9,
134.7,131.4,131.1,128.6,128.4,48.4,37.8,37.5,28.4,24.2,24.1,13. 7: BiB{H N Cu Hys O, Na M+
Na]© =395. 198 7, 5Zl{f =2395. 199 0,

Ad YR 60 % L R B4 [ 1A 448 5 106~108 °C ' H NMR(500 MHz, i) o7. 54(d,J=1.1 Hz,1H),
7.34(d,J=8.2 Hz,2H).7.15(d,J=8.1 Hz,2H),7.06(d.J=8. 2 Hz,2H).7.00(d,J=8.1 Hz,2H),
6.84(d,J=1.5 Hz,1H),5.20(s,1H),2.56—2.51(m,2H),2. 51 —2. 46 (m.,2H),2. 35(s,3H),1. 51
(m.,4H),1.31—1.24(m,4H).,0.89(t,J=6.2 Hz,3H),0.86(t,J=6.2 Hz,3H);"*C NMR(126 MHz,
P 6198. 3,196, 6,166, 1,145. 58,141, 8,137. 0,135, 7,134. 9,134. 7,131. 5,131. 0,128. 6,128. 6,
128.4,48.4,35.5,35.1,33.3,33.2,28.4,22.3,22.2,13.9,13. 8; Fit (i K Cos Hy, O,Na[M+Na]™ =
423.230 0,52l =423. 230 8,

de WL 68 % , 1 ¥ 6 [ 44 5 14 45 106~108 °C ,' H NMR(500 MHz, i) 7. 53(d,J=1.5 Hz,1H),
7.33(m,2H).7.25(m,2H),7. 17(m,4H) 6. 90(d.J =2.0 Hz,1H),5. 21(t,J=1.5 Hz,1H).2. 39(s,
3H) ;" C NMR(126 MHz, i) 197. 4,196. 2,165. 4,137. 6,136. 4,136. 2,135. 8,133.9,133. 3,132. 3,
131.7,129.9,128. 91,128. 86,47. 7,28. 3; BN C, H;; CLO, [M+ H]" =357. 044 9, SZ {H =
357.044 9,
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