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A Simple and Efficient Strategy to Synthesis of

B-Ketophosphonates Based on lonic Liquids
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Abstract: A simple and efficient synthesis of f-ketophosphonates was described. The hydrolysis reac-

tions of alkynylphosphonates in the presence of sulphuric acid (3.5 mmol) as a catalyst in the recyclable i-
onic liquid N « (HSO,), afforded the desired g-ketophosphonates in excellent yields(98%). This method

has the advantages of metal-free and tolerance of multifunctional groups. Synthesized compound 2p has not

been reported.
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Fig. 1 Structure of ionic liquid

1.2 BRFYUHNEK

E B IS B8 I H AR I ACBS AR N -« (HSO,),
(3.5 mmol, 1 565 mg) . B 5 BEFL TR (0. 5 mmol) Fl
7K (1.0 mmol, 18 mg). HE 5 min )5, ARG
2218 Y% N Wk B R (3. 5 mmol, 98% H,SO,. 350
mg) SR JE W AR R IR E B A R THE] 60 C, FFLE
Pt 20 b FH 2 00 33 30 W O S o R R RN A
J& s 1 RS AW 6 mL K, I A W b A
B RMR A K2R EAERAEHE. A2
FH 15 mL /K %8 ¥ — W, 15 mL Jf F1& h K 9 % 2
W B KA 15 mL Z & e A 3 Ik, &
FEA AU TC K FR 40 T 4%« 2 008 ol e 25 1 S B 7
A5 5 5% B2 BB L i A 2 M TR o R Al 4 3
H 5% 2a—2p.

R iE B S VR A Y R A AT Db R S A
BT R 1 B8 - WA R B 5 IR AE S B A Ak A
RGP L TR RN AR L oy B PR Al
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PR TR R 7K L AR L 0B 0. 48 3R R 1Y 77 1 °F 1 77 23k
F) 94 %0 3K A5 FAE B T BT AR R R BE 11 26
5.

- AR-2- K L HO R — g (2a)1 10, B (431
Ry P7 % 96% (123 mg).' H NMR (400 MHz,
CDCl;) 67.97 (d. J = 7.2 Hz, 2H), 7.57~7.53
(m, 1H), 7. 46~ 7.42 (m, 2H), 4. 14 ~4. 06
(m, 4H), 3.60 (d, J = 22.8 Hz, 2H), 1.24 (t,
J = 7.2 Hz, 6H); "C NMR (100 MHz, CDCl,)
6191.8 (d, ] = 6.5 Hz), 136.3, 133.5, 128.9,
128.4, 62.5 (d, J = 6.6 Hz), 38.3 (d, ] =
129.1 Hz), 16.1 (d, J = 6.6 Hz); *P NMR
(162 MHz, CDCl,) ¢ 20. 0.

[2-5840-2- (- HFLZE 230 iR — 2 ls (2b)t 1,
AR YT . 77 % 97% (131 mg),' H NMR (400 MHz,
CDCLy) §7.86 (dy J = 8.4 Hz, 2H), 7.24 (d, ] =
8.0 Hz, 2H), 4.12~4.05 (m, 4H), 3.56 (d, J =
22.8 Hz, 2H), 2.36 (s, 3H) , 1.23 (t, J = 7.2 Hz,
6H); “C NMR (100 MHz, CDCl,) 6 191. 3 (d, J =
6.5 Hz), 144.5, 134.0, 129.1, 129.0, 62.5 (d, ] =
6.6 Hz), 38.1 (d, J = 129.0 Hz), 21.5, 16.0 (d, J
= 6.6 Hz); P NMR (162 MHz, CDCl,) § 20. 3.

(2 -2-CA7 - S 3L 9% 2 38 T I iR — 2 g
Qe Wk Y, &R 98% (140 mg),
"H NMR(400 MHz, CDCl,) 6 7.95 (d,] = 8.4
Hz, 2H). 6. 90 (d,J = 8.4 Hz, 2H), 4. 13~
4.06 (m, 4H), 3.83 (s, 3H), 3.55 (d, ] = 22.8
Hz, 2H), 1.24 (t, ] = 7.2 Hz, 6H); “C NMR
(100 MHz, CDCL,) 6 190. 1 (d, J = 6.5 Hz),
163.9, 131.3, 129.4, 113.6, 62.5 (d, J = 5.8
Hz), 55.4, 38.0 (d, J = 129.0 Hz), 16.1 (d, J
= 5.9 Hz); P NMR (162 MHz, CDCl,) § 20. 6.

[2-5AMC-2-(47 - B AR 2 R & 55 I IR — & 1R
QO #E R g, 7% 90% (140 mg) .
"H NMR(400 MHz, CDCl,) 6 8.04 (d, ] = 8.8
Hz, 2H), 7.20 (d, J = 8.8 Hz, 2H), 4. 15~
4.08 (m, 4H), 3.60 (d, J = 22.8 Hz, 2H),
2.30 (s, 3H), 1.26 (t. J = 7.2 Hz, 6H); “C
NMR (100 MHz, CDCl;) 6 190.6 (d, J = 6.6
Hz), 168. 6, 154.7, 133.9, 130.6, 121.7, 62.6
(d, J = 6.6 Hz), 38.4 (d, J = 129. 1 Haz),
21.0, 16. 1 (d,J = 6.6 Hz); P NMR (162
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MHz, CDCL) ¢ 19. 9.

[2-5MR-2- (- AR O HO IR — C g (2e)0 12,
W AR Y. 2% 87% (118 mg).'H NMR (400
MHz, CDCL,) 8 8. 05~8. 02 (m, 2H), 7. 15~
7.10 (m, 2H), 4.15~4.08 (m, 4H). 3.58 (d, J
= 22.8 Hz, 2H), 1. 26 (t, ] = 7.2 Hz, 6H);
¥C NMR (100 MHz, CDCL,) §190.2 (d, J = 6.5
Hz), 166.0 (d, ] = 254.4 Hz), 132.8, 131. 4
(d, ] = 9.5 Hz), 115.6 (d, J = 21.9 Hz2), 62.6
(d,J = 6.5 Hz), 38.5 (d, J = 129.1 Hz), 16.1
(d, J = 6.5 Hz); *"P NMR (162 MHz, CDCl,) ¢
19. 7.

(-5 -2-(A7-Z B 36 7% 2 3 T iR — 2 g
QO ek . %R 86% (128 mg),
"H NMR (400 MHz, CDCl,) 6 8.08 (d, J = 8.0
Hz, 2H), 8.02 (d, J = 8.0 Hz, 2H), 4. 16~
4.09 (m, 4H), 3. 64 (d, J = 22.8 Hz, 2H),
2.63 (s, 3H), 1.27 (t. J = 7.2 Hz, 6H); “C
NMR (100 MHz, CDCly) 6 197.3, 191.4 (d, J =
6.6 Hz), 140.4, 139.5, 129.2, 128.3, 62.7 (d,
J = 6.5 Hz). 38.8 (d. J = 128.4 Hz). 26.8,
16.1 (d, J = 5.8 Hz); P NMR (162 MHz,
CDCly) 6 19. 2.

[2-A-2-(47- =P R 2 50 IR — & R
QU H A R Y, 7R 81% (131 mg).
'"H NMR (400 MHz, CDCL,) §8.12 (d, J = 8.4
Hz, 2H), 7.74 (d, ] = 8.4 Hz, 2H), 4. 17~
4.10 (m, 4H), 3. 64 (d, J = 23.2 Hz, 2H),
1.28 (t, ] = 7.2 Hz, 6H); "C NMR (100 MHz,
CDCly) 6 191.0 (d, J = 6.5 Hz), 139.0, 134.7
(dd, J = 32.8 Hz. 32.6 Hz), 129.3, 125.5 (q,
J =3.7 Hz), 122.0, 62.7 (d, J] = 6.5 Hz),
38.7 (ds J = 128.3 Hz), 16.0 (d, ] = 6.5 H2);
P NMR (162 MHz, CDCL,) ¢ 19. 0.

[2-5R-2- (37 -HIRE PR 230 TR — 2 g (2ot .
IR Y, 2% 90% (120 mg),' H NMR (400 MHz,
CDCL) 67.76 (d, ] = 7.6 Hz, 2H), 7. 36~7.29 (m,
2H), 4.12~4.05 (m, 4H), 3.57 (d, ] = 22.8 Hz,
2H), 2.36 (s, 3H), 1.23 (1, ] = 7.2 Hz, 6H); “C
NMR (100 MHz, CDCL,) § 191.9 (d. J = 6.6 Hz),
138.2, 136.4, 134.3, 129.2, 128.3, 126.1, 62.4 (d, J
= 6.6 Hz), 38.2 (d, ] = 129.1 Hz), 21. 1, 16.0 (d,
J = 5.8 Hz); P NMR (162 MHz, CDCl,) 6 20. 1.

(2% R-2-(27-H o8 2 ) I B IR — &
DUV AR . 5 75% (100 mg) .,
'"H NMR (400 MHz, CDCL,) 6§ 7.67 (d, ] = 7.6

Hz, 1H), 7.34~7.30 (m, 1H), 7.23~7.17 (m,
2H), 4.08~4.00 (m, 4H), 3.52 (d, J] = 22.8
Hz, 2H). 2.44 (s, 3H), 1.19 (t, J = 7.2 Hz,
6H); “C NMR (100 MHz, CDCL,) 6 195.0 (d, J
= 6.6 Hz), 138.8, 137.1 (d, J] = 2.2 Hz),
131.9, 131.8, 129.5, 125.6, 62.4 (d, ] = 6.6
Hz), 40.9 (d, J = 128.3 Hz), 21.2, 16.1 (d, J
=5.8 Hz); P NMR (162 MHz, CDCl,) ¢ 20. 2.

(-5 fR-2-28 23 B BR — LR (21 Bt ik
RYy .77 % 83% (126 mg).' H NMR (400 MHz,
CDCly) 6 8.53 (s, 1H), 8.03 (d, J = 8.8 Hz,
1H). 7. 96 (d,] = 8.0 Hz, 1H), 7. 88~7. 83
(m, 2H), 7.60~7.51 (m, 2H), 4.16~4.09 (m,
4H), 3.74 (d, ] = 22.8 Hz, 2H), 1.25 (t, ] =
7.2 Hz, 6H); “C NMR (100 MHz, CDCL,) ¢
191.7 (d. J = 6.6 Hz), 135.6, 133.7, 132. 2,
131. 3, 129. 6, 128. 7, 128. 3, 127. 6, 126. 8,
124.0, 62.6 (d, J = 6.6 Hz), 38.4 (d, J] =
129.1 Hz), 16.1 (d, J = 6.5 Hz); **P NMR
(162 MHz, CDCL,) ¢ 20. 2.

(2% RR-2-(27-2 e Wy ) | B iR — & TR
KON Al R W, R 84% (109 mg) .
"H NMR (400 MHz, CDCL,) 6§ 7.79 (d, ] = 3.6
Hz, 1H), 7. 66 (d, J] = 4.8 Hz, 1H), 7.12~
7.10(m, 1H), 4.14~4.07 (m, 4H), 3.51 (d, J
= 22.8 Hz, 2H), 1.25 (t, J] = 7.2 Hz, 6H);
¥C NMR (100 MHz, CDCl,) §184.1 (d. J = 6.6
Hz), 143.7, 135.0, 134.1, 128.2, 62.6 (d, | =
6.6 Hz), 39.2 (d, ] = 129.1 H2), 16.1 (d, J =
6.5 Hz); P NMR (162 MHz, CDCL,) ¢ 19. 4.

[2-% R-2-(37-2 L wE Wy ) | B IR — &
QDU W m ek W, 7% 87% (113 mg),
"H NMR (400 MHz, CDCl;) § 8. 16 ~8. 15 (m,
1H), 7.50 (d, J = 5.2 Hz, 1H), 7.25~7. 24
(m, 1H), 4.10~4.03 (m, 4H), 3.46 (d, | =
22.8 Hz, 2H), 1.22 (t, ] = 7.2 Hz, 6H); “C
NMR (100 MHz, CDCly) 6 185.5 (d, J = 6.6
Hz), 141.7, 134.2, 127.1, 126.3, 62.5 (d, | =
6.5 Hz). 39.8 (d,J = 128.4 Hz), 16.0 (d.J =
6.6 Hz); P NMR (162 MHz, CDCL) ¢ 19. 9.

ARSI IR — 2 i (2m) O G A IR B
P2 30% (43 mg),'H NMR (400 MHz, CDCL,) ¢
4.17~4.09 (m, 4 H), 3.05 (d, ] = 22.8 Hz, 2
H), 2.60 (t,J] = 7.2 Hz, 2 H), 1.56 (t, J =
7.2 Hz, 2 H), 1.34~1.25 (m, 16 H), 0. 86 (t.]
= 7.2 Hz, 3 H); “C NMR (100 MHz, CDCL,) ¢
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202.2 (d, ] = 5.8 Hz), 62.5 (d. J = 5.9 Hz),
44.0, 42.2 (d, J = 126.9 Hz), 31. 7, 29. 2,
29.0, 28.9, 23.4, 22.5, 16.2 (d, J = 5.8 Hz),
14.0; *'P NMR (162 MHz, CDCl,) ¢ 20. 1.

C2-%8 AR-2-97 ¢ Mk 4R & 9 ) B R — 2 IR
)" TGl R W, 7F R 352 (52 mg),
'"H NMR (400 MHz, CDCl,) ¢ 4. 77 (s, 2 H),
4.18~4.10 (m, 4 H), 3.09 (d, ] = 22.8 Hz, 2
H), 1.32 (t, ] = 7.2 Hz, 6 H), 1.24 (s, 9H);
C NMR (100 MHz, CDCl;) ¢ 195.2 (d, J =
5.8 Hz), 177.6, 68.0, 62.8 (d, J = 5.9 Hz),
39.0 (d, J = 128.3 Hz), 38.6, 27.0, 16.2 (d, J
= 6.6 Hz); P NMR (162 MHz, CDCl;) ¢ 18. 4.

CHEMR2ELD MR T WK Q2o "
R, 7% 96 % (136 mg) ,'H NMR (400 MHz,
CDCly) §7.96 (d, J] = 7.6 Hz, 2H), 7.53~7.50
(m, 1H), 7.42~7.39 (m, 2H), 4.71~4.62 (m,
2H), 3.54 (d.J = 22.8 Hz, 2H), 1.21 (q, ] =
4.0 Hz, 12H); “C NMR (100 MHz, CDClLy) &
191.9 (d, J = 6.5 Hz), 136. 4, 133.3, 128.9,
128.3, 71.3 (d, J = 7.3 Hz), 39.4 (d.] =
129.8 Hz), 23.7 (d, J = 4.3 Hz), 23.5 (d, | =
5.1 Hz); P NMR (162 MHz, CDCly) § 17. 7.

QA2 R H) B — 5% T B (2p) : B (A7
R 77 % 94% (146 mg),' H NMR (400 MHz,
CDCL;) 67.94 (d. J = 7.2 Hz, 2H), 7.53~7.50
(m, 1H), 7.42~7.38 (m, 2H), 3.78~3.74 (m,
4H), 3.58 (d, J = 23.2 Hz, 2H), 1.86~1.76
(m, 2H), 0.80 (d, J] = 6.8 Hz, 12H); *C NMR
(100 MHz, CDCl;) ¢ 191.8 (d, J = 6.6 Hz),
136.5, 133.5, 128.9, 128.5, 72.3 (d, ] = 7.3
Hz), 38.0 (d, J = 129.1 Hz), 29.0 (d, ] = 6.6
Hz), 18.5 (d, J = 1.5 Hz); P NMR (162
MHz, CDCl;) 8 19.7; IR (neat): 2 958, 1 685, 1
594, 1 465, 1 273, 1 026, 1 004, 905 cm ';
HRMS (ESD: m/z [M + H]" caled for C,s Hy O,
P: 313.156 9, found: 313.156 4.

2 HR5®
2.1 REFMHRMRL

N R MG E AR AT AT T — R A5k
5. FHRIRAER LA 2K CHRIEBEIR — LT (1) 1

AR A T S5 A5 B H AR (2a) 1) 43 85 7 R
N 44% (Table 1, Entry D. i ARMRBLER & 3
JEE IR B WA B 7 EEIR I H AR ) (220 177 285 i 4
i E T 83% (Entries 2~6). A[i] 5z WiAA & rh i A He i
PR S VASBEIE 5 47 A H bR =4 A4 s il
FIR A JERH Entry 7)) BRI B R A 1) 8 X S
JOF = A AR RE ). I ) A8 A Al 2 2 i) 52 o )
0T SN il B HEAT T 0 A o S JRLEE 25 C b
F 60 C,r=% i 83% Fh i # 91% (Entries 5, 8, 9).
{HARZRRR EE SR i 3 80 C L= U A k2L Tt (Entry
10). W 1 P46 H 8~10 M45H AT IE e B
RN 60 C. [AESffiE T RN ESTE] (Entries 11~14),
R (R4 AE 5 8 h B, = R R R3] 8620 (Entry 11).
24 J52 o7 B () 20 T SO A ) s 5 N7 7™ 28 AE 78 M T e S Fsf
[ L 20 h, O = ks T P82 (Entries 12~14) , A fif
oA W B A A 20 h(Entryl4).

FERCAR B RN 2T o FRATTRE 25 Fh 05 7 1 F g i
i 1A R TR R TR E AT IR 5T R B 58I | AR R 1A
PO R AR S <l A T (S W e
2 .

®1 REZHEMRL

Tab.1 Examination of reaction conditions

— E:OEt N+ (HSOy),, H,O Lﬁ(OEt
OEt H,S04 Ph OEt
1a 2a
Entry ni,so, /mol  Temp/C Time/h Yield/ %*
1 3.0 25 12 44
2 4.0 25 12 53
3 5.0 25 12 62
4 6.0 25 12 75
5 7.0 25 12 83
6 8.0 25 12 82
7 0 25 12 0
8 7.0 40 12 87
9 7.0 60 12 91
10 7.0 80 12 90
11 7.0 60 8§ 86
12 7.0 60 16 94
13 7.0 60 20 96
14 7.0 60 24 96

a RN 0.5 mmol Bk BEFR TG ,3. 5 mmol B ik {K,1. 0 mmol /K. b
2T A5 B o 7
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At S O 50k i B 2 TG AR RE 25 & b 5
AH 77 % 5 (Tab. 2, Entries 1~3), [a] B} 0 By 7 5t
VI IR 1 336k 25 Bl 92 T 0, B 0 7 ¢ v 1 7 22 1 Tl %
(Entries 4~6) . {H 3 ™ Z2 0 1% T~ {1 dy 56 A1 B AR
SR H T 457 BEL A T4 B4R S8 7 S 1 5k ik g
T2 T 1) 7 25 38 LU X7 JBCA 1Y) -0k ko TR T 114 7 341K
(Entries 7, 8). ZE A B0 5 JBl 2 155t e IR
il & (Entry 9) ., 43 8 500 B A AR P06 P e
Wy HAR B9 Bk Ik JBE 1R TR L[] B BE 9% & A (Entries
10, 11). 5 RERW]RE pIREBEREE - E 5%
S IR L A H R0 AL BEL A% 1) 5 i) (HAR 2 0
B p-Fk ik JBl 1R T T RE 75 5 b & 1 (Entries 1
~11). Jg 7 e A A e 5 gl 2 T A ) A BB A 17 Utk
2R BB RE Y 77 2R A A (Entries 12, 13). HAt i
JIhE T2 T IV 0 AL R LR e 3 4 /K 5 B A% B A I 1Y 5
Pk Kt IR S (Entries 14, 15).

R TRV R RO B AT AT P R AR R S I Y
R #] 20 mmol, [FFE W AF 2 T 9200 1 R,
S5 5 AR — B0, Be 0 B TR IR R A K
(1) B TR R 6 7 ).

*2 REEE"

Tab. 2 Substrate scope of the reaction

o) N+ (HSQ4),, H,O O O
i_OR? 4)2, Ho 2
RO J_for
OR®  H,50,,60°C 24 h R OR
1 2
Entry R'= R?= Product  Yield/ %"
1 4-(CH;) Cs Hy Et 2b 97
2 4-(CH;0)Cs Hy Et 2c 98
3 4-(CH;3 CO0) Cq Hy Et 2d 90
4 4-FCs H, Et 2e 87
5 1-(CH;CO)Cs Hy Et 2f 86
6 4-CF5Cg Hy Et 2g 81
7 3-(CH;)Cs Hy Et 2h 90
8 2-(CH3) Ce Hy Et 2i 75
9 Et 2 83
10 W Et 2k 84
S
11 E\g Et 21 87
S
12 CH3(CH,)¢CH, Et 2m 30
13 PivO Et 2n 35
14 Ph ‘Pr 20 96
15 Ph “Bu 2p 94

a W 420, 5 mmol K 5L BRFE L 3. 5 mmol B F A&, 1. 0 mmol K,
3.5 mmolik B, b 2T ik15 3 4 B 7= 3.

2.2 HMEHR

1M 52 7 A ATL P — i TA Sy 2 i o ik fe = B 1) PR
TR A SR Jim AR L 1 bR L T B T A5 A ol
Ao T R B e i e A B BRI S L R
A 52 36 45 2L S A 21 A9 AR B ) o BDIE 1 3% — Oz
HLH .

TR A e 1 — b M) R 1 5 A TE T
FIB 2608 3 B B TR R T 1Y 2 € L S T 7 05
WRTT R R TR i) O A AR b 1 SR
Ph AR R P GRS i T IE i R T A O A
PR 8 TR P A RE A 200 v 1y 7 . SR A — 4R
(2 X0 5 35 8 B T o Bt HL A 2R I )R AL
H o S — PR B AT 14 5 BT I

2% 3k
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